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lNpeabicTopun

UioHb 1920 - 3.Pesepdopa BbiCka3an MbICNb 0 BO3ZMOXHOM CyleCTEOBaHUMN
HEeWTPanbHON YacTULbl, 0Gpa3zoBaHHON B pe3ynbTaTe TeCHOro COeANHEHUA
NPOTOHA W 3NEKTPOHa

1920 - B na6boparopuu Pesepdopaa (O.Mnaccox, [1.PoGepTc) NOUCKN «HEUTPOHA»
Npu NponyckaHuM 3NeKTPUYeCcKoro paspnaaa Yepes soaopon

1928 - 3.Pezepchopa n x.YsaBur noBTopeHne ONbLITORB C pa3paaom —
NOMUCKU NOHU3ALMM C NOMOLLLIO cyeTuYnKa MInrepa

1928 -29 (?) Ox.Y3peur- uaea o BO3MOXHOM POXASHUM HEeWTPOHa npu 6oMGapavpoeke
atomoB npotonamu. Moucku Tpancgopmatopa Ha 200 kB. B nucume Pesepdopay: «A Ernest Rutherford
CUMTAI0, YTO Mbl AOMKHLI MPUCTYNUTL K NOANTMHHLIM NOUCKaM HENTPOHA. YBEPEH, UTo
pacnonarato AeICTBEHHOW CXeMOW paboTbi»

WMwoHb 1930. — W. Bothe n H. Becker. Habnioaenue y -ny4ei (oHW Tak cunTanu)

npu obnyuenuu a - Yactuyamu Be.

xcnepumeHTanbHble ykaszaHua ( Webster, Cavendish lab.) Ha HanpaBneHHOCTL
GepunnueBbix nyvyen. Ysaeuk nonaraet, YTo peUb UAET O HEUTPanNbHOW YacTuue.

Ho aymas, utro u HEUTPAINBbHAA YACTULIA IOITHKHA NPOU3BOAUTL UOHU3ALIMIO,
nponyckaeT nyuu yepe3s kamepy BunbcoHa. Pe3ynbtar oTtpuuartenex

James Chadwick
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Pa6ota UpeH Kiopu n ®. XKonwuo (1932).
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MapadwmH, LlennodaH

U3nyuyeHue, nopoxanaemoe d - nyyamm B
Gepunnum BbIGUBaET NPOTOHLI U3
Boaopoaocoaepxawmux seuwecte. Monaran
Bcnep 3a Bore n Bekxepom, YTO 3TO Y nyun,
OHM oueHMNU ux 3Hepruio B 50 n 35 MaB
ana Be v B cooTBeTCTBEHHO.

Jrexmparemp
Togmarna

Pre, 1 Hpeun Kiopu u ®penepux Kosauo
o as B snaGopatopun (1934 r.).

I.Curie, F.Joloit —C.r..Acad..sci.Paris , 194 (1932) 273
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OTKpbITUE HenTpoHa (1932)

WL DU DAAGE ) LLLL Y I WA el Sasre

BaKyym WOHW3ALMOHHAA
Kamepa
_ I ;
>
@, n » YCRAMTENe —— OCLMNNOTpach
C Be MULUEHE

Po - vcTOMHUK

Puc. 1.3. Cxema onnrra Hameuxa

W3mepue 3Hepruio BbLIGUBaeMbIX NPOTOHOB U ANEP OTAAYM a30Ta
YsnBuk Npuwen K BLIBOAY, YTO rMnoTesa y-ny4yen NpoTUBOPEYnT
3aKOHaM COXPaHeHUA 3Heprum n umnynikca. Mpotusopeune
CHMMaETCA eCNnu pedub WAEeT 0 MAaCCUBHOM YacTuLe C MacCon

6nu3Kkon k macce npotoHa — HEMTPOH!
Nature17 deepann 1932r

’Be + ‘He = "*C + n, "B+ ‘He="N+n

Cnycta 3 mecaua: Macca HeMTpoHa m = 1.15% 0.10

KoHe4yHO, MOXHO ObINo Gbl NPeAnoNoXnTb, YTO HEUTPOH ABMNAETCA
. anemeHTapHou Yactuuen. OgHako HET JOCTATOYHbIX
J. Chadwick OCHOBAHWM npuHATL 3Ty TOUKY 3PEHUs, 32 UCKIIOYEHNEM

