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Two-photon Precision Spectroscopy of Hj

L. Hilico, V-Q. Tran, A. Douillet, J-Ph. Karr

Laboratoire Kastler Brossel, UMR 8552, UPMC-Paris 6, ENS, UEVE, CNRS;
Case 74, 4 place Jussieu, 75005 Paris, France

The HJ metrology project aims at observing and measuring a Doppler-free two-photon
vibrational transition in order to provide a direct optical measurement of the electron to
proton mass ratio with a relative accuracy at the 0.1 ppb [1] level by resonance enhanced
multiphoton dissociation (REMPD). As shown in figure 1la, two infrared photons at 9.2 ym
drive the vibrational transition while 248 nm photons photodissociate the ions.
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Figure 1: (a) Hj electronic energy curves at the Born-Oppenheimer approximation. (b):
Remaining Hy ion fraction after a 1 s creation and 0.3 s photodissociation process versus
the number of UV laser pulses. The pulse energies are indicated in the figure. Full lines
(a) to (e) are obtained by a global fit of the data by a simple model taking into account
the UV beam and ion cloud geometry. Full line (f) is an extrapolation of that model at
high energy.

Several experimental challenges have to be overcome. The first one is the realization
of a kHz width cw infrared laser [2,3]. The second one is the preparation of a trapped Hy
ion cloud in the vibrational ground state v = 0 and in a given rotational level L, and the
analysis of the ro-vibrational populations.

We will present the present status of the experiment and our recent achievements:

e Narrow line CW quantum cascade laser source and Faraday optical isolator [4],

e Vibrational population analysis by v-selective REMPD (see figure 1b) showing that
a Hy ion cloud with 93% in the v=0 level and 7% in the v=1 level was obtained [5],

e Expected two-photon spectroscopy signal to noise ratio,

e Theoretical progress.



We will also present the developments of the project aiming at improving the two-
photon signal.

e (v, L) state selected Hj ion production by REMPI from Hy molecules [6],

e HJ Sympathetic cooling by laser cooled Be* ions

[1] The CODATA recommended value has a relative uncertainty of 4.3 10~1.
see http://physics.nist.gov/cuu/Constants/index.html

[2] F. Bielsa, A. Douillet, T. Valenzuela, J.-Ph. Karr, L. Hilico, Opt. Lett. 32, 1641-1643
(2007)

[3] F.Bielsa, K. Djerroud, A. Goncharov, A. Douillet, T. Valenzuela, C. Daussy, L. Hilico,
A. Amy-Klein, J. Molec. Spectrosc. 247, 41-46 (2008)

[4] L. Hilico, A. Douillet, J.-Ph. Karr, E. Tournié, Review of Scientific Instruments 82,
096106 (2011).

[5] J.-Ph. Karr, A. Douillet, L. Hilico, Applied Physics B, DOI 10.1007/s00340-011-4757-
z (2011).

6] M.A. O’Halloran, S.T. Pratt, P.M. Dehmer, J.L. Dehmer, J. Chem. Phys. 87, 3288
(1987). A.D. Buckingham, B.J. Orr, J.M. Sichel, Phil. Trans. Roy. Soc; Lond. A. 268,
147 (1970).



Laser spectroscopy of atoms and molecules for tests of QED and
improved knowledge of fundamental particles and constants

Jeroen Koelemeij
LaserLaB VU University, De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands

The LaserLaB facility at VU University Amsterdam hosts several experimental setups
for high-precision laser spectroscopy of light atoms and molecules. I will give an overview
of recent results obtained at LaserLaB which have been used for tests of QED at improved
accuracy, and to retrieve properties of fundamental particles and constants. These results
include high-resolution spectroscopy of quantum degenerate 3He and 4He in metastable
states and a determination of the 3He nuclear charge radius [1], precise determination
of the ionization energy of the 4He ground state via Ramsey spectroscopy with extreme
ultraviolet laser pulses [2], and the measurement of ionization, dissociation and rotational
energies of H2 [3,4]. Furthermore, high-precision spectroscopy of atoms and molecules at
LaserLaB has been used [5,6] and proposed [7-10] for searches for time variation of the
proton-electron mass ratio, , whereas work towards a determination of via high-precision
laser spectroscopy of trapped HD+ molecular ions is currently in progress [11,12].

[1] R.van Rooij, J.S. Borbely, J. Simonet, M.D. Hoogerland, K.S.E. Eikema, R.A. Rozen-
daal, W. Vassen, Science 333, 196 (2011).

[2] D.Z. Kandula, C. Gohle, T.J. Pinkert, W. Ubachs, K.S.E. Eikema, Phys. Rev. Lett.
105, 063001 (2010).

[3] J. Liu, E.J. Salumbides, U. Hollenstein, J.C.J. Koelemeij, K.S.E. Eikema, W. Ubachs,
F. Merkt, J. Chem. Phys. 130, 174306 (2009).

[4] E.J. Salumbides, G.D. Dickenson, T.I. Ivanov, W. Ubachs, Phys. Rev. Lett. 107,
043005 (2011).

[5] F. van Weerdenburg, M.T. Murphy, A.L. Malec, L. Kaper, W. Ubachs, Phys. Rev.
Lett. 106, 180802 (2011).

[6] E.J. Salumbides, D. Bailly, A. Khramov, A.L. Wolf, K.S.E. Eikema, M. Vervloet,
W. Ubachs, Phys. Rev. Lett. 101, 223001 (2008).

[7] T.I. Ivanov, M. Roudjane, M.O. Vieitez, C.A. de Lange, W.U.L. Tchang-Brillet,
W. Ubachs, Phys. Rev. Lett. 100, 093007 (2008).

[8] P. Jansen, L.-H. Xu, I. Kleiner, W. Ubachs, H.L. Bethlem, Phys. Rev. Lett. 106,
100801 (2011).

[9] H.L. Bethlem, W. Ubachs, Faraday Disc. 142, 25 (2009).

[10] A.J. de Nijs, E.J. Salumbides, K.S.E. Eikema, W. Ubachs, H.L. Bethlem, submitted,
arXiv:1109.4362v1.

[11] J.C.J. Koelemeij, Phys. Chem. Chem. Phys. DOI: 10.1039/c1cp21204d (2011).

[12] J.C.J. Koelemeij, D.W.E. Noom, D. de Jong, M.A. Haddad, W. Ubachs, to appear
in Appl. Phys. B.



15 —2S transition frequency measurements in atomic hydrogen

N. Kolachevsky

P.N. Lebedev Physical Institute RAS
119991 Moscow, Leninsky prospekt 53, Russia

For the last decades precision spectroscopy in atomic hydrogen has been fuelling de-
velopment and testing of quantum electrodynamics which allows to predict its atomic
energy levels which extremely high accuracy. The 1525 transition frequency, measured
in hydrogen atom with unprecedented accuracy, has become a corner stone in the least
squares adjustment of the fundamental constants. It is involved in determination of the
Rydberd constant and proton charge radius. Studying of its stability is used for deter-
mination of the fine structure constant drift and testing the Lorentz invariance. In the
future comparison of frequencies in hydrogen and antihydrogen will allow to perform a
stringent test of the CPT theorem.

Here we review results of 1.5—-2S transition frequency measurements during the past
decade (Fig. 1). We discuss new methods and approaches of the 2010 experiment [1].
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Figure 1: Absolute frequency measurements of the 15—2S transition in atomic hydrogen
during 1999-2010 years.

[1] C.G.Parthey et al., to be published in Phys. Rev. Lett. (2011), also arXiv:1107.3101



Muonic hydrogen and the proton size puzzle

Randolf Pohl
Max-Planck-Institut fiir Quantenoptik, Garching, Germany

Our recent measurement of the Lamb shift (25-2P energy splitting) in muonic hydrogen
[1] has created a puzzle. The value of the proton rms charge radius we deduce, R, =
0.84184(67) fm, is ten times more accurate, but 4% smaller than the values deduced from

both hydrogen spectroscopy and elastic electron scattering.
In addition, we have now determined the 25 hyperfine splitting in muonic hydrogen
from which the Zemach radius of the proton is determined [2]. The Zemach radius is a

measure for the magnetisation distribution inside the proton.

[1] R. Pohl, A. Antognini, F. Nez, et al. (CREMA collaboration), Nature 466, 213 (2010).

[2] CREMA collaboration, in preparation.



Hyperfine Structure of Antiprotonic Helium and the
Antiproton Magnetic Moment

Eberhard Widmann

Stefan Meyer Institute for Subatomic Physics, Austrian Academy of Sciences
Boltzmanngasse 3, 1090 Vienna, Austria

Antiprotonic helium [1] is an exotic three-body system consisting of a helium nucleus,
an electron and an antiproton. The antiproton occupies highly excited metastable states,
which allows it to be studied by laser and microwave spectroscopy techniques. By com-
paring the experimental results with state-of-the-art three-body QED calculations, the
properties of the antiproton can be extracted. This way the most precise value of the
antiproton mass has been obtained from the laser spectroscopy of antiprotonic helium [2].
The hyperfine structure (HFS) of antiprotonic helium arises from the interaction of the
magnetic moments related to the electron spin and the antiproton angular momentum and
its spin. Due to the high angular momentum of 1 3335 of metastable states, the dominant
splitting arises from the interaction of electron spin and antiproton angular momentum,
while the interaction of the antiproton spin with other moments leads to a smaller split-
ting. Using a laser-microwave-laser method [3] the most precise value of the magnetic
moment of the antiproton was obtained [4] in antiprotonic 4He from the difference of the
observed HFS transitions. Recently also the hyperfine stricture of antiprotonic 3He was
observed for the first time [5]. Its more complex hyperfine structure constitutes a more
rigorous test of three-body bound-state QED theory.

[1] R.S. Hayano, M. Hori, D. Horvath, and E. Widmann, Rep. Prog. Phys. 12, 1995
(2007).

[2] M. Hori, et al., Nature 475, 484-488 (2011).
[3] E. Widmann, et al., Phys. Rev. Lett, 89, 243402 (2002).
[4] T. Pask, et al., Physics Letters B 678, 55 (2009).

[5] S. Friedreich et al., Physics Letters B 700, 1-6 (2011).

10



ITocaeagamne pe3syabraThl Kosumtaboparuu DIRAC 8 CERN mo

U3ydeHuIo 7w u TK aroMoB

JL.I'Adanacren
JIAI OUSN

B skcnepumente DIRAC, npoogumom Ha yckopuresiae PS B CERN, uaentudunmpo-
BauHo Gosiee 21000 cobbiTHil pasBaga 77~ aroMoB [1]. DTO MO3BOMMIO CYIIECTBEHHO
YJIYYIINTh TOYHOCTh U3MEPEHUs BPEMEHU *KU3HHU 9TUX aTOMOB!

r= (B, Rl L) <10
' syst

stat —0.18
a TaK2Ke IIOJIYIUTHb C TOYHOCTBIO 4% Pa3HOCTDb S-BOJIHOBBLIX JIJIMH 77T PaCCCAHUNA

ML
syst) L

DTHU pe3yIbTATHI SABJISIOTCS BaXKHON ITPOBEPKOIl MTPeJICKA3aHNsT KUPAJIBHOW TEOPUU BO3MY-
IIEHUS.

Ha ocnoBanuu mpesapurebHoit oopadotku janubix 2008—2010 roioB moJrydeHsl mep-
BbIe pPe3yJILTAThl 110 HAOJIOACHHUIO aToMOB corosmux u3 7t K~ u Kt7~ mesonos. Ha
pHUCYHKe 1 IIOKa3aHO 3KCIIepUMEHTaIbHOoe pacupeienenue map 71 K~ u KTr~ mo orHo-
curenbaoMy uMmiyiabey () B CILIM mapbl mocje BBIUMTaHHS BCEX Iap, 0OPa30BaHHBIX B
cBODOJTHOM COCTOSIHUM, W MOJIEJIUPOBAHHOE pacipejesieHue map oT pasBaJyia mHK aToMoB.
B nacrosiee Bpems uiaenTudunmuponano 277 + 52 7K aTomMosB.
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[1] B. Adeva et al., Physics Letters B 704 (2011) 24.
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3axBaT 3JIeKTPOHAa BOIOPOI0IOI00HBIMU
MHOT03apsAHbIMI MOHAMU

O.10. Anmpees?, JI.H. Jla63oBckmii®®

@ Canxm-Ilemepbypeckuti 2ocydapcmeernnviti ynusepcumem, Cankm-Ilemepbype
b [Temepbypecruti uncmumym adeproti gusuxu, Carnxm-Ilemepbype

Metron korTypa jguanu (MKJI) [1] npumenén qys K9J1 pacaéra pekoMOuHAIIIN 9J1€K-
TPOHA € MHOT03aPsiTHBIM HOHAM. PaccMOTPeHbBI MPOTEeCChl paIualliOHHON PEKOMOMHAIINT
U JIIJIEKTPOHHON peKoMOMHAIuu. MeK91eKTpOHHOe B3auMOJIENCTBUE YITEHO YACTHIHO
BO Bcex nopsiakax K9/I teopunm Bozmytenunii. Pajinanuonnbie monpaBKu B HUBIIEM I10-
PSIIKE TEOPUU BO3MYIIEHUS TaKzKe yaTenbl. [loydensr Hanbosiee TOUHbBIE PE3yJIbTaTh /11
CedeHns JeKTPOHHON PEeKOMOMHAIIMHI BOJIOPOJIONOI00HBIX NOHOB ypaHa U Ta 0/ IMHUS.

[Ipouseenén KI/I pacaér moiHOrO cedeHust 3JIEKTPOHHOW PEKOMOWHAINN I BOJIO-
POJIONIOIO6HBIX MOHOB ypaHa [2] u ragomuus [3]. Cevenne peKOMOUHAIIN TIPE/ICTABIEHO
B BHje (DYHKIMK OT SHEPIrUU 3aXBaTbIBAEMOro 3jeKTpoHa. M3-3a npucyrcrus sdpdex-
Ta JINSJIEKTPOHHON PEKOMOUHAINYN CeUYeHUEe PEKOMOMHAIINN MMEET PEe30HAHCHI, OTBEYAIO-
e JBazKIbIBO30YKIEHHBIM (25,25), (25, 2p), (2p, 2p) ABYX3JIEKTPOHHBIM KOH(MDUTYpaIin-
sIM. DTHU PE30HAHCHI JIETATBHO UCC/IeI0BaHbl. MeK3IeKTPOHHOEe B3anMOIeHCTBUS JJIsT NS,
np, nd-31eKTPOHOB (IJIABHOE KBAHTOBOE YHCIO N < 3) yUTEHO BO BCEX MOPsIIKAX TEOPHU
BO3MYyTIeHUi. MeK3JIeKTPOHHOe B3aUMOJIEHCTBIE JIJisl PYTUX JEKTPOHOB (BKJIIOYAs OT-
PHIIATETHEHO SHEPreTHIeCKHe COCTOSHIS ) PACCMOTPEHO B [IEPBOM IMOPSIJIKE TEOPUU BO3MY-
MIeHW. Y UTEH IJIABHBIN BKJIaJI PaUAIIMOHHBIX TIOTIPABOK (COOCTBEHHAS SHEPIHUS SJIEKTPO-
Ha ¥ HOJISIPU3alis BaKyyMa); BKJIAJ COOCTBEHHOIHEPIreTHIeCKON BEPITMHHO MOIPABKI,
KOTODBI ABJISETCA HEPE30HAHCHBIM, HE PACCMaTPUBAJICS.

Pesynbrarsl pacuéra Jijisi MFOHOB ypaHa CPABHUBAIOTCSI C IKCIEPUMEHTAIbHBIME |4, 5]
u Teoperndeckumu Janubivu [6, 7, 5|. B MKJI Mexk3/1eKTpoHHOE B3auMOJIEHiCTBIE YITEHO
Touree YeM B paborax [6, 7|. Tak kak MKJI sBisiercs mosmrocteio KO/I metomom, KO/
3¢ deKThl TaM paccMaTpuBaroTCs HoJiee cucreMaTHIecKn, YeM B paborax |7, 5|. OcHoBHOE
pasymmane MeXKIy pe3yabTaTaMi PacdéToB HAOJOAaeTCs B (DOpMe JIMHUI PE30HAHCOB.

[1] O. Yu. Andreev, L. Labzowsky, G. Plunien, D. Solovyev, Phys. Rep. 455, 135 (2008)
[2] O. Yu. Andreev, L. N. Labzowsky, A. V. Prigorovsky, Phys. Rev. A 80, 042514 (2009)
[3] O. Yu. Andreev, L. N. Labzowsky, A. V. Prigorovsky, Phys. Rev. A 83, 064501 (2011)
[4] C. Brandau, C. Kozhuharov, A. Miiller et al. J. Phys.: Conf. Ser. 58, 81 (2007)

[5] D. Bernhardt, C. Brandau, Z. Harman et al. Phys. Rev. A 83, 020701(R) (2011)

[6] V. V. Karasiov, L. N. Labzowsky, A. V. Nefiodov et al., Phys. Lett. A 161, 453 (1992)
[7] S. Zakowicz, W. Scheid, N. Griin, J. Phys. B 37, 131 (2004)
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IIpenu3uonHoe onpejesienne napamerpoB CrangapTHoit Moaenan
Ha BAK

A.B. Apb6ysos, /1.1O. Bapaun, C.I'. Bornapenko, JI.B. Kaaunosckas
P.P. Cagpikos, I1.X. Xpucrosa

OUsdHn, Xoruo-Kropu 6, /lyora, 141980, Poccus

OCHOBHBIM pe3y/IbTaToM (PU3MUYECKOI TPOrpaMMBbl 3JICKTPOH-TI03uTporHoro ete™ LEP
CTaJI0 yCTaHOBJIeHUE (haKTa OUYe€Hb XOPOIIEro COBIAJICHUS HAOIIOIAEMbBIX JTAHHBIX C TIPE/I-
ckazaHusaMu crangapTHoit Mojgesn (CM) u BBICOKOTOYHOE Ope/ie/ieHne 3HAUEHUIT ee Ta-
pamerpoB. B nacrogiiee Bpems nposepka CM u monck HOBBIX (PUBNUIECKUX SBJIEHUI ITPO-
JIOJIKAIOTCs Tipu 6oJiee BBICOKUX SHEPrusx Ha BoJsbimom ajgpornom kosuiaitiepe (BAK).
Ha 3aBepmmuBiiem cBoio paboTy IMPOTOH-aHTU-TIPOTOHHOM KoJuiaiijaepe Tevatron macca u
HIIPHUHA 3JeKTpocaaboro W-6030Ha ObLIN U3MeEPEHbl ¢ TOYHOCTHIO, BBIIIE TOM, 9TO ObLIA
nocrurayta Ha LEP [1]. 910 gokaspiBaer IpUHIUNTATIBHY O BOBMOXKHOCTD BEICOKOTOUHBIX
ucciaenosanuii Ha BAK.

Ipymnoit SANC B OMAN paspaborana komibioTepHasi cucreMa [2|, mpeHasHaYeH-
Hasl JIJIg TOCTPOEHUS TPEIU3NOHHBIX TEOPETUIECKUX MPEJICKA3AHUN I IKCIEPUMEHTOB
Ha KoJutaiijiepax B pamMkax CM ¢ MOJTHBIM y4IeTOM OJTHOTIET/IEBBIX 31eKTpociadbix u KX I
pajmanuoHHbx monpaBok. ['pymnma SANC akTUBHO y4acTBYeT B OCYIIECTBJIEHUH TEOPe-
THYECKOI TOJIJIEPYKKU ONBITOB 10 M3YYEHUIO MPOIECCOB C YYaCTUEM IJIEKTPOCIaObIX /-
u W-6030H0B [3], 6030na Xurrca u rorn-ksapka. Ocoboe BHUMAHUE YJIJISETCsT IPOIECcaM
tuna penna-dua, T.e. oqunoanoro poxjienus Z- u W-6030u0B. TouHOCTH onucanus 3TuxX
IIPOIECCOB UCKJIIOYUTE/IHHO BaXKHA, TIOCKOIBKY OHU UCIIOJIb3YIOTCH JIJIsi MOHUTOPUHTA CBe-
THUMOCTH YCKODHUTEJS, W3BJIeUYeHNs IIJIOTHOCTE MapTOHHBIX PAaCIpeieIeHIil, n3MepeHnst
MacC W IIUPUH 9TUX OO30HOB, KaJUOPOBKHU JIeTeKTOPOB u J.p. llpeinckazanus CM s
9TUX IMIPOIECCOB HYXKHBI U B 00JIACTH TEPeJaHHbIX UMITYJILCOB Hopsiiika 1 T5B u Oouee,
r7Ie OYKUJIAIOTCS BKJIAJIbl HOBBIX B3aUMO/IEHCTBUi. 3a [IOC/Ie/IHIE T'O/Ibl TOYHOCTb TEOPETH-
YeCKOT'0 ONMUCAHUS ITUX ITPOIECCOB CYIIECTBEHHOTO YJIYUIIMIACH 3& CUYET KOMILIEKCHOTO
ydeTa BKJIAJOB PAJUAIlOHHBIX TONpaBoK (B a1ekTpociaaboii Teopun, KO u KXJT), ad-
(bekToB Macc KBApKOB, HAPTOHHBIX JIMBHEl W T.JI., OHA OlleHMBaercsa Ha yposhe 2% |[4].
Ob6cyzkaroTcs TpodeMbl, KOTOPble HeOOXO/IMMO PEIUTDH JIJIsl TOBBIIIEHUS TOYHOCTH JI0
TOit, UTO OyjIeT aJleKBaTHA IJIAHUPYEMOil OrpenHoCcTH IKcrepuMenTa B 1%.

Uccnenoanus mo mpoekty SANC nomep:xkanbt rpantom PODOU 10-02-01295-a.

[1] [Tevatron Electroweak Working Group and CDF and DO Collaboration],
arXiv:0908.1374 |hep-ex|; arXiv:1003.2826 [hep-ex].

[2] A. Andonov et al., Comput. Phys. Commun. 174 (2006) 481.

[3] A. Arbuzov et al., Eur. Phys. J. C 46 (2006) 407; ibid. 54 (2008) 451; A. Andonov
et al., Phys. Atom. Nucl. 73 (2010) 1810.

[4] N. Adam, V. Halyo and S.A. Yost, JHEP 1011 (2010) 074.
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IIpenusnonnas crnekrpockormsa HDT B ca1abbIx BHEIIHUX IOJIAX

J1. Bakasnos?®, B.J1. Kopo6os®, C. IIIusiep®

* UANAD — BAH, Cogus, Borzapus
b BJIT® OUAHN, /Ty6ona, PO
¢ Vnusepcumem X.Xetine, rocceavdopdp, Iepmanus

[TpenusnonHas CIIEKTPOCKOINS MOJIEKY/IpHoro nona H D™ crasut nepen coboii psi
aMOMITO3HBIX Tiesteil: (a) mpoBepka mnpenckasannit KO/l cBA3aHHBIX COCTOSIHUIT TpeX da-
CTHUII ¢ BBICOKOH TOYHOCTBIO; (6) yJIydIlleHne TOYHOCTH YUCJIEHHBIX 3HAYEHUIT OTHOIIEHMs
MacChl TIPOTOHA ¥ JIEHTPOHA K MAaCcce 3JIeKTPOHA, U (B) MPOBEPKA MOCTOSHCTBA BO BPEMEHU
dbyHIaMeHTaTbHBIX (PU3NIECKUX KOHCTAHT [1].

st joctuykennst TpedyeMoil TOYHOCTH U3MEPEHMsT PE30HAHCHBIX YACTOT UHJIYIUPYe-
MBIX JIA3€POM IIePeXoa0B MexK 1y yposHsaymu HDT neobxomumo, napay ¢ adpdexranm KT
BBICIIIBIX TIOPSJIKOB, TPUHATH BO BHUMAaHUE U 3(DPEKTHI BHEITHUX MATHUTHBIX U 3JIEKTPU-
YeCKUX I0JIefl, IPUCYTCTBYIONNX W3-3a HETIOJHOM SKPAaHUPOBKY WJIM CBI3aHHBIX C UCTIOJIb-
3yeMbIMHU JIOBYIIIKaMu. B pabore mpoBeieno ncciegoBanue cueKTpoB F1-mepexo/ioB MexK-
J1y HUZKHUMHU KOJie0aTe/ IbHO-BPaIaTe/ IbHBIMI BO30YK/IEHHBIME YPOBHSIMU B IIPUCYTCTBUN
OPUEHTHPOBAHHBIX ITPOU3BOJILHBIM 00PA30M MOCTOSHHBIX MArHUTHOTO U JIEKTPUIECKOTO
1oJIeil, ¢ y4eTOM CBEPXTOHKOI CTPYKTYPHI ypoBHEll. Pe3y/ibTaThl, IPONLIIOCTPUPOBAHHDBIE
Ha Puc.1, saBistiorest 06001eHeM pe3yabTaToB pabor (2, 3.

63 ©11)>(011) 63
(012)>(012), (111)->(120)

60 M,,: (010)>(011) - 60

M, (011)>(012)
N
- I
stretched, o =
0=nl2 _~ 2
o
=
>

571 M, (012)>(013)

(121)->(122)

M, (111)>(112)
M,: (112)->(113)
M, (101)>(102)
M, (123)->(124)

. (11)->(111) ——— — —
20 (123)>(123) e — = 2

M, (122)->(123)

ViV MHz

o

-30 M, (121)>(121) = .30
M, (110)>(111)  ——t

40 B>O’ 6=0 -40
M,: (122)->(122) -
50} 1 \ 1%

T, arbitrary units 5Magnetic field é?e

. . (Lt) ¢ 7
Puc. 1: Cnesa: Unrencusrocts 1}/, 1, HECKOJIBKUX ‘CUIBHBIX KOMIIOHEHT JINHHUH IIepe-
xona (v, L) = (0,1) — (4,2). Cupasa: wactoret uauit My, ..., Miy B nepexogax ¢ AJ, =0

KaK beHKHI/H/I HallpA>KEHHOCTHU B BHenHero MaruuTHOI'O II0JISI.

[1] T. Schneider, et al. Nature Physics 6, 275 (2010).

[2] D. Bakalov, V.I. Korobov, S. Schiller, J. Phys. B: At. Mol. Opt. Phys. 44, 025003
(2011).

[3] D. Bakalov, V.I. Korobov, S. Schiller, Phys. Rev. A 82, 055401 (2010).

14



HenokanpHbIiT OTHOYACTUYHBIA MOTEHINAJ IJIsd y4eTa
KBAaHTOBO3JIEKTPOJIUHAMNYECKUX MMONPaBOK.

E.B. Bepcenena

Canxm-Ilemepbypecrxut Tocydapcmeennoili Yrusepcumem
Kagedpa K6aHmMoBot MEXAHUKY

B nanHoit paboTe 1peioyKeH HOBbIH 0JITHOYaCTUYIHBIN HEJIOKAJIbHBIIN ITOTEHIINAJT, KOTO-
PBIii MOXKET OBITH UCIO/IB30BAH B pacdeTax dJIEKTPOHHON CTPYKTYPhI HEATPaIbHBIX aTo-
MOB ¥ MHOTI'03apsIIHBIX MOHOB OJTHOKOH(MUTYPAITMOHHBIMUA U MHOTOKOHMUTYPAITMOHHBIMH
penaruBucTckuMu Metonamu Jlupaka-@oka g ydera KBaHTOBOIJIEKTPOIMHAMIYIECKIX
(K9/1) monpasok. HesloKa/IbHBINH MOTEHIMAI [TPEJICTABIEH B BIJIE CYMMbI JIOKAJILHOM Ya-
cT, BRIIOUakoIieit B cebs norennuas HOumura , u cenmapabesbHOro (KOHEIHOMEDPHOTO) TI0-
TeHIa a. B KadecTBe JIOKAJbHOW 9acTH MOYKET OBITh MCIOJIb30BaH JIIOOOH TOIXOIAIIII
JIOKAJIBHBII [TOTEHIMA, TIpeJICTaBIeHHbIi B uTeparype (B wactHoctn [1,2]). Jobasienue
cenapabeIbHOTO MOTEHIINA A T03BOJISIET B TOYHOCTH Bociponsectu K/ monpasku i1
BOJIOPO/IOTIOI00HBIX MOHOB, BKJIIOYast 15-5s, 2p-5p u 3d-5d cocrosguus. C ucnoyib30BaHuEM
IIPE/IJIOYKEHHOT0 TIOTEHITNAIa TTPOBeJIeH Pl pacdeToB MeTogoM Jlupaka-Poka mMHOr03a-
PAIHBIX HOHOB W HEHTPAaJIbHBIX aTOMOB.

[1] V.V. Flambaum and J.S.M. Ginges, Phys. Rev., 72, 052115 (2005).

[2] T.A. Welton, Phys. Rev. 74, 1157 (1948).
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3axBaT JIByX 3JIEKTPOHOB T'OJIBIM SIIPOM

E.A. Yeprosckaa®, O.JO. Anmpees?, JI.H. Jla63oBckmii®®

* Quauveckuli gaxysvmem, Canxm-Ilemepbypecruti 20cydapcmeennvili YHUBEPCUMEM,
b [Temepbypecruti uncmumym adepnoti dusuru

[Ipomece paauarmonHoro JBoitHoro 3axsara 37ekTpoHoB (P/I39) rosbiM siapom 10-
BOJIBHO JIABHO HCCJIE/IyeTCst SKcrepuMeHTanbto (1, 2, 3| u teopermyecku [4, 5, 6, 8. Ho
CUX IIOD UMeEETCAd pacCXOoxKIAeHne MEKAYy IKCIICPUMEHTOM K1 TeOpI/Ieﬁ.

B mporecce P/I39 navgaibHOE cOCTOsTHE XapaKTepU3yeTcs JABYMs 9JIeKTPOHAMHI CILIOII-
HOTO CIIEKTPa €~ C OJIMHAKOBOi1 sHeprueif (¢) u rossv aupom X A+ (rne Z — zapsn aupa),
KOHEYHOE COCTOSHHIE — 3T0 AByx3sekrTponnsli non X 4~2%(1s1s) u ucnymennsiii dporon
v(w) cormacno cxeme: 2e”(€) + XA+ — X =2+ (151s) 4+ v(w).

Hns pacaera nporecca P39 6bu1 npumenen meros koutypa jauann (MKJT) [7]. Tpu
BBIUUC/IEHUN cedeHust (8] oHa U3 IJIOTHOCTEN 3JIeKTPOHOB (OTBEYAIONINX OJHOMY U BTO-
POMY 3JIEKTPOHY) COKPAINAETCS € TAKOW Ke IJIOTHOCTHIO MPU JIEJIEHUN Ha 3JIEKTPOHHBIN
notok. OcraBIasicsi MJIOTHOCTH (IIPH OIIPEJICIEHHON HOPMUPOBKE COJIEpIKAIasi MAJIOCTh )
COKPAIAETCH MPU yUeTe B3AMMOJIEHCTBUSA JIBYXJIEKTPOHHON KOH(UIYpaIluu, OIUCHIBAIO-
el HavdaJIbHOE COCTOSIHUE, C JIBYXJIEKTPOHHOU KOHMUIyparmeii, coaepxxKarieit 1s a/ek-
TPOH U OJIUH CBOOOJIHBIN 9JIEKTPOH € (ero SHeprusi ONpPeIeJISeTcs U3: &, + £, = €15 + é‘g).
Cucrema paccMaTpuBaJjach 3aKII0UEHHON B cepy OoJbIoro pajmyca R, 3To 1m03BOJIH-
JIO AHAJIMTUYIECKU BBIJIEINTD ONMCAHHBIE HEOIPEJIEJIEHHOCTH U B34Th 1peaesa R — oo, mpu
9TOM MbI YIUTBIBAJIN MOPABKU HA 00MeH oHIUM (OTOHOM BO Beex nopsiakax K9/1 reopun
BO3MYIIICHUNA.

[Iposeenen pacder cevennnst P39 myis rosbix smep Kuciaopoaa, a3ora n ypana. [lo-
Jaydennble cedennns P13 cpaBHUBAIOTCA ¢ SKCIEpUMEHTAJbHBIME JaHHbIME |1, 2) 3| u
TEOPETUIECKUM pacdeToM [5].

[1] A. Warczak et al., Nucl. Instrum. Methods Phys. Res. Sect. B 98 (1995) 303.