BO3MOXXHOCTU OObSACHEHUS1 CTaTUCTUKMN Takux ssgep Kak '“N.
YsaBuk
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N3yuyeHne cBOUCTB HEUTPOHaA

Macca: |I. Curie, F. Joloit, (1933) m. =1.011+1.011 a.e
I. Curie, F. Joloit, (1934) m_ =1.010 £ 0.005 a.e

Macca: Chadwick, Goldhaber (1935) ®oTtopacwenneHue gerToHa
2 - 1 1
, D"+ hv=H + n

m_ = 1.0084 + 0.0005 a.e u npegnonoxeHne o BO3IMOXHOW PagnoakTUBHOCTM HEWUTPOHA

CoBpemMeHHoe 3Ha4vyeHne m_ = 1.008 664 915 78 (55)

O.0.NBaHeHko, J. Chadwick, W.Heisenderg, 1932

CnvH s = 2 h MMnoTe3a o NPOTOH-HEMTPOHHOM COCTaBe aTOMHbIX iAep
CTaTucTuKa nerkux sagep.

Mo3xe — onbITbl C MarHUTHbLIM pacwiensnieHnem CoOCToAHUA
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MarHeToHoOB

Otto Stern

Tenepb, ..... haxe TPyAHO MOHATb, No4yemMy 3TO Obino
BOCNPUHATO KaK Henenas epecb, MNpPOCTUTeNIbHas ele, ecnu ee
BbiCKa3an 3KCNepuMeHTaTop, HO NOCTbiAHAsA B ycTax o6pa3oBaHHOro
TeopeTuka. Torga cUMTanNoCb HECOMHEHHbIM... YTO 3JieMeHTapHble
yacTMubl - TOYeYHble, U Yy HEUTPOHA, He Hecywero B LUeNoM
3N1eKTPUYECKOro 3apsaa, HeoTKyaa B3siTbCA MarHATHOMY MOMeHTY. Ha
XapbkoBckom coBewaHuu 1934 r., rae O6blna gonoxeHa 3Ta pabora,
ObINO MHOro KpynHbiX (PU3NKOB, CaMbIX UMEHUTbIX MHOCTPAHHbLIX W
Hawwmx. (B T.4. n H.Bop. np.A.®.)

Uropb EBreHbeBuY pacckasbiBan MHe, KaKk MANKO U aaxe c
HEeKOTOpPbIM COCTpajaHuem 3TU nau, No6muBLLME U yBaXaBLUMe ero,
naun, KOTOPbIX U OH rNy6OKO yBaXarl, cTapanMCb Ha pa3HbIX A3blKax
OOBLACHUTL €My Henenoctb ero BbiBoga. OH MX BHUMaTeNbHO
cnywan, ¢ ropA4YHOCTbK CMOPUIT U HE MOl OTCTYNUTbLCA OT CBOEW
TOYKN 3peHns — OH He Bugen yb6eguTenbHOro OMNPOBEpPXEHWUS.
BnocneactBum - 1 CKOPO - CTaso SICHO, YTO OH Obin nNpaB

E.J1.®enHGepr

MarHUTHbLIN MOMEHT HEUTPOHA

I. Estermann and O. Stern (Anpenb 1934r) OnwuiT LUtepHa-Fepnaxa c H2u D2

K, =-1.5 + -2 AnepHbIX MarHeToHOB

C.A. Anbuwynep u U.E.Tamm (dbeBpanb 1934r)
(MarHuTHbIE MOMEHTHI siAep € YeTHbIM Z U HeyeTHbIM N) . [1-0.5 apepHbIX

WU.E. Tamm, H.H.CemeHoB n H.Bop B nHCTUTYTE
cdounsmyecknx npodnem (1961)
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MarHUTHbLIN MOMEHT HEUTPOHA

F. Bloch. (1936)  MarHuTtHOEe paccesiHMe HEUTPOHaA
1. 3aBUCUMMOCTb cevyeHnAa oT TemnepaTtypbl (Touka Kropu!)
2. HamarHu4yeHHoe Xenes3o Kak nonspusatop u aHanumsartop

I.I.Rabi (1937) Bpawatoweecsa 3/m none Kak acpheKTMBHbIN CNUH- conunnep

J.Swinger (1937). Teopusa genonapusaumm B paaMmarHU4eHHOM Xerese
O.Frish, H.Halban, P.Powers. (1937). MarHUTHbIN MOMEHT HEMTPOHa OGHapyXeH B onbITax
C HaMarHM4YeHHbIM Xene3om u donunnepom Padwu. -3 <H, < -1 a.m.