[2] G. Bednarz et al., Nucl. Instr. Meth. Phys. Res. B 205 (2003) 573

[3] A. Simon, A. Warczak, T. ElKafrawy, J. A. Tanis, Phys. Rev. Lett. 104 (2010) 123001
[4] V. L. Yakhontov, M. Ya. Amusia, Phys. Rev. A 55, (1997) 1925

[5] A.I. Mikchailov, I. A. Mikhailov, A. Nefiodov, G. Plunin, and G. Soff, Physics Letters
A 328 (2004) 350

[6] A. B. Voitkiv, B. Najjari, N. Toshima, and J. Ullrich, J. Phys. B 39 (2006) 3403

[7] O. Yu. Andreev, L. N. Labzowsky, G. Plunien, and D. A. Solovyev, Phys. Rep. 455
(2008) 135

[8] E. A. Chernovskaya, O. Yu. Andreev, and L. N. Labzowsky, ArXiv 1110.4791v1 (2011)
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On calculation of hadron contributions to the muon anomalous
magnetic moment g—2

A.E. Dorokhov?, A.E. Radzhabov®, A.S. Zhevlakov®

@ Bogoliubov Laboratory of Theoretical Physics, JINR, 141980 Dubna, Russia,
b Institute for System Dynamics and Control Theory, 664033 Irkutsk, Russia

The light-by-light contribution to the anomalous magnetic moment of muon (g — 2),
from the hadronic exchanges in the neutral pseudoscalar meson channel is calculated
in the nonlocal chiral quark model. The full kinematic dependence of the meson-two-
photon vertices from the virtualities of the mesons and photons is taken into account.
It is demonstrated that the effect of the full kinematic dependence in the meson-photon
vertices is to reduce the contribution of pseudoscalar exchanges comparing with the most
of previous estimates and the result is a;;>"*" = (5.8540.87) - 107", The status of various
phenomenological and QCD short-distance constraints is discussed and the comparison

with the predictions of other models is performed [1, 2.

[1] A.E. Dorokhov, A.E. Radzhabov and A.S. Zhevlakov, Eur. Phys. J. C 71 (2011) 1702

[2] A.C. Zhevlakov, A.E. Radzhabov and A.E. Dorokhov, Russ. Phys. J. 53 (2010) 625
[Izv. Vuz. Fiz. 6 (2010) 75].
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NHTeHcuBHBIE U 9KCTE€HCUBHbBIE ImoJidpm3anmum B
QJIEKTpPOTOpOMarHeTn3mMe.

B.M. Hy6osuk, E.H. JlyboBuk
JIATO OUAN

NzBectHO, UTO B 97IEKTPOMArHETU3ME [IPUMEHSIOTCS JIBE OCHOBHDBIE CHCTEMBbI €JIIHIL:
MKC u cucrema Xesucaiina-/lopenna. Ouu MoryT ObITh paroHaIM30BaHbl. B coorTBeT-
CTBUU C YeTHIPEXMEPHOCTHIO 6asuca JUIOJIBHBIX MOMEHTOB [l]| TOCTpOeH 3JIeKTpOTOpO-
marHerusMm (ganee DTM), B koropom kpome P u M, BOZHUKAIOT ellle jiBa BEKTOPa T0JIsI-
pU3aIuu: TOPOUHAsl ToJisipu3alis MaruuTHoro tuna (T™) u TopouHast TMOJISIPU3AII
sstekrpudeckoro tuna (T€). B ypaBaenusx 9TM B TepMuHax MOTEHIINAIOB, HATTOMUHATO-
mux 1o (opMe ypaBHEHNUS ¢ HAJIMINEM MArHUTHBIX 3apsiJI0B, COJEPZKATC eIne /1Ba (1ceB-
JI0)CKAJISIPHBIX TIOJIsT U JiBa (IICEBJI0)CKAIAPHBIX ucTounnKa. B 9TM mnomosHuTebHO K
pa3MepHBIM KOHCTAHTAM, CBA3BIBAIOIIUM JIEKTPUUYCCKYIO ¥ MATCHUTHYIO TOJIAPU3AINANA C
COOTBETCTBYIONINMH HAIPSIKEHHOCTAMU T0JIEil, BBOJAATCS JIBE€ aHAJOTUYHBIE CBS3U JIJI
TOPOUJIHBIX HOJIAPUIAINNA FJIEKTPUIECKOTO ¥ MArHUTHOTO TUIIOB.

[TepBoie mombiTKN pazobparbes B "meperuierennn' deTbIpex MOJSIPU3AINAN ObLIN Cl1e-
nasbl eme B paborax B.JI. ['mus6ypra [2].

B 9TM ¢ nepeMeHHBIME TTOJIIME HEPAPXUST ITUX KOHCTAHT CyIIECTBEHHO YCIOKHIETCS,
He TOBODs y2Ke 0 HeJinHeHbIX 0000menusx DTM [3] . O6cyxkaioTcs BapuaHThbl BBEIEHUs
9TUX KOHCTAHT, UX Pa3MEPHOCTh M HEOOXOJIMMOCTb YHUMHUIMPOBAHHOTO PENIEHUs ITUX
pobJieM, TOHATHIX BiiepBble B pamkax DTM.

HarassgabivM mpruMepoM MOKET CIy>KATh HeIaBHO BBeAEHHBIN "MymbTudepponk" : KoM-
Gunarnus nosspusaiuii P, M, T™ Ha rpansx Kpucraamorpadudeckoii saeiiku(c yaerom
cymecrsoBanust T 110106HbIX KOMOUHAIMIT emé Tpu!). Bosee mpocThiM IpUMepoM sIBJIsI-
eTcs OOBIYHBIH (TI0JIOCKOBBIN) MArHUT (CTPEeIKa KOMIACA), KOTOPBIH M0 COODparKeHUsIM
YCTOMYINBOCTH HaMarHndeHus: oOpasia 00s3aH ObITH TOPOMEPPOMATHETUKOM, a He IIPOCTO
MaraeTukoM. MybTudepponk 00,/1a/1aeT HeOpUEeHTUPOBAHHBIM 00beMoM. CJ1e/10BaTeIbHO,
sJIeMeHTapHast siaeiika Mybrudepponka ob/1a1aeT CBOHCTBAME CKaJISIPHON YacTullbl (Kaxk,
HarpumMep, xurre). deiika ncesaomyabrudepponka, T.e. Habop nosgpuzanuit M, T, T™,
[IPOSIBJIsIET CBOMCTBA HEWTPAJIBLHOIO IMMOHA WJIU IICEeBIOCKAJIAPHOrO xurrca. Herpupnasib-
HBIMU KOOMHAIUSMU CUMMETPU 00/1a/IaI0T JUHAMUYECKUAE CUCTEMbI THIIA AHAIIOJIbHBIX.

[1] V.M. Dubovik, V.V. Tugushev, Phys. Rep., 187, (1990) 146.

[2] B.JI. T'uns6ypr, Nse. BY3os, Pagnodusuka XXVII 7 (1984) 815; ibid., XXVIII 10
(1985) 1211.

[3] V.M. Dubovik, M.A. Martsenyuk, B. Saha, Phys.Rev. E 61 (2000) 7087.
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JIsmOa-4iieH KakK BTopast PyHJaMeHTaJIbHass KOHCTAHTa
B I'PABUTAIMOHHON (pu3umKe

FO.B. Tymun

Mazx Planck Institute, Noethnitzer Str. 38, 01187 Dresden, Germany
U3MUPAH, 2. Tpouux, Mockosckasn 06a., 142190 Poccus

B mnocnennee necsatuiierne craJio oOMIENPU3HAHHBIM, UTO JIJIsi OIUCAHUS I'DaBUTAIIN-
OHHBIX $IBJICHHI Ha OOIbIMX (KOCMOJIOIMYIECKHX) MACIITa0ax HEOOXOMMO NCIOIB30BATh
ypaBHEeHUS OOITeil TEOPUN OTHOCUTEHFHOCTH C yIETOM He TOJBKO ODIEN3BECTHO ITOCTO-
siHHOM TaAroTeHust (G, HO M “KOCMOJIOTMYeCKOi” MOCTOAHHON A, accoruupyeMoii ¢ Tak Ha-
3bIBAEMOI “TeMHOIl sHEpTHEil’.

Crestyer oTMeTUTh, 9TO ¢ (hOPMATIBLHO TEOPETUYIECKON TOUKM 3PEHUs MOsIBJICHUE B 3a-
KOHE TPABUTAIIMOHHOIO B3aAMMOJICHCTBUS JOMOJTHATEIbHON (DYHIaAMEHTATLHON KOHCTAHTHI
BOBCE HE SABJIAETCS 9€M-TO FK30TUIECKUM. DTO — €CTECTBEHHOE CJIEJICTBHE TOTO (haKTa, ITO
B JIarpaHKUaHe TPABUTAIMOHHOTO IOJId HAPs/ly C JUHEHHBIM 110 KpUBU3HE [ craraeMbIM
HY?KHO €Il YIUTBIBATH, BOOOIIE TOBOPs, M CBOOO/HBI (He 3aBucsiuii or R) «ieH, BXo-
JIAIIAI CO CBOMM COOCTBEHHBIM KO(MDMUIIMEHTOM. DTUM 00IIast TeOPHUs OTHOCUTEILHOCTH
CYIIECTBEHHO OTJIMYAETCH OT JIPYTUX (PUBMIECKUX TeOpUil, (pOPMYIUPYEMBIX B ILIIOCKOM
IIPOCTPAHCTBE-BPEMEHH, IJIe BKJIa T CBOOOTHOTO HJIeHA B JIATDAHKUAH TPUBUAJIEH.

Hamee, roBopst 00 uctopun MosiBIeHUsT A-/IeHa, CJIe/lyeT YIIOMSHYTh, YTO HA €ro BO3-
MOKHO€E CYyIIECTBOBAHUE BIIEPBbIE OBLIO YKa3aHO, (paKTUYECKH, JaykKe He JUHIITEHHOM,
a Heroronom. A mMeHHO, MCXO/s U3 3aMKHYTOCTH IIJIAHETHBIX OPOUT U TOro (haxTa, UTO
3aMKHYTBIe OPOUTHI BOSHUKAIOT JIUIh [IPH JBIKEHUN B [TOTEHIMAJIAX JBYX BUJIOB — 1/1
u r2, HpIoTOH He MCKTIOYas1, 9TO B 3aKOHE BCEMUPHOTO TATOTEHHS MOMKET CYIeCTBOBATD
HOIpPaBKa BTOPOro THulia. JIF060ILITHO, 9T0 IMEHHO TaKoe JIOHOJHUTEILHOE ciaraemoe Ar?
onL10 ostydeno B 1918 1. KortiiepoM B MeTpuKe, SIBIIOINIEiCS pelieHueM ypaBHeHUl DitH-
mITeifHa, Jiist TOYeIHON TATOTeoIeil Macchl ¢ yaeToM A-djeHa.

Ucropus npumenenns: A-wieHa B HAOIIOAATE/IBHON KOCMOJIOTHH JIEMOHCTPUPYET I1e-
JIYIO cepHio “B3jieToB U najenuit’. Hermocpeicrenno mociie co3anus ooIeil Teopun OTHO-
CUTEIHLHOCTH A-dJIeH paccMaTpuBajics UHIITEHHOM, KAK COBEPIIIEHHO HEOOXOIMMBIN KOM-
[IOHEHT KOCMOJIOIMYECKOM MOJIeN, 00eCIeunBaIoNuil ee cTalnoHapHoCcTh. OHAKO MO3]1-
Hee, 1mocjie OTKpbITHa Xab0soMm sdderTa paszderanus rajgakTHK, XOPOIIO YKJIAIbIBAIO-
IErocsd B paMKU HECTAIMOHAPHOTO (hPUJIMAHOBCKOTO PEIIEHUd, STOT apr'yMEHT IepecTall
OBITH aKTya bHBIM. Bozpoxkenne maTepeca K A-djieny Hadagoch B 1970-e rojabl B ¢Bs3u
C TIONBITKAMH WHTEPIIPETAINN HEKOTOPBIX HAOJIOMATETbHBIX PE3YIbTATOB 110 pPacIIpe/ie-
JIEHUIO KBa3apOB B 3aBUCHUMOCTH OT KPACHOI'O CMEIIEHHs. JTOT MHTEPEC MEJJIEHHO, HO
HEYKJIOHHO ycuinBaJjicsd Ha nporskennn 80-x u 90-x roJloB B pamMKax padoOT IO ITOCTPO-
€HMIO CaMOCOIJIACOBAHHOI KocMoJiormdeckoit mojenu. Hakoner, B camom konie 1990-x
n nagasie 2000-x T10JI0B ObLIM TIOJIyYeHbI YO UTE/IbHbIE CBHUJIETETLCTBA 00 YCKOPEHHOM
pacmupennn BcesleHHOI, BBITEKAIONNE KaK 3 HEMOCPEICTBEHHOTO HAOIOJIEHNS pacipe-
JieJIEHUs] CBEPXHOBBIX TUIIA [a B 3aBUCHUMOCTH OT PACCTOSHUSA, TaK U U3 aHAJIN3a SBOJIIOINN
KPYITHOMACIITAOHBIX KOCMOJIOTMYECKUX BO3MYIIEHUN, OCHOBAHHOTO HA U3MEPEHUH (DIIyK-
Tyalnuit aHU30TPOITUU MUKPOBOJIHOBOTO KOCMUYECKOTO (hora. VMeHHO 1MOCse 9Toro HaJjm-
qne A-djieHa cTajio paccMaTpUBATHCH KaK HAJIE?KHO YCTAHOBJICHHBIN (pusndecKuii haxr.
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A iponnast nosisipusanusa Bakyyma u o M2)

C.U. Ditneapman®?

@ Uncmumym sadeproti usury um. I.H. Bydkepa CO PAH, Hosocubupck
b Hosocubupcruii 2ocydapemeennviti ynusepcumem, Hosocubupcex

Kaxk morkHO 60J1€€ TO'HOE 3HAHNE 3HAYEHUS [IOCTOSTHHOW TOHKON CTPYKTYPHBI IIPHU SHEP-
rum, paBHoil Macce Z-6030na, o (M%), BazKHO yig Npelu3noHHbIX TecToB CTaHjIapTHOI
Mogesin. OcHOBHOM BKJIa ] B HEOIPEJEJIEHHOCTh BHOCUT aJIPOHHAS MOJISIPU3AIIN BaKyy-
ma [1]. Jljist ee OleHKY TPUXOIUTCS MCIOJIB30BAThH SKCIIEPUMEHTAJbHbBIE JIAHHbBIE 10 OTHO-
HIEHUIO MTOJIHOTO CeYeHus e e” aHHUIUIIUU B aJPOHbI K CEYEHUIO aHHUTUIISIAN B TIapy
MIOOHOB R, mpuyeM OCHOBHOI BKJIaJ] BHOCUT 00JIACTb CPABHUTEJILHO HEBBICOKHX HED-
ruit j1o ~ 5 [B. PeajibHO BBIUMC/IEHNIO TAKMM 00pPa30M IOJJIEXKUT aJIPOHHBIN BKJIA]T
OT b JIErKUX KBapKOB Aa}(i)d(M 2) (BKyas t-KBapKa NpPeHEOPEXKUMO Mas) B CJBUT 3Ha-
YeHUdA MOCTOAHHONW TOHKOW CTPYKTYPBLI OT TOMCOHOBCKOTO Ipejesa 0 Macchl Z-0030Ha
Aa=1—a/a(M2).

3aMeTHBIIl IPOTpecc B TOYHOCTU u3MepeHus R, JIOCTUTHYTBIH B SKCIEPUMEHTaX IO
eTe” annuruiasAnuy B aapoust B Hosocubupceke (2], Ilexune |3, 4] u Koprese [5], mossostu
3aMETHO YTOYHHUTHL BEJIUIMHY Aa}(li)d(M%) 110 CpaBHEHUIO ¢ cuTyanueil B Hadase 90-bIx
rojoB, cM. Tabm. 1.

I'pynna Aozﬁ;)d(M 2), 107 Ccbuika
S.Eidelman and F.Jegerlehner 280 £ 7 [1]
M.Davier et al. 275.7+ 1.0 6]
H.Burkhardt and B.Pietrzyk 275.0 + 3.3 [7]
K.Hagiwara et al. 276.26 + 1.38 8]

Tabsuna 1: Hejasaue BurauceHust Aoz}(lz)d(M 2)

[1] S. Eidelman and F. Jegerlehner, Z. Phys. C 67, 585 (1995).

[2] I.B. Logashenko, Nucl. Phys. B (Proc. Suppl.) 162, 13 (2006).
3] J.Z. Bai et al., Phys. Rev. Lett. 84, 594 (2000).

[4] J.Z. Bai et al., Phys. Rev. Lett. 88, 101802 (2002).

[5] D. Cronin-Hennessey et al., Phys. Rev. D 80, 072001 (2009).

[6] M. Davier et al., Eur. Phys. J. C 71:1515 (2011).

[7] H. Burkhardt and B. Pietrzyk, Phys. Rev. D 84, 037502 (2011).
[8] K. Hagiwara et al., J. Phys. G 38, 085003 (2011).
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CMD-3 detector and preliminary results of the luminosity
measurement at ete” collider VEPP-2000

G.V. Fedotovich
Budker Institute of Nuclear Physics, 630090, Novosibirsk, Russia

CMD-3 detector for experiments at eTe~ collider VEPP-2000 is described in detail.
One of the main physical task is to measure the hadronic cross sections in the energy
region up to 2 GeV in cms. The integrated luminosity about 20 inverse picobarn was
collected in the last physical run. The luminosity was measured using two processes:
ete” — ete™, vy that allowed to push down the systematic error to the level ~1%. The
preliminary results for cross sections of some channels e™e™ annihilation into hadrons are
presented.
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Bpainenue myabcapoB

H.P. Uxcanos

Tnasnan (llyaxosckasn) acmpornomuneckasn obcepsamopus PAH

[Tysbcapbl TpeACTaBIAIOT CODOI HENTPOHHBIE 3BE3/IbI, 001 IAI0NINEe CHILHBIM MAaTHUT-
HBIM TI0JIEM U 3HAYUTE/IHLHON SHeprueil oceBoro Bpaiienus. [enepupyemMoe UMu U3y YeHue
00YCJIOBJIEHO TIPOIECCAME HETEILJIOBOTO SHEPTOBBIIE/IEHUS, TPOUCXO/ISINErO B JIOKATbHBIX
obsactax marauTocdepst. [lynbcupyoniuit xapakTep UCIyCKAeMOTO UMU M3JIyUeHus 00b-
SICHSIETCSL OCODEHHOCTSIMU T€OMETPUU CUCTEMBI “3B€3/a—MarHUTHOE T10J1€” 1 aHU30TPOINeit
JMarpaMMbl HaIIPABJIEHHOCTU. BBhICOKasi cTaOMILHOCTD IIYJIBCAIUN SIBJISETCS CJIECTBAEM
OOJIBINTON BETMINHBI MOMEHTA BpAIeHNs HEHTPOHHBIX 3BE3J] M UX OTHOCHTETHBHO MAJIOTO
pasMepa, UTO TMO3BOJISIET STUM 3BE3/[aM BPAIATHCA € UCKIIOYATEHLHO KOPOTKUM ME€PHO-
JIOM.

Bwmecte ¢ Tem, ycTOWYMBOCTL OCEBOTO BpAIEHUs] HEHTPOHHBIX 3BE3J] 3aBUCUT OT UX
BO3pacTa, YPaBHEHUsI COCTOSHUSI, XUMUIECKOTO COCTaBa U CTPYKTYPbl MArHUTHOTO IIO-
qsi. Ha pamamx crajusx 3BOJIONNNA HEHTPOHHBIE 3BE3/IbI IOIBEPKEHBI M3MEHEHUIM WX
BHYTPEHHEl CTPYKTYPBI, KOTOPbIE TPUBOJAT K 3HAIUTETLHBIM U MHOTOYUCICHHBIM COOSTM
[IePUO/Ia BPAIEHUs U XAOTUYEeCKUM BapHUaIlUsgM I1€PUOJIa BPAIEHUs MAJION aMILIUTY/IbI.
Haubosee crabusibHBIM BpallleHHeM OTIMYAIOTCS IYJIHCAPbI, BO3PACT KOTOPBIX ITPEBOC-
xomut 10° — 10% ier. B cBoeMm JoKJsaJie g mpejyiaraio 00630p HaOJIOJACMBIX TapaMeTpOB
IIyJICAPOB, 0OCYKIAI0 METObI UX KJIACCH(DUKAIINNA U TEOPETUIECKON MHTEPIIPETAIIHH.
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JIsmOoBCcKUii cABUT B MIOOHHOM BOJOPO/Ie U 3apsiJIOBbIl pajamyc
ITPOTOHA

C. I. Kapmenboiim

Tnasnas (Illyaxosckas) Acmponomuueckan Obcepsamopus PAH,
C-Ilemepbype, Poccus
Max-Planck-Institut fiir Quantenoptik, Garching, Germany

Henmasmo B PSI 6611 6611 TpOBEIEH 9KCIEPUMEHT 0 U3MEPEHUIO JIYMOOBCKOTO C/IBUTA B
MIOOHHOM BOjiopojie [1], B pesysbrare dero 6b1I0 MOy YeHO 3HAUEHUE 3aPsI0BOIO PAJIyCca
[IPOTOHA, C PEKOP/HON TOYHOCTHIO.

K coxanenuto, pesysbrar 1| HaXoauTCSI B IPOTUBOPEYNH € JPYTUMU OIIPE/ICICHUSIMI
9TOI BEJMYUHBI, KOTOPbIE OBLIM ITPOBEJIEHbI paHee MPU ITOMOIY U3MEPEHMI 3JIeKTPOH-
IIPOTOHHOT'O PaCCeTHUs W TPU ITOMOIIYU CIEKTPOCKOIIMU aTOMOB BOJIOpOja. bBosee Toro,
HeJIABHUI SKCIIEPUMEHT 110 PACCesHUIO [2| moATBepaAnsI CcTapyio BEJIMYMHY ¥ HECKOJIBKO
YIIYUIIUJI €€ TOYHOCTD.

B noknase 6ymyT KpUTHYIECKH PACCMOTPEHBI BCE TPU METO/Ia OIIPEJIEICHIS 3aPsi/IOBOTO
paJiryca IpoTOoHA.

Pabora 6bu1a ogaepxana rpaatamu POOU u DFG.

[1] R. Pohl et al., Nature (London) 466, 213 (2010).

[2] J. C. Bernauer et al., Phys. Rev. Lett. 105, 242001 (2010)
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O Pa3JINYHBIX OIIpele/IecHNAX ITOHATHUA MaCCbl 7T-JIEIITOHA

A.JL. Karaes

Hremumym adeprvix uccaedosanuts PAH
117312, Mocxksa, IIpocnexm 60-aemus Oxmsabpsa, 0. 7a

B cBa3u ¢ memaBamMU Hambojiee TOYHLIMU u3MepeHuamu kKoJuraboparmeit KEIP na
9JIeKTPOH-TI03UTpoHHOM yckoputesie BITITI-AM (AP, HoBocnbupek) 3HaUEHUs MOJTOC-
HOM Macchl T-entona m, = (1776.697015 & 0.15) MeV [1]-]2] (cm. Taxske [3]) meranbmo
00CyKIAI0TCs PA3/IMIHbIE TEOPETHIECKUE OIIPE/Ie/IeHNS TOHATHAST MACChI T-JIeITOHA, BKJIIO-
Yasi MOJIFOCHYIO0 MacCy, COOTBETCTBYIOILYIO CXeMe IIEPEHOPMHUPOBOK Ha MacCOBOiT 060JI10UKe,
1 GeryIyto Maccy T-JelToHa, cooTBeTcTByonyio cxeme MS (cm.takske [4]). Paccmarpu-
BAIOTCsI PA3/IMYIHbBIE CIIOCOOBI (DPUKCAIIME MaCIITAOHOIO IapaMerpa, OT KOTOPOro 3aBUCHUT
ompejiesieHne Oeryeir Macchbl Kak B IIPOCTPAHCTBEHHO-II0I00HOM, TaK U B CBETO-T10,I00HOI
obstactsax suepruii. Ciemays padbore 10 OIpeIeIeHIIO CBA3N MKy HOJIOCHBIMU U OEry -
MU MaccaMu TsizKesibix KBapkoB B KX/I B paMkax Teopun Bo3myIenuii [5] mpoBeeHb! pac-
1eThl KO DUITMEHTOB aHAIOTUIHBIX COOTHOIIEHIH MEK/Ty IOJIIOCHON U Oeryimeit Maccoit
T-7enToHa ¢ yderom Bbicimx npubmzkernit K91 [6]. CraBurest Borpoc o 1iemecoobpas-
HOCTHU OIpeJeeHUs BKJIaJla B PaCCMaTPUBAEMOE TEOPETHIECKOE COOTHOIIeHHE (D PEKTOB
CUJIbHBIX B3aUMOJICHCTBUIl U B IEPBYIO odepeib, 3(hdeKTOB aJpOHHON MOISTPU3AIIT Ba-
kyyma. [IpojgemoncrpupoBana HEOOXO[IUMOCTD TOCICIOBATE/ILHOIO yUueTa HAalIeHHBIX B
pabote [7] “kunemarnueckux” T -UJIEHOB B COOTHOMIEHHSAX MEZKJLy MOJIOCHON Maccoil 7-
JIENITOHA 1 Oeryieil Maccoit T-JelTOHa W BO3MOXKHOCTH WX IT€PECYMMUPOBAHUS CJIEITYsI
paccmorpenuto pabor [8], [9] B mepByio odepejib B MOJIHOf MIUPUHE paciajia UILyIIerocs
na xosutaitepe LHC (IIEPH, ZKenesa) sierkoro HeiirpajibHOro 6030Ha Xurrca Ha mnapy
71 T7-J1enTOHOB.

Jloxaj mogroroBien npu gpuHaHcoBoit nomaepxkke ['panta POOU N 11-02-00112.

[1] V.V. Anashin et al., JETP Lett. 85 (2007) 347.

[2] A.G. Shamov et al., Nucl. Phys. Proc. Suppl. 189 (2009) 21.

[3] S.I. Eidelman et al. [KEDR Collaboration|, Nucl. Phys. Proc. Suppl. 218 (2011) 155.
[4] Z.Z. Xing, H. Zhang and S. Zhou, Phys. Rev. D 77 (2008) 113016.

[5] A.L. Kataev and V.T. Kim, Phys. Part. Nucl. 41 (2010) 946.

[6] A.L. Kataev, V.T. Kim and G. Parente, work in progress (2011)

[7] K.G. Chetyrkin, B.A. Kniehl and A. Sirlin, Phys. Lett. B 402 (1997) 3509.

[8] S.G. Gorishny, A.L. Kataev and S.A. Larin, Sov. J. Nucl. Phys. 40 (1984) 329 [Yad.
Fiz. 40 (1984) 517].

[9] D.J. Broadhurst, A.L. Kataev and C.J. Maxwell, Nucl. Phys. B 592 (2001) 247.
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Bethe Logarithm Calculations

V.I. Korobov

BLTP, Joint Institute for Nuclear Research
141980, Dubna, Russia

In this contribution we would like to present a modified version of Schwartz’s method
[1] for the Bethe logarithm calculations. That means that we are using the standard
velocity gauge formalism. Still full diagonalization is performed for a matrix of interme-
diate states with optimization, which provides the best value for an integral of J(k) on
the interval of k& € [0,A]. Here A is a cut-off parameter separating low and high energy
photons.

Extrapolation procedure is improved by direct calculation of the coefficient C'3 in the
asymptotic expansion

J(k) = ]1 <J2> - Z > ziz <ZZ - Zj>2 (0(ri5))

i>j My
4 % 2 \°
_ﬁ = 222292 (ﬂ’LZ - TTL]]> (\/m + Zi 25 M4 Ink + Cg) <(5(I‘”>> + ...

which may be expressed in term of expectation values of some singular operators, such as
a distribution (1/r%).
The results obtained in this way for the helium ground state

Bre = 4.37016022306(2)
and for the ground state of HJ molecular ion
ﬁH; = 3.012230334(1)

are the best by now. We show that one of the limitations in getting better precision is
the initial state accuracy, and convergence over the basis size of the initial state has to be
studied as well.

The major aim of this study is to use the ideas of this approach to improve the accuracy
of calculations for the relativistic Bethe logarithms in case of the two-center problem.

[1] C. Schwartz, Phys. Rev. 123 1700 (1961).
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To4yHoe 10 OTHOHMIEHUIO MACC BbIYMCJIEHUE BKJIAJIa TOJITPU3AIAN
BakyyMa nopsgaka o(Za)*mec? B MiooHHOM Bojopojie

E.IO. Kopsunun?, B.I'. Usanos®, C.I'. Kapmen6oim®*

® BHUUM um. JI.U. Mendeneesa, C-Ilemepbype, Poccus
b Inasnas (Iyaxoscrkas) Acmponomuneckas Obcepsamopus PAH,
C-Ilemepoype, Poccus
¢ Max-Planck-Institut fur Quantenoptik, Garching, Germany

B cBsi3u ¢ ycnentsHbiM 3aBepiiieHneM KCIIEPUMEHTOB 10 H3MEPEHUIO JIXMOOBCKOTO C/IBH-
ra B MIOOHHOM BOJIOPOJIe U JiefiTepun BOSHUK/Ia HEOOXOAMMOCTh HAJIEXKHO MTPOBEPKU CO-
OTBETCTBYIOIIUX TEOPETUIECKUX PACYeTOB. DTa paboTa SIBISETCS YacThiO IJIAaHOMEPHOMN
npoBepKu. Mbl aHaJIU3UPyeM PEJISTUBUCTCKUE ITIONPABKH K OTJa4e C yIeTOM OJHOIET-
JICBOI TI0JIApU3aliy BaKyyMa, KOTOPbIe HEJIaBHO PAcCMATPUBAJINCH PA3HBIMEU aBTOPAMU.
B paborax E. Bopu [3, 2, 4] u K. ITaxyrckoro [1| ucrnonp3oBanuch pasHbie MOAXOABI K
JIAHHOMY BBIYHCJIEHHIO.

Hamu BbIumcIieH no/Hblil BKJ1a,1 3 heKToB noagpusauy Bakyyma nopsika o Za)ime
To4HO 110 M, /M B 0boux noxxonax (E. Bopu u K. ITaxyrckoro). Ilokazamb! ux npusmumnm-
aJbHbIe paszmund. B pesyibrare npoBepKu ObLIN HOIYYEHBI PE3Y/IbTAThI, COBIIAIAIONIIE
TOYHO AHAJUTHYECKH, JJisi 000MX METOJOB ydera IoJsipusanuu BakyyMa. [loapobrocTn
Oy/yT npejicraBieHbl Ha CoBelannm.

Pabora 6nuta nomuepxkana rpantamu POOU 11-02-91343-HHNO a, DFG u dbonna
“INuuacrus” (E.1O. Kopsunun)

2

[1] A. Veitia and K. Pachucki, Phys. Rev. A. 69, (2004) 042501
[2] E. Borie, Rev. Mod. Phys 54, (1982) 67
3] E. Borie, Phys. Rev. A 71, (2005) 032508

[4] E. Borie, arXiv:1103.1772v3, (2011)
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K9/1 Teopusi MHOro(pOTOHHBIX KACKa/JJHbBIX II€PEX00B B aToOMaX.

JI.H. Jla6zoBckuii®?