L.Alvarez, F. Bloch (1940) A3mepeH MarHUTHbIN MOMEHT HeUTpoHa | < -1.93 £0.02 p,
CoBpemeHHoe 3HaveHue L, = =1, 9130427 £ 0, 0000005 u,,.
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F1G. 5. Neutron resonance dip. The magnet current in
arbitrary used is plotted against the fractional change

(AI/I) of the intensity of the neutron beam.
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BornHoBble cBOUCTBA HENTPOHA

W. Elsasser, 1936 Y HenTpoHa AOMKHLI ObiTb BONHOBLIE CEONCTBA

L
mV

H. Halban, P.Preiswerk, 1936. MonbiTka HaGnioaeHna avudpakumn

Mg0 CRYSTALS

]
A= 2dsing Ru-Be Pb cd ‘S/HIELDS . cd
\
I @ e e e & . e 10N |
PARAFFIN i CHAMBER
"HOWITZER"
———————————————— 45 CM ——~—~———mmm— -

D.Mitchel, P.Powers, 1936. lMNepBbi 3kCNepuMeHT No HabnoaeHnio Bparrosckon
avndpakuvn
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3apoxaeHue HeUTPOHHOU (PUIUKMK
®epmn ¢ coTpyaHnkammn 1934-1938 rr

1.PagnoKTMBHOCTb, HaBeAeHHass HEUTPOHHOM GombGapaupPoOBKOM 1934 (35-38)
2. BoamoXxHOe o6pa3oBaHue 35IEMEHTOB C aTOMHbIM HOMEpPOM Bbiwe 92 1934
3. BnnaHue Bogopoaocoaepalmx BewecTB Ha paauoakTUBHOCTD,
HaBeAeHHYI HEUTPOHaAMMU 1934
4. O 3aKOHe pacnpepernieHUs MeaneHHbIX HEUTPOHOB MO CKOPOCTAM 1935
5. O nornoweHuu n auddy3nm meaneHHbIX HEUTPOHOB 1936
/ ‘ 6. Anb6eno meaneHHbIX HEUTPOHOB 1938
Enrico Fermi OtkpbiTve aenexnn (1939)

Lise Meitner (1878—1968),
phn'l'n taken-in-1900

Otto Hanh Fritz Strassmann
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lMepBble peakTopbl

Yukaro, [lekabpb 1942r. MockBa, nekabpb 1946r
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Pacnapg HentpoHa
Chadwick, Goldhaber, 1935 (dpoTopaciuenneHue gentoHa) m, = 1.0084 + 0.0005 a.e.
N NPeAanonoXXeHne 0 BO3MOXHOM PaavoakTUBHOCTU HEUTPOHa

H.Snell, L.C.Miller, 1948, t,,,= 30 min

Radioactive Decay of the Neutron

J. M. Rossox
. . Atomic Iinergy Project, National Research Council of Canada,
Radioactive Decay of the Neutron* Chalk River, Ontario, Canada ‘
ARTHUR H. SNELL, FRANCES PLEASONTON, aND R. V. McCorp March 13, 1950

Oak Ridge National Laboratories, Oak Ridge, Tennessee
March 6, 1950.
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T,,=8 +15muH (1950r) T,,=12,8 £2,5 muH (1955r)
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Pacnag HeuTpoHa

N.E. CnuBak, A.H.CocHoBckuu, l0.A.lMpokoc¢beB, B.C.Cokonon (1950-55r.)

l0.A.lMpokocpbeB u N.E CnnBak B UHcTUTyTe KypuyaToBa

Pnc . Cxemarnueckuft 'pazpes [ycra-
i HOBKMU:

odbeMy; 2 — K ycH mrcmo 3 — K nacocy,

_ A —xkavepa; B — ummupr{ [eckuil * srerTpon;
T1,2=8 +1 5MV|H (1950r) T1/2—12,0 i 1,5 MWUH (1955) € — nenepaabliblil 2uekrpo; I — K daanac FIEOMY
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Pacnag HenTtpoHa u cnaboe B3anmoagencreme

B 50-80rr
KoHcTaHTa pacnapa 1 D’Angelo, MN.E.Cnusak, C.J. Christensen
I i
il 11
11 11 Zz
. i 7
! ji 1 [ A
L o
ey
¥ 3 f E- g.z N i 4
+35 v E fE,J,-- 7
: 3 em
B —
Pl 0
s25 (a0} v [l |4
T —a
L |-
Purc. 5. Cxema ommra KHpme- %ﬁ“
TeHCeHA B Op. % mo mamepe- v "
HHRK) BI}EMEEE HHASHHA HEﬁT" Figure 8. The IAE ncutron lifetime experiinent counting decay protons

pPOHA.