¢ @uznueckuii paxynpret, Cankr-IlerepOyprekmit ['ocymapcTBensblit Y HUBEpcuTET
198504 Ilereprod, Carkr-Ilerepbypr, Poccust
b Canxt-Ilerepbyprexuit UncruryT Slnepnoit Gusnkn
188300 I'aruuna, Cankr-Ilerepoypr, Poccus

B pamkax K9/l mosydeHbl TOUHbIE BbIpaXKeHUs I BEPOSITHOCTEH MHOTO(MOTOHHBIX
KaCKa/IHbIX II€PEXOJ0B B aTOME€ BOJ/0PO/1a. 9TI/I BbIpazKE€HUA ITOJIyY9€Hbl IJId CBO60,Z[HI)IX
aTOMOB, OJTHAKO OHH MOTYT IIPEJICTABJIATH NHTEPEC JIJIT TOTHOI'O OIMCAHUS ITPOIECCa KOC-
MOJIOTUYECKOI peKOMOMHAIU Bo10po/ia Bo Beemennoit. Teopust mponLirocTpupoBaHa Ha
npuMepax JIByX@OTOHHBIX 35—18, 4s5—1s mepexosoB U TPeXdOTOHHOrO mepexoia 3p—1s.
[Ipoanam3upoBaHbl CYHMIECTBYIONINE B JUTEPATYPE PACXOXKICHUsI B OIMMCAHUA MHOTO(O-
TOHHBIX KaCKa/IHBIX IIEPEX0JIOB U MTOKa3aHa HeOOXOIMMOCTh HcHoJib3oBannd K9/ ais mo-
JIydeHUs Pe3y/JIbTATOB Ha YPOBHE TOYHOCTU TPpeOyeMOM COBPEMEHHBIMU acTPOMU3NIECKU-
MH U3MEPEHUAMU.
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DddekThl acuMMeTpUn B YIJIOBBIX pacOpeieJIeHNSX 3JIeKTPOHOB
P MHOTO(OTOHHOII MOHU3AINN TTOJITPU30BAHHBIX aTOMOB

FO.A. Kimmosa, C.11. Mapmo, A.B. Mepembsiaun

Bopomnesicerxuii 2ocydapemesennvitl yrusepcumem

VrioBble pacupejeenns: (POTOIJIEKTPOHOB, BOZHUKAIOIMIUX TP MOHUBAIMH IOJISTPHU-
30BAHHBIX ATOMOB, 3aBUCAT OT 3HAKA ATOMHOI MOJIAPU3AINE JaxKe B Clydae JIMHEIHO
MOJITPU30BAHHON MOHU3UPYIONICH BOJHBI. Y Ka3aHHBI 3DPEKT AUHEH020 MaA2HUMMH020
duzxpousma (JIMJI) nmeer mHTEphEPEHIIMOHHOE MTPOUCXOKIEHNE U UCYE3AeT B IMOJHBIX
cedenusx. OueBuano, aro nsydenue JIM/ maer pomnonnurenbayo nHGOPMAIUO O JIMHA-
MUKE MOHU3AIINA aTOMOB.

Panee sacpdext JIMJI HEOMHOKPATHO HMCCJEIOBAJICS SKCIEPUMEHTAILHO U TeOpeThude-
CKH IS CJrydasi OMHOMOTOHHON MOHM3AIMHI TEJOTHBIX MeTasuioB (cM., Hampumep, (1] n
CCBLIKU B Heil). B Hacrosimeii pabore Mbl paccMaTpUBaeM YTJIOBbIE PACIIPE/ICJICHUs TPU
MHOTO(DOTOHHOW MOHUBAIMH TOJIIPU30BAHHBIX IMEJIOYHBIX aTOMOB, UMesI B BUJLy BO3MOK-
HYIO MOM(UKAIMIO HEJABHETO KcnepuMenTa [2| 1o nonuzarnuu Li, a TakKe SKCIIepuMeH-
ta [3] mo normzanuu Rb. Ilockosnbky TOHKOE paciiemienue B crekrpe Li mpeHebpekimmo
MaJI0, MO’KHO XapaKTepPU30BaTh COCTOSHIS BAJIEHTHOTO 9J1eKTpoHa B Li opbuTabHbIM MO-
MeHTOM [ 1 ero mpoekimeii m. Mbr pacemarpuBaeM, Kak 1 B |1, OJHOCTBIO TTOJISIPH30BAH-
HOe HavajbHOoe p-coctostHue: [; = 1, m; = +1. g narasanoit gemoncrpaiun 3gdexkTa
JIM/I nuddepennnanbHoe cedeHmne OJHO- U JIBYX(MOTOHHON MOHU3AIME IIPEICTaBICHO B
SABHOM BHJI€ KaK CyMMa PEryJIgpPHOIO CIaraeMoro A,.,, Koropoe He MEeHAETCH IIPH 3aMeHe
m; — —m; U JUXPOUTHOTO CJAraeMoro Agi.., MEHSONMEro 3HaK IPU TaKOH 3aMeHe:

do
diQ = Areg + Adicra

npudeM Agie, ~ sin [m;(pp — @e)], TH€ @p U Pe — MOIAPHBIE YIVIBI UMITYIHCA (HOTOIIEK-
TPOHA U BeKTOpa (JIMHEHHOI ) OJIsIpU3aiuy BOJIHbL B BRIOpaHHOI cucteMe KoopuHat. s
caydas MHOTOMOTOHHON MOHUBAINY SBHBIE (DOPMYJIbI CTAHOBSITCS CJIMIIKOM IDOMO3/IKU-
MU, U OKa3bIBaeTcs Oojiee yJIOOHBIM IMPOBOJUTH YHCJIEHHBIE PACYeThl, OCHOBBIBAsCH Ha,
obeit popmyite, BeIpazKaromieil aMILIUTY/ Iy HOHU3AIUKA Yepe3 1M,; KOMIIOHEHTY TE€H30PHO-
r'0 TPOU3BE/IEHNs] BEKTOPOB 33/1a4un paHra [;. Pajguanbable MaTpUYIHbIE 3JIEMEHTHI U (Da3bl
paccesHus, OIPeJIeJIAIONINe IMHAMIYECKe TapaMeTPhl B aMILIUTY/Ie, BHIUUCIISIUCEH C UC-
[I0JTb30BAHUEM OJIHOJICKTPOHHOTO npubmKenus. [IpoBeieHHbIe BHIMUCICHUS I JTBYX-
u tpexdoTorHoil moHmzarmu Li, a Takxke s aByxdororHoi moHmsarmun Rb (¢ yaerom
peaaTuBICTCKIX 9(PdEKTOB), TOKa3bIBAIOT 3HAUNTENbHYI0 Besamanny JIM/I-sddekTa.

[1] J. Niskanen et al., Phys. Rev. A 81 (2010) 013406.
[2] M. Schuricke et al., Phys. Rev. A 83 (2011) 023413.
[3] Zheng-Min Wang et al., Phys. Rev. Lett 84 (2000) 3795.
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JIsmOoBCKUii cABUT B aTOMe MIOOHHOTO JieiiTepus

A.A. Kpyros®, A.Il. Mapreenko®’, P.H. ®aycros®, P.H. IllamcyTinnos’

*Camapcrutl 2ocydapcmeernuiil yrusepcumem,
b Camaperuti 2ocydapemeenmond aspoxocmuneckuti ynusepcumem um. C.I1. Kopoaéea,
¢ Buuucaumenvhorli uewmp PAH um. A.A. Jlopodnuyvina.

Usmepenne J19MOOBCKOTO CIBUTa B MIOOHHOM BOJOpojie (pd), KOTOpoe paccMaTpiBa-
JIOCHh KaK OJUH 13 (PYHIaMEHTAIbHBIX SKCIIEPUMEHTOB B CIIEKTPOCKOIUH IPOCTEHANIINX aTo-
MOB, HeJIABHO GBLIO BBITIOJIHEHO B [1]. MIoOHHBIE ATOMBI TPEICTABIAIOT COOOI YHUKATIBHY O
1ab0PATOPUIO IO U3YUEHUIO CBOMCTB s/1ep. M3mepenue yactor nepexoya (2P —2S) B (ud),
HOHAX MIOOHHOI'O I'eJIist ¢ TOYHOCTHIO H0 ppm MO3BOJIMT HOJTYYUTh 3HAUCHUS 3aPSAI0BbIX
pajinycoB JefiTpoHa, reJoHa u q-dacTulipl ¢ Toarocteio 0.0005 dwm [1, 2, 3, 4].

B namnoit paboTe MbI BBIMHC/IAEM HOIpaBKu mnopsaka o, o, o® u ab B mmbosckoM
caure (2P /5 — 251 2) u ToHKOiT cTpyKType (2P3/5 — 2P /2) B aTOME MIOOHHOTO JIefiTepusi.
YUUTHIBAIOTCS TOIPABKU, KOTOPbIE MOYKHO Pa3/Ie/InTh Ha JIBE TPYIIILL. B IepByio rpyIiry
BXOJAT crenuduIecKne i MIOOHHOTO JIefiTepuss BKJIA/IbI, CBI3aHHBIE ¢ HMOJIApU3aIneit
BakyyMa [b], cTpyKTypoii sipa [3], peaaruBucTckumu nonpaskaMu u sdbdeKTaMu oT/ia-
gt [6] B IepBOM U BTOPOM HOPsIIKAX TEOPUU BO3MYIIeHuiA. Kak mpaBuiio mompaBKu 9Toi
IPYIIIBI OJIy9eHbI B MHTErPAILHOM BHJIE U BBIMUACIAIOTCA YUCICHHO. BTOpyio rpyiy 00-
Pa3yIoT IONPABKY, MOIyYeHHbIE B AHAJIUTUIECKOM BUJIE JIsd TIMOOBCKOTO CJIBUTA B ATOME
BOz1opoia. [T0CKOJIbKY YuC/IeHHas BeJMdnuHa TapaMerpa me /o = 0.7 B MIOOHHOM JIeii-
repur, TO 3HDEKTHI MOIPU3ANUE BaKyyMa UMEIOT BaxKueiiniee suadenue [5|. Vzydennt
OJIHOIIET/IEBbIE, J[BYXIICTIIEBBIC U TPEXIIETIIEBbIE BKIABI B C/IBUT (2P 9 — 251 2). Ddbdex-
TBI CTPYKTYPBI sJIpa BBIPAYKEHDLI B JIXDMOOBCKOM CABUIE B TEPMUHAX 3apSI0BOIO PaJndyca
Jiefirpota 4. Mbl yunThbIBaeM CJIOKHBIE aMILIUTY/IbI B3AUMOJIEHCTBHS TaCTHUIl, COJIeprKa-
mye Kak MONPABKU Ha CTPYKTYPY fJpa, Tak M BaKyyMHYIO HOJAPU3AIMIO B IIEPBOM U
BTOPOM IOPAIKAX TEOpUU Bo3MyIneHnil. IlonpaBKu Ha CTPYKTYPY s/Ipa B JABYX(MOTOHHBIX
OOMEHHBIX THarpaMMax COKPAIAIOTCS ¢ YaCThiO BKJIAJIa HA MOJISPH3YEMOCTh JeHTpoHa [3].
Besmmuuna jsm6osckoro ciapura umeer su; AELS(2P — 285) = (230.4511 — 6.108485 - r2)
M3B, uro naer snadenue (202.4139 £ 0.0573) M5B npu 14 = 2.1424(21) dwm.

Criicok aurepaTyphbl

[1] R. Pohl, A. Antognini, F. Nez et al., Nature 466, 213 (2010).

[2] E. Borie, Phys. Rev. A 72, 052511 (2005).

[3] K. Pachucki, Phys. Rev. A 53 (1996) 2092; PRL 106, 193007 (2011).
[4] A.P. Martynenko, JETP 101, 1021 (2005).

[5] S.G. Karshenboim, V.G. Ivanov, E.Yu. Korzinin and V.A. Shelyuto, Phys. Rev. A
81, 060501 (2010).

[6] U.D. Jentschura, Phys. Rev. A 84, 012505 (2011).
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HruroronoBckasi rpaBUTAIIMOHHAS MOCTOSTHHAS: COBPEMEHHbIE
sKkcriepuMeHThl 1 HoBoe 3HaveHne CODATA.

B.K. Mwmokos®

* Mockoscxutl 2ocydapemeennviti ynusepcumem um. M.B. Jlomonocosa,
Tocydapcmeennwviii acmpornomuseckuts uncemumym um. 11 K. IHImepnbepaa

OmpejiesieHne rpaBUTAIIMOHHON ITOCTOSHHON B J1a0OPATOPHOM SKCIIEPUMEHTE HMEET
oostee gem 200-jeTHIol0 ucropuio. IIporpecc B 3HaHuM abCOJIOTHOIO 3HAYEHUSA TI'PABU-
TAIMOHHON TTOCTOSTHHON TPOUCXOAUT JOCTATOYHO MEJJIEHHO, BEJIMYUHA OIMUOKKA yMEHb-
maercs npubsmsuresbao B 10 pas 3a crosietue, m Ha HacTosiee BpeMs G — Bce erne
HaMMeHee TOYHO U3BECTHAs KOHCTAHTA MPHUPOJIbI. SHAYEHHE TPABUTAIMOHHON MOCTOSTH-
HO¥1, KOTOpOe PEKOMEH IyeTCsI K MCIIO/Ih30BaHnio B Hayke n Texanke komuccneit CODATA
(Committee on Data for Science and Technology) my6sukyercst oaun pa3 B 4 roga. Ho-
Boe CODATA 3snavenne HoioTonosckoit rpasurannonnoii nocrosmuoit, G = (6.67384 +
0.00080) x 107 m3kg~'s72, cramo goctynnbim 2 miona 2011 r. u 3aMeHMIIO 3HAUEHUE
CODATA 2006 roga. HoBoe 3HaveHme ocHOBAHO HA JAHHBIX, JOCTYIHBIX K 31 mgexaOps
2010 r.

CoBpeMenHast CTOPHs SKCIIEPUMEHTAIHLHOTO otpe/iesienns (G, HACIUTHIBACT OKOJIO JIe-
CATKA KCIIEPUMEHTOB, BBIITOJIHEHHBIX B PA3HBIX JIAD0PATOPHUAX MUAPA B TEIEHUE MTOCIETHIX
jecsaru Jjiet. D1o sxcrnepumentsl Gundlach & Merkowich (CIIA) ¢ orHOCHTEIBHOl OMTHO-
koit 14 ppm (2000), Quinn, Speake u np. (Besmkobpuranusi) ¢ OTHOCHTEIBHON OMUOKOM
41 ppm (2001), Shlamminger u ap. (Illeeiiapusi) ¢ oTHOCHTEIBHON OMIMOKOH 33 ppm
(2002). B 2003 r. my6simkyercst pesyabrar skcnepuMenta Armstrong and Fitzgerald (Ho-
Bast 3eJIaH/iusl) ¢ OTHOCUTEIbHON omubKoii 41 ppm, a 3arem, B 2006 1. pe3yabTaT HOBOIO
skcriepumenTa Shlamminger ¢ ornocurenbhoit ommobkoit 16 ppm.

Kaszamnace Obl, curyanus ¢ abCOIOTHBIM 3HAYEHUEM I'PaBUTAIIMOHHON MOCTOSTHHON Ha-
KoHell crabmmsupoBaiachk. Ho B 2009 roay myOankyercss HOBOe 3HaYEHUE IPaBUTAIIMOH-
HOfi TOCTOSIHHOMN ¢ OTHOCHTEIBHOM ommbKoii 26 ppm (Luo Jun u ap, Kurait) [1], kotopoe
dopmasibHO He yKIaabiBaeTca B jpoBepurenbHbiii maTepBaas CODATA-2006. Hakoner, B
2010 rosy cTaHOBUTCS U3BECTHBIM €IIe OJIHO 3HAUYEHWE TPABUTAIMOHHON TOCTOSTHHOM, 110-
JIyIEHHOE B 9KCIIEPUMEHTE C MCIIOJIb30BAHUEM JIa3ePHOI0 HHTEPGEPOMETPA C OTHOCUTE b=
Hoit ommOKoit 21 ppm (Parks and Faller, CIITA) [2].

Xotsa dhopmasibHas CpeHEKBaIpATHIeCKast OMMOKa JIYIITIX KCIIEPUMEHTOB TI0 OIIpe-
nenennto G cocrapisger 15-40 ppm, TeM He MeHee, PazdPOC abCOIOTHLIX 3HavdeHuit G
JIOCTATOYHO BeJIMK. Pa3zbpoc pe3ysibTaToB, MPEBOCXOSIINN OKUTAEMYIO B OOBITHBIX IKC-
[IEPUMEHTAX BEJIUIUHY B 2—-3 CTaHIAPTHBIX OTKJIOHEHUS, TPYIHO 00bsicHuTh. CKOpee Bce-
ro, OH CBJ3aH C CUCTEMATUIECKUMU OIMMOKAMU, IMO3TOMY OYEeHb BayKHO M3MepsiTh (G B
9KCIIEPUMEHTaX, UCIOIB3YIOMNUX PA3INIHbIE METOIUKH.

[1] Jun Luo, et al., Phys. Rev. Lett., 102 (2009), 240801
[2] H. Parks & J. Faller, arXiv: 1008.3203v3 [physics.class-ph]|, 7 Sep 2010.

30



Role of fundamental physical constants
in the new system of units — the quantum SI
Waldemar Nawrocki®, Yury Shukrinov®

* Poznan Unwversity of Technology, Poznan, Poland
¢ BLTP, JINR, Dubna, Moscow Region, 141980, Russia

Fundamental physical constants are universal and invariant. Therefore they are good
references for units of system of measure. 150 years ago C. Gauss and J. C. Maxwell
proposed a measurement system of units using physical constants. Now we come back
to these ideas [1|. The International System of Units (SI) contains 7 base units and two
supplementary units [2]. In its 12th Resolution "On the possible redefinition of certain base
units of the International System of Units"the last, 23th General Conference (CGPM)
recommended [2]: "pursue the relevant experiments ... to redefine the kilogram, the
ampere, the kelvin, and the mole using fixed values of the fundamental constants at the
time of the 24th General Conference (2011)...".

a0y 10"

The proposed new definitions of the kilogram, the ampere, the kelvin and the mole
[2, 3] are listed below.

1. The kilogram is the mass of a body whose de Broglie-Compton frequency is equal
to exactly [(2997924582/(6.6260693) x 1073*)] hertz.

2. The ampere is the electrical current equivalent to the flow of exactly 1/(1.60217653 x
10719) elementary charges per second.

3. The kelvin is the change of thermodynamic temperature T that results in a change of
thermal energy kT by exactly 1.3806488 x 10~23 joule, where k is the Boltzmann constant.

4. The mole is the unit of amount of substance. It is equal to 6.0221415 x 10% mol !
specified identical entities. The entities may be atoms, ions, molecules or other particles.

[1] Ch.J. Borde, Transactions Royal Society A 361, 2177 (2005).
[2] http:/wwwl.bipm.org/en/
[3] W. Nawrocki, Metrology and Measurement Systems 17, 139 (2010).
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IIperu3unonHbIil pacueT U YUCJIeHHAs aIlllIPOKCUMAIINS MJIOTHOCTU
U MOTEeHIhaJa, 00yCJIOBJIEHHBIX MOJgpuU3aliieii BaKyyMa siipoM
KOHEYHBIX pPa3MepoOB

H.JI. Manakos, A.A. Hekumnesio

Boponeotcckuii 2ocydapemeenmnoiti yrusepcumem

[Mosstpusalus BakyyMa KyJIOHOBCKUM TI0JIEM SIBJISIETCsI COCTABHOMN 9acThio (heiiHMaHOB-
CKUX JIMarpaMM Pa3/IUIHbIX [OPSJIKOB, BOSHUKAIOIIUX IIPU TEOPETUIECKOM MCCJIEIOBAHUN
nonpaBok B criekTpsel 1 Apyrux KO/ — sddexro B MHOrO3apsiIHBIX HOHAX (CM. HAIIPUMED
0630p [1]). Pacder miorHOCTH 3apsiia, WHIYIIMPOBAHHOIO B BaKyyMe aTOMHBIM SIJIPOM, U
COOTBETCTBYIOIIETO €My IMOTEHIHA A MPEICTABIIET COOON TEXHIMIECKN CJIOKHYIO 3a/1ady,
[IO9TOMY 3/1€Ch TIOJIE3HbBI JOCTATOYHO TOYHBIE YUC/IEHHbBIE arpokcuManuu. J{ist togedHoro
siJIpa Takag 3ajia4a Obljla peleHa HaMu B [2], TaM Ke IPUBEJIEHbI U YUCJICHHBIE alllPOKCU-
MAIiU [OTEHIHAJIA, UCIIOIB30BaHHbBIC B JIAJbHEIIEM B psaie pabot, B dactHoCcTH [3], [4].
OHako B HACTOAIIEE BPeMs BO MHOI'MX CJIydasdX aKTYaJbHbIM SBJISETCA yIeT KOHEUHBIX
pasmepoB sypa B K9/l — monpaBkax pa3nIHbIX MOPSIKOB.

B HacTostiiem cooOIIeHrr MbI TPUBOJMM IOJIy9IeHHYIO HAMHU YUCIEHHYIO AIlPOKCH-
MAITUIO MOJISIPU3AIMOHHOM [IJIOTHOCTU U TOTEHIMAIa KaK (PYyHKIIMU PACCTOSHUSI OT sijIpa,
3aps/ia U pajuyca gjapa. YKasaHbl TakKe OINEHKH TOYHOCTH AIIPOKCUMAIIUI B pa3IMaIHbIX
JIHaIa3oHax MapaMeTpoB.

[1] B.M. IIlabaes, YOH 178, 1220 (2008)

[2] A.G. Fainstein, N.L. Manakov and A.A. Nekipelov, J. Phys. B.: At. Mol. Opt. Phys.
23, 559 (1990)

[3] V.A. Yerokhin, Phys. Rev. A 83, 012507 (2011)

[4] D.A. Glazov, A.V. Volotka, V.M. Shabaev, I.I. Tupitsyn, and G. Plunien, Phys. Rev.
A 81, 062112 (2010)
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Ceuenue NMOHMN3all 1 BKJIaJ KOHTHMHYYMa B OIITUYECKHUE
XapaKTEepuUCTUKAN pI/I,Z[6€pI‘OBCKOI‘O aTOMa

E.A. Hekumesios, B.JI. OBcaaaukoB

Boponesicerxuti 2ocyrusepcumem, duduveckuli daxysvmem
394006, Boponeotc, Ynusepcumemckas na. 1

[Ipenu3noHHbIE OIEHKHU YUCJIEHHBIX 3HAUYEHUH HHTErPAJIOB [0 COCTOSIHUSIM KOHTUHY YMa
MOZKHO CYIIECTBEHHO yIIPOCTUTD, UCIIOJIb3Y$ CBA3b MATPUIHBIX 3JIEMEHTOB Da/INAIIMOHHBIX
[IEPEXO0/I0B C 3aBHUCSIIUM OT YacTOTHI cevdeHneM GOTOnOHU3AINN 0y (w). B gacTHOCTH, 10151
et ocrsigTopoB (¢ = 0) m ux MomenToB (¢ = +1,...):

o0 N oo
(@) = [ 28 (elzlnl) Pde = 75 [ whow(w)de, (1)
0

‘Enl‘

[Iperu3unonnas OleHKa MTapKOBCKOTO CJABHUTa SHEPreTUYECKUX YPOBHEH IO JIeHCTBH-
€M TEeIJIOBOTO U3JIydeHusi TpeOyeT KOPPEKTHOTO ydeTa BKJIaJ/a HEIPEPBIBHOTO CIIEKTpA,
KOTOPBIN TaK:Ke MOXKHO BBIPA3UTh depe3 cevenne (pOTOMOHU3AINN:

(KD)? T o) (w)
T 27?302|E/| w 4 kT dow, (2)
nl

rie dbyskius Papres-Bunra F(y) yaurbiBaeT HHTErpa oT pacipeaesnenns [Lianka 1s
[JIOTHOCTH SHEPIruu TeraioBoro ussaydenust [1]|. s onenku cedenusi noHusanuu puibep-
FOBCKUX COCTOSIHUI B 0DJIACTH YACTOT, JAIONIEil OCHOBHOI BKJIa L B uHTErpas (1), MOKHO
HCIOJIB30BATH AllIPOKCUMAIMOHHBIE (OpMYJIB BHIa |2, 3|:

ﬁnl
L s s by b
Unz(w)zaff?'"(' ”l|> o = s (1+1+22>, Bu=bo+—+—= (3
W non n

n

B KOTOPBIX P &~ 5/3, a cedenye OPOroBoil HOHM3AIH o' 1 IoKas3aTe b CTereHn (3, aBIs-

I0TCS HE3ABUCAIIUME OT 9aCTOThI w = | E,y| + € BesimunHaMu. AHAJIMTHYECKIE BbIPaXKeHUs
(1) — (3) mO3BOJIAIOT TIOKA3aTh, YTO OTHOCUTEIHHBIN BKJIAJ KOHTUHYYMa B PacCMaTpPHBa-
€MbBIX BEJIMYMHAX C POCTOM IJIABHOI'O KBAHTOBOT'O YHC/IA yObIBaeT. B wacTHOCTH, BKJIA/I

¢(q) mna ¢ = 0,1 npu n > 20 y6pBaer no 3axony n~ /3. Bruan semmuun (2) B Tep-
MOWH/IyIIUPOBaHHbBIH casur S-, P-, D-, u F-cocrosauit aromoB Bojopojga mpu n < 100
MOXKET HCIIBITBIBATH 3HAYUTE/IHHBIE 3aBUCIIIE OT TeMIIepaTypbl (PJIYKTyallul, MEHsChH

B npejesax or Hyasa jgo 20-30% u 6osee. Ho nipu n > 100 o Takzke yObIBaeT 10 3aKOHY
~1/3
n-/e.

[1] J.W. Farley, W.H. Wing, Phys.Rev.A, 23 (1981) 2397
[2] V.D. Ovsiannikov, I.L. Glukhov, E.A. Nekipelov, J. Phys. B 44 (2011) 195010.
[3] B.I. Oscannukos, N.JI. Tiyxos, E.A. Hekunenos, Our. u Cunekrp. 111 (2011) 28.
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Charge radius of helium nuclei from the atomic spectroscopy

Vladimir Yerokhin®, Krzysztof Pachucki’

@ Center for Advanced Studies, St. Petersburg State Polytechnical University,
Polytekhnicheskaya 29, St. Petersburg 195251, Russia
b Faculty of Physics, University of Warsaw, Hoza 69, 00681 Warsaw, Poland

The striking discrepancy for the proton charge radius as determined from the electronic
and muonic hydrogen has not yet found the explanation. The best verification of this
discrepancy is by comparison of helium nuclei charge radii. The muonic helium experiment
is in the preparation stage. The electron scattering determination is quite accurate 0.5 %,
but not necessarily very reliable. We have therefore undertaken the project to determine
the nuclear charge radius from the atomic transition frequencies, namely from 23S to
arbitrary excited triplet state of helium and light heliumlike ions, with the precision of
about 1%

As a first step, we have verified 4 o discrepancy in the *He - 3He mean square charge
radius difference between that obtained from isotope shift measurements of 235, — 215
transition by Wim Vassen, and that from 23S; — 23P (centroid) by David Shiner, and
independently by Pablo Cancio. This means, that one of these transitions was not measured
correctly.

In the next step we plan to calculate the complete hyperfine structure of 23Pf level
with about 1 kHz accuracy, to verify the measurements of hyperfine transition frequencies
and to explore another possibility of the fine structure determination.

[1] R. van Rooji, at al, Science 333, 196 (2011).
[2] D. Shiner, R. Dixson, and V. Vedantham, Phys. Rev. Lett. 74, 3553 (1995).

[3] P. Cancio, in preparation
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N3mepenue ¢irykTyanuii cuji B3anuMo/ieficTBus ITPOOHBIX TeJl U3
JIABJIEHOTO KBapIia C I0JIeM 3JIEKTPOCTATUYIECKOTO aKTIoaTopa

J1.B. Kommos, JI.I'. [Ipoxopos
MI'Y um. M.B. Jlomonocosa

B macrositiiee Bpems olHIMHU U3 HambOJIee IyBCTBUTE/IBHBIX HHCTPYMEHTOB SIBJISIETCS
uaTepdepoMeTpuIecKue JIeTeKTOphl rpaButarmonubix BosH [1]. Tak, merexkropsr LIGO
(USA) m3mepsiioT cMernenue IpoGHBIX Mace ¢ TouHocThio S, = 107¥m- I'n~'/2 B noso-
ce gactot ot 30 10 1000 I'i. I3mepenne cTosib MaJIbIX CMeEIIeHui TPOOHBIX Tesl TpedyeT
ydera pPasHooOpasHbiX 3P@PEKTOB, B TOM YHUC/IE U CBA3aHHBIX C HAJAIHEM Ha ITUX Te-
JlaX 3JIEKTPUIECKHX 3apsiaoB. [ljIss KOppeKmuu IoJIoKeHusT TPOOHBIX MacC B TaKUX Jie-
TEKTOPaxX IIPEIII0JaraeTcsi NCIOJIb30BaATh JIEKTPOCTATHIECKUN aKTIATOp, T.e. CHCTEMY
rpebeHYaThIX JEKTPOIOB, CO3AOILYI0 HEOIHOPOIHOE SJIEKTPUUIECKOE II0JIEe, B KOTOPOE
BTATUBAETC JIMJIEKTpUYIecKas poOHasg Macca. [lebio HACTOSAIIEro MCC/Ie0BAHUA SB-
JiseTcsd u3Mepenne (pJIyKTyanuii 3JeKTPUIeCKUX CUJI, JEeHCTBYIONNX Ha ITPOOHYIO MAaCCy
13-3a MOMEIEHHUsI ee B I10JIe 3JIEKTPOCTATUIECKOTO aKTI0ATOPA.

KimroueBbIM 9/1€MEHTOM SKCIEPUMEHTAJIBHON YCTAHOBKH SIBJIETCSA BBICOKOIOOPOTHBIM
KPYTUIbHBIA MasTHUK M3 ILJIABJIEHOTO KBapiia. Pe30HaHCHAs YacTOTa 3TONO MAasiTHUKA
sgexkut B auanazone 30-100 ', Hanbosiee nHTEPECHOM 111 TPaBUTAIIMOHHO-BOJIHOBOIO JIe-
TeKkTopa. 3MepeHne yrjoBoro moJIOXKEHHS MagTHUKA ITPOU3BOJUTCA MHTEP(hEPOMETPH-
JecKUM MeToJoM. st mpuioskeHus K MasgTHUKY HEOJIHOPOIHOIO SJIEKTPUIECKOTO IOJIS
PSIIOM ¢ HUM PaCIOIOXKeHa MOJIE/Ib 3JEKTPOCTATUIEeCKOro akToaropa. Ilpemmosaraercs,
9TO CO3JAaHHAas SKCIIEPUMEHTAIbHAST YCTAHOBKA ITO3BOJIAT U3MEPUTH BEJIUUNHY (DIIYKTya-
N CUJT B3AUMOJIEHCTBUST MAaATHUKA C TPUKJIAIBIBAEMBIM K HEMY JIEKTPUIECKUM TI0JIEM
Ha YPOBHE TEILJIOBBIX IYMOB.

[1] B.P. Abbott et al., LIGO: The Laser Interferometer Gravitational-Wave Observatory,
Rep. Prog. Phys. 72, (2009) 076901
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CyMMupoBaHue PsiioB TEOPUM BO3MYIEHU AJisI MHOTIO3apPsiJHbIX
VMOHOB C IIOMOIIBIO METO/Ia T'MIePBUPAJIbHbBIX COOTHOIIIEHU

A.M. Ilyukos

HUU pusuru umenu B.A. Qoxa, Canxm-Ilemepbypecrut I'ocydapcmeermii
Ynusepcumem, 198504 Canxm-Ilemepbype, Cmapwiii [lemepzogp, Vavarosckasn 1.

[Ipu BBIYHECIEHUN PA3JIUYIHBIX ITOIMPABOK K CBEPXTOHKON CTPYKType, K g—daKkTopy u
JI3M6OBCKOMy CABUrY JJIsl MHOTI'O3apPAJHbIX BO,ILOpO,ZLOHO,ZLO6HbIX NOHOB BO3HUKAIOT PAJIbI
THUIIaQ

Bt 7B 1 N 0 K | RS Ink)

) , = 1
|i, s, K ,nK) > Eoe—E.. (1)

/
n

e Ry = r®, R} = o,1r%, R5 = w0,r®, R = o,r°. lljea ucnoyb3oBaHua I'ullepBUPHaIb-

HBIX COOTHOIIEHUH JIJIsi CYMMUPOBAHUs STUX PSJI0B BIEpBbIe Obla BhICKa3aHa B padoTax
[1, 2]. B masbHeiiem, 370T MeTOJ| HEOTHOKPATHO U YCIEIIHO IIPUMEHSIJICS B 9UCIEHHBIX
pacderax. OJIHAKO, HE CMOTPsI HA JJOCTUTHYTHIE YCIIEXH, JIO CUX MO OCTAJICS HePeNneHHbIM
IEJIBIA PsiJT BOIIPOCOB, CBA3AHHBIX C BBIUYHMCJIEHHEM CYMM B CJIydae Kk 7 kK s >0.