T=900 cek ToyHocTb = 10-15 cek
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‘ Pacnag HenTtpoHa u cnaboe B3anmoagencreme
B 50-80rr

MonsapuszoBaHHbIe HEUTPOHDbI, KOPpPEensLuuum, A = gAg

M.T. Burgy, V.E. Krohn, B.I .[Epo3onumckuu, C. Christensen
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HeutpoHHasn ontuka B 40-50rr

Fermi and Zinn (1944-46). Refraction index of neutron waves reflection from the mirrors

Nb : h |Nb
n°=1- —A ’ v, = vsinf<v, = — g IToanoe otpa>xenne
my T T
n
N — Yucno sapep B eauHuue oobema |b| _ |0,
4m
b — AnNuHa KOorepeHTHOro paccesHuA
Ly T
| T/‘M/o/lﬂ 19442

<o
<
<

Al
UM N

4 0 4 8§ 12 15 20 %%
Monoxcenue c4emMyuRa , MM

Pue. 1. I'paduToBoe 3epKajo. Yol CRONIHIKEHUS
3’. OrpaskenHslil nyTox cmemesi na 0,8 cu

7
Nokasanun cvemyuxa ¢ BFy, umn/

Enrico Fermi
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HeutpoHHasn ontuka B 40-50rr
(PaHHMe akcnepnMeHTbI No AndpakLMm HEUTPOHOB

Laue Photography of Neutron Diffraction

E. O. WoLraN, C. G. SuuLL, aAND M. C. MARNEY
Clinton National Laboratory, Oak Ridge, Tennessee
January 19, 1948
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S @ e \\INDIUM
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| ]
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F1G, 2, Schematic diagram of Laue camera for obtaining

Clifford Shll" neutron diffraction patterns.
’
NObel Prize Winner Of 1994 Fic. 1. Laue photograph showing neutron diffraction by NaClL
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HeutpoHHasn ontuka B 40-50rr
(PaHHMe 3KkcnepumMeHTbl No aAudpakLum HEMTPOHOB)

% Konnumamop
.\ % /

Kadmuesas mpybra

Bopo-napagpurosasn
3awuma

Kodmuesas mpybra

06pase; | \

Napagpun

®ur. 5. JlBoiiHOi HeHTPOHHBI KpuCTall-CleKTpOMeTp B Xapysiie

cyemyura

¢ur. 6. Cxema ycrpoiicTBa HEATPOHHOrO CMeKTpOMeTpa 1950

B Xapyaane,
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®peHeneBckan AndpakunAa XONOAHLIX HEUTPOHOB

Roland Gahler,

FabRanTE
Sur

DM OF
ADw
NELTROWS

R.Gahler, A.Klein, A.Zeilinger, 1981

(A=2nm)

I/1,
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s ]
J ’ : hy? — -"?'*,‘;- i i i
+s : -7 0 ! 2 E R 74

FIG. 3. Measured diffraction pattern of an ahsorbing
ptralght-edge compared with the curve obtaiced from
standard linear theory,
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Mpu3Mbl 1 NUH3bLI ANA HEUTPOHOB
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Fig. 6. Rocking curves of the double crystal spectrometer in

the experiment with deflecting prisms.
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Paduyc Kpuluskt: 24 mM

C.Shull. Jlekuns Ha HeNTPOHHOM LLKONE

B AnyuwTe (1969)

J.Felber, R.Géhler, J.Kalus, W.Mampe (1980)

JlnHza BorHyTtas! (n<1)

q=(-0.4 £ 1.1)10' e (1988r.)
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CKopoCTb HEUTPOHA B BELIeCTBe

B BellecTBe k = nk, k=

v

d v=nv, |(n<1) At:;K
[/

BpemeHHas 3agepxka

A.Frank et al, 2001
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Mouvckn 3[M HeuTpoHa
B NYYKOBbLIX 3KCNEepUMEHTax

®

11 mapta 2011r AOPO -100, LOy6Ha. A.N. ®paH1



Edward Mills Purcell (N.P.W. 1952) Norman Foster Ramsey (N.P.W. 1989)