B nacrosmem j1oK/1a/1€ TOKa3aHO, YTO C IIOMOIIBIO MATPUYIHOI'O TPEJICTABIEHUS TUIIEP-
BUPUATBHBIX COOTHONIEHU |3, MOKHO chOPMYTHPOBATE OOIIHIA TOXO/] K CYMMIPOBAHIIO
psi710B (1). DTO MO3BOJIIIIO MTOJIYIUTh PEKYPPEHTHBIE GOPMYJIBI, U3 KOTOPBIX CJIEIYIOT IIpa-
BUJIa CYMMUPOBAHUS PSIJIOB CAMOTO ODINEro BHUA, B TOM 9HCJIE TIPU K 7 K, Kak st § < 0,
Tak u s s > 0. [TokazaHo, 9T0 B HEKOTOPBIX YaCTHBIX CJIydasx, IMpejiaraeMbiii o0t
[OJIXOJI, IPUBOJIUT K U3BECTHBIM BhIpazkeHUsiM jijisg cyMM |1, 2 4]. O6cyKaaiores BO3MOXK-
Hble IPAKTUIECKHe IIPUMEHEHNsT MEeTOIa K PEIIeHNI0 KOHKPETHBIX (PU3MIECKUX 3aad.

[1] V.M. Shabaev, J. Phys. B: At. Mol. Opt. Phys. 24, (1991) 4479.

[2] V.M. Shabaev, Precision Physics of Simple Atomic Systems (Springer, Berlin) (2003)
97; E-print/physics/0211087 (2002)

3] A.M. Puchkov, J. Phys. B: At. Mol. Opt. Phys. 44, (2011) 045002.
[4] E.Y. Korzinin, N.S. Oreshkina and V.M. Shabaev, Physica Scripta 71, (2005) 464.
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Tests of the Newtonian gravity law at short distances.

V.N. Rudenko
Sternberg Astronomical Institute of MSU

At early 70th of the past century a speculation of the possible spatial variations of
the gravitational constant was provoked by results of some geophysical and laboratory
measurements. Besides a re-examination of the old Eotvos experimental data was seemed
supported an existence of the intermediate-range coupling to the test mass baryon number
or hypercharge. It was reflected in the phenomenology where the conventional Newtonian
inverse square law attraction was accompanied by the Yukawa type correction described
by two parameters: relative amplitude and spatial range of the new interaction. This
phenomenology also could be presented as the standard gravitational ISL but with a
gravitational coupling constant depending on distance. Attempts to derive such depen-
dence from astrophysical observations or through performing Cavendish type experiments
in laboratory and nature was known as a ”fifth force searching for”. At the end of twenty
century the very strong restriction on the fifth force existence were established for dis-
tances of astrophysical (solar system) scale as well as for the laboratory scale on the order
of meters and centimeters [1].

New interest to a possible violation of the gravitational ISL at distances less the mil-
limeter range was appeared in association with the hypothesis of extra dimensions space
structure at small scales (sub millimeter and less). A short range interaction hidden in
such microscopic wrapped extra dimensions could help to solve the so called ”hierarchical
problem” and to shift the energy ”scale of strong gravity” from Planck mass to the Tev
region [2].

Cavendish type measurement of gravitational attraction on such small scale is techni-
cally non trivial problem due to a necessity to join requirements of a using enough large
homogeneous test mass with a microscopic space gap between them. It was solved due
to an original idea to replace real solid test mass by holes ("negative mass”) in test gold
plates optically polished with surface irregularities on the order of hundred part of optical
wave length [3]. In experiments cylindrical and disc forms of such multi-hole plates were
assembled in a torsion pendulum as probe and attracting masses separated with a gap of
several tenth micrometers.

For more small distances experimental design of the torsion pendulum was changed to
a cantilever oscillator scheme manufactured from silicon materials covered by a gold film
[4]. Optical FP cavity with external laser pump was used to measure very small oscillations
of test mass (few milligram) attached to cantilever spring exited by the gravitational force
produced by a sliding underneath gold film with periodical structure.

It was occurred that at the micrometer scale the Newtonian gravitational force became
comparable and less the quantum electro dynamic Casimir force which must be taken
into account in the processing of experimental data [5]. The recent precise measurements
of the Casimir force factually provided new experimental limits to ISL violation at the
micrometer distances [6].

The talk presents a brief review and critical analysis of laboratory tests of gravitational
attraction on small distances. The main conclusion is that up to now no any violation of
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the ISL was detected and that future tests at the distances less one micrometer will be
dominated by electromagnetic type of interactions much more then the gravity.

[1] E.Fischbach, C.L.Talmadze. The search for Non-Newtonian Gravity, edited by Spriger-
gerlach. (2000)

[2] N. Arkani-Hamed, S. Dimopoulos, G. Dvali, Phys. Rev. D 59 086004 (1999)
[3] E.G.Adalberger, J.H. Gundlach , B.R. Heckel et al, PPNP 62, 102 (2009).
4] A.A. Geraci, et al, PRD, 78, 022002 (2008)

[5] A. Lambrecht et al, in ”Casimir physics” (2011) [arXiv:1006.2959]

[6] M. Masuda, M. Sasaki, Phys. Rev. Lett. 102, 171101 (2009)
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N3mepennsi rpaBUTAIIMOHHOI MOCTOSTHHOI NMPU HAJIMIUN
HEPABHOBECHBIX IIOTOKOB Pa3peKEHHOI'o ra3a

B.M. Ilaxnaponos®, B.II. U3wmaiinos®, O.B. Kaparuos®.

MI'Y um. M.B. Jlomorocosa, dusuveckuti paxyrsvmem,
ragedpa pusuru xorebanuii, 119991, I'CII-1, Mocxksa, e-mail: shah@phys.msu.ru
b Hayuonasvroiti unemumym a6uauyuonioly mexnono2ut,
119285, Mockea, ya. Hwvpvesa, 0.5, cmp.12, e-mail: info@tribotech.ru

Namepenust rpaBUTAIMOHHON TOCTOAHHON G KPYTUJILHBIMEA BECAMHU ITPOBOJISITCS B IIPH-
CYTCTBUN JIeCTaOMIU3UPYIONIUX (PaKTOPOB, UTO CBA3AHO C MaJIOil BEJIUUNHON I'paBUTAIU-
OHHOTO B3anMojielicTBus. OTCYyTCTBIE MATHUTHBIX SKPAHOB B OOJIBINUHCTBE ITPOBEICHHBIX
9KCIIEPUMEHTOB CTABUT TIOJT COMHEHUE JIOCTOBEPHOCTD IOJIYUYE€HHBIX Pe3yIbTaToB. Maruur-
HBII JieMIibep KadaHWil U BBICOKUIT BaKyyM OCJIA0JIAIOT BO3JIENHCTBIE OCTAJIBHBIX (haKTO-
POB, OJIHAKO 9TU MePhl MOTYT OKa3aThCd HEJIOCTATOUYHBIMUA.

Heynaunblit Boi60op dhopmbl u Marepuasa pabodero reja Becos [1| cHusmm Beuanmy
IPaBUTAIIMOHHOIO B3aUMOJIEHCTBUS, YTO IPU UCKYCCTBEHHO BBEJIEHHOM B KaMepy HCTOY-
HIKEe HEPaBHOBECHBIX ITOTOKOB IIPUBE/IO K CUCTEMATUIECKON TTOTPEITHOCTHA. ABTOPBI ITOTIHI-
TAJIUCh €€ CKOMIIEHCHPOBATH TIONPABKON HA HAJIMYMe BSI3KOCTH B HUTH TIo/[Beca |2|, omHako
OHa MPOTHBOPEYUT MPHUPOJIE BHYTPEHHero Tpenus 3| u mosromy ommbouna. B urore 3a-
siBJIeHHOEe UMK 3HadeHne (G HeoOXOJMMO yBEJIMYUTH Ha 212 ppm, 9TO CYIIECTBEHHO IIPU
yKazaHHO# aBTopamu norpertHoctu 26.33 ppm. [lo-Buaumomy nipu y4uére peabHON TOJI-
IIIIHBI METAJJIMIECKOTO MMOKPBITUST HA IPAHAX KBApIEBOro OJ/ioka 3HadeHue (G emie Oosiee
BozpacTér. OHAKO ero mapaMeTphl 10 CUX HOp HEU3BECTHHI.

PaccmarpuBaiach TpEXIO3UIMOHHAA cXeMa u3MepeHuil. B mosumum 1 mpurarusaio-
1€ IMapoBble CTAJIbHBIE MACCHI PACIIOJIOXKEHBI Y TOPIIOB KBapIEBOro 0JI0KA, B O3 2
— OTCYTCTBYIOT, B IIO3UIIUN 3 — HOBEPHYTHI Ha yroJ /2. HemnpepbiBablil npeiid nepuoma
KoJIeDaHUil TPUBE/T K CUCTEMATUIECKOH pa3HOCTH 3HaUeHn! (G B IPSIMBIX ITUKJIAX, HAMNHA-
foruxcst ¢ no3unun 1, m obpaTHbix, KoTopas npesbicuia 1000 ppm. 3aMeTHbIE OTKJIOHEHUST
G;;j Ipu yuéTe IO3UIUU 2 OT HOPMaJILHBIX 3HaueHuil Hanbosiee HAIJIAHO CBHIETE/ILCTBY-
IOT O HaJINYUN B KaMepe HePaBHOBECHBIX IIOTOKOB Ia3a. PaBeHcTBo Becex kKoMmOunarmit Gy;
B IIEPBOM 9KCIIEPUMEHTE O0ecIievunBaJsl Mepuoji KojaeOanuit BO BTOPOI TO3UIUN, YMEHb-
meHnblii Ha 138 Mc, a Bo Bropom — yBesmdennblii Ha 47 mc. He wckmioueno n naamame
MarduTHOIO B3anmMoJieiicTBUA. Ero TpyaHo BbISIBUTH Ha (poHe Hosiee MorHoro ¢gpakropa. B
mepBoM dkcrepuMerTe G B KOMOMHAIUSIX BTOPO# MO3UIINN C TPETheil CHU3WIUCH 110 CPaB-
HEHUIO C HOPMaJIbHBIM 3HadeHueM Ha 183275 ppm, a B KOMOMHAIIAAX C [IEPBO BO3POC/IN HA
57245 ppm. Hamporus, Bo BTOpOM 3KCIIEpUMEHTEe KOMOUMHAIIMU C TPEThell MO3UIneil Bo3-
pociin Ha 59493 ppm, a KoMOuHaIMH ¢ 11epBoit cHu3uInCh Ha 19182 ppm. Takue sapdexTh
00yCJIOBJIEHBI U3MEHEHUEM YTJIa MEXKJTy TOJIOYKEHUEM paBHOBeCHS OJIOKA U HAIpaBJICHHEM
HEPaBHOBECHBIX TTOTOKOB TIOC/IE OUYePeTHON TepMeTU3aIln KaMepPhl.

[1] L.C. Tu et al. Phys.Rev. D., 82 (2010), 022001.
[2] K. Kuroda Phys. Rev. Lett., 75 (1995), 2796.
[3] A. Granato and K. Lucke. J. Appl. Phys. 27(6) (1956), 583.
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The time-evolution of FPC; is it possible?

Plamen P. Fiziev, D.V. Shirkov

Bogoliubov Laboratory of Theoretical Physics
JINR, 141980 Dubna, Russia

The overview of novel ideas to reveal some general mysteries of the Universe: alternatives
to Higgs mechanism, quantum gravity, what was before the Big Bang, CPT properties of
elementary particles, baryon — anti-baryon asymmetry, etc., by introducing new Physics on
manifolds with variable topological dimension and, possibly, reduction of space dimensions.

This ideas — implemented in a few our recent publications — propose also some new

(a bit fantastic) approach to the origin of the Fundamental Physical Constants and to the
possibility of their evolution.
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The perspective of intrinsic Josephson junctions for quantum
metrology

Yury Shukrinov®, Paul Seidel?, Waldemar Nawrocki®

@ BLTP, JINR, Dubna, Moscow Region, 141980, Russia
b Institut fuer Festkoerperphysik, Friedrich-Schiller-Universitaet Jena
D-07743 Jena, Germany

¢ Poznan Unwversity of Technology, Poznan, Poland

The Josephson junction demonstrates an interesting physics and variety of applica-
tions. From the point of view of practical applications, a great number of junctions is
often needed. For example, in a quantum voltage standard, thousands of junctions in
series are required to obtain Shapiro steps at sufficiently high voltages up to 10 V [1].
The intrinsic Josephson junctions (IJJ) within the high-TC superconductors offer a new
way to realize a large number of junctions in a very compact way. Compared to the
well-developed low-Tc dc voltage standards, a few advantages can be found using 1JJs
[2, 3]: (i) high operation temperatures, up to temperatures near 50 K; (ii) operation at
higher frequencies up to some THz; and (iii) high density of junctions due to naturally
compact atomic scale, which may simplify the instrumentation significantly. But it has
to be investigated if the extremely thin electrodes of the 1JJs and their strong interaction
results in stability and noise effects disturbing the function of such voltage standards.

We present results on the phase dynamics of a stack of coupled Josephson junctions in
layered superconductors. The current voltage characteristics (CVC) of intrinsic Josephson
junctions (IJJ) are numerically calculated [4]. We discuss the features of the parametric
resonance and its manifestation in the breakpoint region of CVC [5, 6]. Charge creation
in superconducting layers and nucleation of longitudinal plasma wave (LPW) for stacks
with different number of junctions are described [7]. The effects of the external microwave
radiation on the charge dynamics of the coupled Josephson junctions are discussed in
detailed. The ideas concerning the experimental observation of the breakpoint features
are considered.

[1] C.A. Hamilton, Rev. Sci. Instr. 71, 3611 (2000).

[2] H. Wang, J. Chen, P. Wu, et al., Supercond. Sci. Technol. 16, 1375 (2003).

(3] H.B. Wang, P.H. Wu, T. Yamashita, Phys. Rev. Lett. 87, 107002 (2001).

[4] Yu.M. Shukrinov, F. Mahfouzi, P. Seidel, Physica C 449, 62 (2006).

[5] Yu.M. Shukrinov, F. Mahfouzi, Phys. Rev. Lett. 98, 157001 (2007).

[6] Yu.M. Shukrinov, F. Mahfouzi, M. Suzuki, Phys. Rev. B 78, 134521 (2008).

[7] Yu.M. Shukrinov, M. Hamdipour and M.R. Kolahchi. Phys. Rev. B 80 (2009) 014512,

41



BosmoxkaocTh npoBepku coxpanenusas CPT-cumMmerpun B
IPABUTAIIMOHHOM B3aMMOJIEMCTBUU C IIOMOMIbIO
3JIEKTPOH-TIO3UTPOHHBIX ITyYKOB B HAKOIUTEJIbHBIX KOJIbIIAX

FO.H. O6yxos?, A.9. Cunenko’, O.B. Tepsen®

@ Uncmumym meopemuveckot gusuru, Késvnexud ynusepcumem, Kéavn, epmarnus
b HUY HUncmumym adepnwix npobaem Beazocyrnusepcumema, Munck, Beaapyco
¢ BJIT®, Obsedurennviti uncmumym sdepruux uccaedosarutl, yona, Poccus

CpaBHeHre 4acTOT MPENecCu CIUHA 3JIEKTPOHOB W IIO3UTPOHOB B JIOBYIIKe [leHHumH-
ra cuzeresberByeT o coxpanennn CPT-cuMMerpuu B 3JI€KTPOMArHUTHOM B3aUMOJIEH-
cTBum. BecbMa BayKHO Tak»Ke peIleHHe aHAJOTHIHON MPOOJIeMbI Jisi TPABUTAIIMOHHOTO
B3auMoieiicTBus. Pasimaue 9acTor Mpereccuu CHMHA YacTHI[ U aHTUYIACTUIl (3JIeKTPO-
HOB U TIO3UTPOHOB) BO BPAIAOIIEHCs CHCTeMe OTCYeTa OJIHO3HATHO CBUJIETETHCTBOBAJIO
661 0 Hapymenuu uian CPT-cumMerpun, nin SKBUBAJIEHTHOCTH TPABUTAIIMOHHOIO MOJISI 1
HEMHEPIMAJBHBIX CUCTEM OTCYeTa, KOTOpas HeAABHO ObLIa IIOATBEDPKJIECHA IKCIEPUMEH-
TaJbHBIM HaOsoeHneM dddexta Jlenze-Tuppunra.

Bo03MOXKHOCTH 3KCIIEPUMEHTATBLHOIO OIpeJieieHnst (DYHIaMeHTaIbHBIX CBOMCTE B3au-
MOJIEHCTBHSI CIIMHA C MPABUTAIIMOHHBIM T10JIeM ObLIM ucciegoBanbl B pabore [1]. Tlyrem
PEMHTEPIPETAINN Pe3Y/IbTaTOB PaHee MPOBEJIEHHOI0 SKCIIEPUMEHTa CO CIIMHAMU aTOMOB
prytu [2] B [1] 6bLTO TOMYyYeHO TIEPBOE KCIEPUMEHTAIBHOE OTPAHUYEHHE Ha BEJININHY
AHOMAJILHOI'O ITPABUTOMArHUTHOrO MoMeHTa. Jls1 mposepku coxpanenns CPT-cummerpun
B TPABUTAIMOHHOM B3auMojieficTBun B [1] ObLIO TPEIOKEHO U3MEPSATH MAJIYI0 PA3HOCTh
GOJIBIIUX YACTOT MPENECCUU CIUHA JIEKTPOHOB M MO3UTPOHOB B MarHuTHOM ToJje. Vc-
HOJIb30BaHUE METOOJIOruu mpoBeernst D/ M-skcrepumenTta («3aMOpaKUBaHUe» CIIUHA

IpU «MaruvdecKoM» UMIyJibce p = mc/\/(g — 2)/2 u BbIGOpe paJabHOrO JIEKTPUIECKO-
IO TI0JIs B KA4eCTBe OCHOBHOTO [3]|) MO3BOJISIET CYIIECTBEHHO YTy YT TOYHOCTD TPOBEP-
k. MeTos «3aMOpaykKUBaHUsA» CIUHA MO3BOJISET YCTPAHUTH He TOJBKO (g-2)-Ipereccuo
JUI P = Do, HO TaKyKe JIMHEHHBbIE W KBAJIPATHIHBIE UJIEHBI B PA3JIOKEHUU YaCTOTHI (-
2)-nperieccun 110 creneHsM (p — po)/po [4]. Kax u B 9JIM-skcnepumMenTe, B mpeiarae-
MOM 3KCIIEpUMEHTe HeOOXO0UMO YBeJInYeHne BpeMeHn KorepeHTHocTu crmaa 10 ~ 1000 c
BCJIEJICTBIE MAJOCTH 4acToThl Bpamenns 3emun (11.6 pl'm).

[1] A.J. Silenko and O.V. Teryaev, Phys. Rev. D 76 (2007) 061101(R).

[2] B.J. Venema, P.K. Majumder, S.K. Lamoreaux, B.R. Heckel, and E.N. Fortson, Phys.
Rev. Lett. 68 (1992) 135.

[3] Y.K. Semertzidis, AIP Conf. Proc. 1149 (2009) 48.

[4] D. Anastassopoulos, et al. (EDM Collaboration), “AGS Proposal: Search for a
permanent electric dipole moment of the deuteron nucleus at the 1072 e-cm level”,
http://www.bnl.gov/edm/deuteron proposal 080423 final.pdf
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KBaHTOBO3JIeKTpO,HI/IHaMI/I‘{eCKI/Ie ACIIEeKTbI Teopuu
KOCMOJIOTMYEeCKO peKOM6HHaHHH.

JI.H. Jla630Bcknii®®, JI.A. Comnosben?, T.A. BanamormHos®

* Quauveckuli gaxysomem, Carnxm-Ilemepoypecruti Tocydapcmeennviii Ynusepcumem,
198504 Ilemepeogp, Canxkm-Ilemepbype, Poccus
b Canxm-Iemepbypecruti Unemumym Sdeproti Quauru, 188300 I'amwuna,
Canxm-Ilemepbype, Poccus

B pamkax K9/I npeacrasiena mpocrast MOJIe/Ib, HA OCHOBE KOTOPOI YJIaeTCsl OIEHUTD
OTHOCHUTEJILHYIO POJIb BKJIAJI0OB MHOIOMOTOHHBIX IIEPEXOJIOB B IIPOIECC OTPHIBA U3JIy YCHUS
B SII0Xy KOCMOJIOTHYECKOI pekoMOumHalmu. B JacTHOCTH MOKa3aHO, UTO B JIOMOJTHEHUE
K XOPOIIIO M3BECTHBIM JBYX(POTOHHBIM II€PEXOIaM HEKOTOPBIE TPEX(OTOHHBIE IIPOIECCHI
pacmaza MoryT JasaTh BKJiaj nopsaka 0.1%, | T.e. Ha ypoBHE TOYHOCTH ILIAHUPYEMbIX
acTpopu3NIecKnX IKCIepuMeHToB. [lojrydeHHbIe OIEHKN He MOTYT B IIOJTHOW Mepe 3aMe-
HUATb TOYHOT'O PEIeHUsI acCTPOPU3NICCKUX ypaBHEHUN OajiaHca, 0JIHAKO MOTYT CJIYKUTh
B KadecTBe ITOKa3aTe/Isi TOro, KaKhe IIPOIECChl JOIKHbBI ObITh yUTEHBbI B acTpodusnte-
CKUX MccIeoBanngax. Harmm nceirenoBannst ocHOBaHbI Ha " IByX(DOTOHHOM IPHOINKEHIH
B paMKaxX KOTOPOI'O OIHMCHIBAIOTCS KACKAIHbIE MHOTO(MOTOHHBIE IIPOIECCHI U3JIyUEHUs C
HaJIM9IueM B HUX JBYX(OTOHHBIX mepexoynos [1], [2].

B pamkax jaHHO# pabOTBHI UCIOIB3YETCH UJIesd O BEPOATHOCTHU Iepen3/iydenns poTo-
Ha, Biepsble Bejennast F. Low B [3]. Cortacuo 910t uee, ecim aroM usjydaer hOTOH,
KOTOPBII MMeeT pacipeeseHne M0 JacTOTe KaK Pe3y/abTaT IPEeIbIILYIIEro MOIJIONEHNs,
TO TIOJTHAS BEPOSITHOCTH Iepen3aydeHust (pOTOHA MOXKeT OoTaudaTbesa oT 1. Oraumdnme oT
€JIMHUIIBI MBI COIIOCTAB/ISIEM C OTPBIBOM U3JIydeHusi. MBI To1araeM TakzKe, 9TO MCIIOIb30-
BaHME OJIHOTO IIPOIECCa IEPEN3/IYIeHUs JJOCTATOTHO JIJIsi HOHUMAHUS POJIA OIIPEICICHHOTO
KaHaJ/1a paciaja B IIPOIEcce OTPhIBA U3JIYIeHUS.

[Mosubrit Bay Bo30yxkaeHubIX ns(n > 2), nl(l — 1,2,3,4,n < 4) cocrosuuii B aTome
BOJIOPOZA B IIPOILECC OTPBIBA, U3/IyUeHUs 110 HAIMM OIleHKaM gocturaer sHadenns 0.21%,
9TO He SIBJIIETCS MIPEHEOPEKMMO MAJIBIM ¢ TOYKH 3PEHUs IJIAHUPYEMO#l TOTHOCTH acTPO-
pU3TIECKUX IKCIEPUMEHTOB.

Crmicok auTepaTyphl

[1] D. Solovyev and L. Labzowsky, Phys. Rev. A 81, 062509 (2010)
[2] D. Solovyev and L. Labzowsky, Can. J. Phys. 89, 123 (2011)

[3] F. Low, Phys. Rev. 88, 53 (1952)
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Cay4aiiHa Jiu BeJIMYMHA MacChl IIPOTOHA?

O.B. Tepsie
BJIT® OUAN

PaccmarpuBaerca "obparras" KX/ sBostonust cpeiHEro UMITy/IbCa KBAPKOB U TUIFOO-
HOB B aJipoHax u (hbOTOHAX IPU MEPEXOJE OT OOJIBINMAX UMILYIHCHBIX MACIITAO0B K MEHb-
mum. [Tockosbky ona umeer |1] "anTukunerndyeckuii" xapakrep, TO OTKJIOHEHHE HAYAb-
HBIX YCJIOBHUiT OT ACHMITOTHYIECKUX (JIJIsT TPSIMOI 9BOJIIOINN ) 3HAUECHHH B YIILTPadUOIETO-
BOIl 00JIACTH MOXKET NMPUBOJUTH K HAPYIIEHUIO MTOJIOKUTE/IHHON OIPE/IeIEHHOCTH MATPH-
Bl IJIOTHOCTH. B ciyvae cayvaiiHOro BI60pa HAYAJbHBIX YCJIOBHUIT (CBSI3aHHOTO, B CBOIO
o4epeib, co caydaiinocTeio Macmtaba KXJI v agpoHHBIX Macc) HamboJsiee BEPOSITHBIMU
SIBJISIIOTCS 3HAYEHUS B HU3KOIHEPTIeTHIECKOI 00/1acTu, O/IN3KIE K aCUMIITOTHIECKIM, ITO
HE CTOJIb V3K JIaJIeKO 0T Hab/moaeMbix. OOCYK/1aeTCst CBS3b C PABHOPACIIPEICTIEHUEM M-
My/JIbCA U MOMEHTA MMITYJIhCa MEXK Iy KBapKaMU U TJIFOOHAMH, O3HAYAIOIINM TaK:Ke CIIpa-
BEIJIMBOCTDL IIPUHIIUIIA SKBUBAJIEHTHOCTHU IJId HUX II0 OTAE/JIbHOCTMH.

[1] X. Artru, M. Elchikh, J.M. Richard, J. Soffer and O.V. Teryaev, Phys. Rept. 470
(2009) 1 [arXiv:0802.0164 [hep-ph]].
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HNcropuyeckue acriekKTbl COBpEMEHHO pedopMbl METPOJIOTUN
K.A. Tommaun

Hremumym ucmopuu ecmecmeodranus u mexvuxu um. C.H.Basunosa, PAH

B ocnose coBpemennoii pehopMbl METPOJIOTUH JIEZKAT KaK TEOPETUIECKUEe UJIEU eCTe-
CTBEHHBIX CUCTEM €JIMHUII, BBIJIBUTABIIUECA B TedeHue rnocjaeannx 150 jeT, Tak u ycrexu
COBPEMEHHOM 9KCIEPUMEHTAJILHOM (pu3nKu. KcTecTBeHHbIE CHCTEMBI €JIUHUIL, CBI3AHHBIC
¢ dyHIaMeHTAJIbHBIMI MTOCTOTHHBbIMU TTpeiaramuch JIxk. K. Makcsemtom, JI:x. Cronnm,
M. ITnankowm, /1. Xaprpu, A. Pyapkowm, V. Hltusie u gp. DTH CHCTEMbI €IHHUIL OBLIA OC-
HOBaHbI HA Pa3HbIX KOMOMHAIUAX TAKUX (DyHIaMEHTAJIbHBIX TOCTOSHHBIX, KAK CKOPOCTH
cBeTa ¢, ocrosinnas [lmanka h, rpaBuTanmonHas nmocrosinaas (G, dJleMeHTaPHBIN 3apsiT €,
nocrostHHast BosbiMana k, Macchl 9IeMEHTAPHBIX YaCTHUIL 1M, WK M, 1 JIP. (CM. 0030pBI:
[1, 2, 3]). Cpeu ecTecTBEHHBIX CHCTEM CJIE/LYET BBIIEIUTEH CHCTEMY, TIPEeJIIOzKeHHYy 0 B 1949
r. memerikuM Merpostorom Y. Hlrumre (¢, h, my, e, k) (BeposaTHO, OH ObLI HEPBLIM, KTO
PEJJIOZKUIT BBIOUPATh B KAYECTBE STAJOHOB MOCTOSIHHBIE ¢, h W € OJIHOBpEMEHHO). DTu
MJien HAMHOTO OIEPEJIMJIM CBOE BpPeMs, HEKOTOPbIe M3 HUX, TaKue KakK IJIAHKOBCKAs CHU-
cTeMa M cucTteMa XapTpH, MUPOKO MPUMEHAIUCH TOJHKO B TEOPETUUIECKO pU3HKe, HO He
MOIJIM CTaTh OCHOBOI METPOJIOTHH B CUJTy OOJIBIIOH HETOYHOCTU STAJTOHUPOBAHUS € IMHUI
pU3mIeCKUX BEJIUYUH HA OCHOBE THUX MOCTOSHHBIX. OJIHAKO OTKPBITHE MaKPOCKOIIHYe-
CKUX KBAHTOBBIX 3((HEKTOB, pA3BUTHE JIA3EPHBIX U JIP. TEXHOJIOTH{T, TPUBEIN K TOMY, UTO
cHaJaJIa CKOPOCTh cBeTa ¢ B 1983 1. ObLia IpuHSATA B KaYecTBe 9TaJ0HA, a 3aTeM U K IIe-
pPexojly B COBPEMEHHOI METPOJIOTHH K BHIOOPY OJHOBPEMEHHO B KA4YeCTBE ITAJIOHOB TaKUX
IIOCTOAHHBIX ¢, h, ¢ u k, Ha OCHOBe MOJIepHU3AINK ITpakTudeckoii cucrembr CU.

Pan xpynubix dusukos, taknx kak M. Bopu, M.II. Bponmrreita, II. Bpumkmen,
®. Buiibiuek ykasblBaju Ha HEBO3MOXKHOCTH OJHOBPEMEHHON (DyHIAMEHTATbHOCTU BCEX
TpeX MOCTOAHHBIX — ¢, h U €, U, COOTBETCTBEHHO, HEBO3MOXKHOCTH BBIOPATH UX OJHOBpE-
MEHHO B KQIECTBE TATOHOB. DTU MPEJICTABIEHNs OBLIN CBSI3aHbI C UCIOJIB30BAaHUEM ITHMUI
dusukamu rayccopoit cucrembl. OiHaK0, KoadgduimenT B 3akore Kymona Beipazkaercst de-
pe3 Tpu (yHIaMeHTaIbHbIE TOCTOAHHBIE U TIOCTOSHHYIO TOHKON CTPYKTYPHBI 110 (hOpMY.IE,
BEepHOil B OOBIX cucteMax eauuuil; k, = afic/e?. TlosToMy Takue CUCTeMbI eJIUHUIL ABJIs-
IOTCSA BOBMOXKHBIME. B €BOIO odepejib, rayccoBa cucTeMa JIOJIZKHA MOJIEPHIU3UPOBATHCS 34
cJeT oTKasa oT BbIOOpa 1 B 3akone Kysona B 1MOJIb3y MOCTOSHHONW TOHKON CTPYKTYPHI (v,
TOJIBKO B 9TOM CJIydae CHUMAaEeTCs IPUHITUIINAIBHOE TPOTUBOPETNE MEXKLY ITOI CHCTEMOI
1 TpeOOBAHUSIMU COBPEMEHHON KBAHTOBOW METPOJIOTUH.
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[2] K.A. Tomilin, Proc. of the XXII Internat. Workshop on high energy physics and field
theory. Protvino (2000) 287-296.

[3] K.A. Tomummn. Oynnamenranbibie GU3NIECKUE TIOCTOSHHBIC B HCTOPUIECKOM 1 Me-
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KBanTOBO3/I€EKTpOAMHAMUYECKU BBIBOJ €CTE€CTBEHHOUN (POPMBbI
CIIEKTPAJIbHON JIMHUMU JIJId Ilepexoaa MeKy JAByMd
IIPOU3BOJIbLHBIMU COCTOAHUAMU B aTOMe

JI.H. Jla6zosckmit®, JI.A. Comosrés?, T.A. Banamorauaos’

¢ HUN® Cliel'y, 11U D
" HUUD CII6I'Y

B nmannoit pabore Mbl JaéM CTPOrHil KBAHTOBOIJIEKTPOIMHAMUYUECKUN BBIBOJ, €CTe-
CTBEHHOI (POPMBI CHEKTPAJIbHON JIMHUU JIJIsi IIePEeXojia MEXKJy JIBYMs ITPOM3BOJILHBIMUI
BO30Y>KJIEHHBIMU COCTOAHUSIMU B aTOMe BOopojia. B paccmarpuBaeMoM HaMU CJIydae BO3-
OY2KJIEHHBIN yPOBEHDb @ IEPEXOJIUT HE B OCHOBHOE COCTOSHHUE (g, & B MIPOMEXKYTOUYHOE @1,
3aTeM B ap ¥ T.JI. TaK MOJIHas TEeNovKa Iepexo/I0B U3 HAYaJIbHOTO COCTOAHUS B KOHEUYHOE
cTabMJIbHOE BBITJIAJIUT CJACIYIONIUM 00pa3oM a — aq — a1 — Qg — ... — .
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