On the Possibility of Electric Dipole Moments
for Elementary Particles and Nuclei

[£. M. PurceL.. AND N. F. RAMSEY
Department of Physics, Harvard U niversity, Cambridge, Massachuselts
April 27, 1950

T is generally assumed on the basis of some suggestive theo-
retical symmetry arguments' that nuclei and elementary
particles can have no electric dipole moments. It is the purpose of
this note to point out that although these theoretical arguments
are valid when applied to molecular and atomic moments whose
electromagnetic origin is well understood, their extension to nuclei
and elementary particles rests on assumptions not yet tested.
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Pe3ynbTaTbl NnepBoro akcnepumeHTta no noncky 31M HenTpoHa, noctaBrneHHoro B 1950r.
(J.H.Smith, E.M.Purrsell, N.F.Ramsey)
ObINn oNyGNUKOBaHbI TOSILKO NOCIe OTKPbLITUS HECOXPaHEHUSA YeTHOCTU

AHr YKIHbHUH INn YxaHpao By LUssiHbCIOH n.A.Jlanpay

Hobenesckas npemusi 19572 Hobeneesckas npemusi 19622

NMpo6bnema npubpena ewie 60nbLIYI aKTyaribHOCTb Nocrie paboTbl
Nn.A.Nanpay, B KoTopoun 6binio BBeaeHo noHATue CP-yeTHOCTU

J1.4.J1aHOay. O 3aKoHax coxpaHeHus npu crabbix
e3aumodelucmeusix XI3T®, 32, 405, 1957
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PHYSICAL REVIEW VOLUME 108, NUMBER 1 OCTOBER 1, 1957

Experimental Limit to the Electric Dipole Moment of the Neutron

J. H. Smite,* E. M. Purcerr, aNp N. F. RamMsey
Oak Ridge National Laboratory, Oak Ridge, Tennessee, and Harvard University, Cambridge, M assachuseits

(Received May 17, 1957)

An experimental measurement of the electric dipole moment of the neutron by a neutron-beam magnetic
resonance method is described. The result of the experiment is that the electric dipole moment of the neutron
equals the charge of the electron multiplied by a distance D= (—0.142.4) X 1072 cm. Consequently, if an
electric dipole moment of the neutron exists and is associated with the spin angular momentum, its magni-
tude almost certainly corresponds to a value of D less than 5X 1072 cm.

BD| E!,:,HE Bull E
——

by =248 v =2p,B=2d,E Ay =2u,B— 24 E

m,=-1/2 —l— —

H= B-d E

=
w
I
t

| F1c. 1. Schematic diagram of the apparatus. 4, the magnetized
| v(T)-v(T)=av=-4dE /h |
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OTKpbITME HecoxpaHeHus T —yeTHocTu B K° —pacnaae (1964r)

VoLUME 13, NUMBER 4 PHYSICAL REVIEW LETTERS 27 Jury 1964

EVIDENCE FOR THE 27 DECAY OF THE K,° MESON*T

J. H. Christenson, J. W, Cronin,I V. L. Fitch,I and R. Turlay§
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

James Watson Cronin Val Logsdon Fitch

Hobenesckas npemusi 1980e
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Fi6. 2. Sketch of the experimental arrangement of the apparatus.
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1968 & Madi

Tom 95, even. 1
JCONEXH PHSHYECEHX HAV K

JJERTPHYECKRE jJiAT1OIbHbIE MOMENThL
JJEMEHTAPHBIX YACTAIL *)

@d. J. Hlanupo
A pyroit BO3MOMKHBEIH NTyTh COCTOMT B KHCHOJL30BAHHH HTPEITOKeHUA

f1. B. 3expmoBuua 3 0 XpaHeHHH YIbTPAXOJIOTHHX HEHTPOHOB B 3AMKHYTOM
monocta (puc. 7). IeliTpoHE co cxOpocThPI0 Meunilie TDAHWIHOM,

vrp = % VﬂNbgor, (10)

MCOBITHBAIOT TIOJHOE OTPAyKeHMe OT MOBEPXHOCTH BELIeCTBA NPH JHOOLIX YyIVIax
namenna (m — Macca Heiitpona, N — umeno axep B 1 ca®, buor — Korepenr-
mas qumaa paccesana). Han Nit® vo ~ 10 at/cer; Tak Kak B MAKCBEIIOB- yya/g

: - &.J1. Wanupo
HEH,’??,U.{MHMH APYGK
ame ,D‘E.ﬂ#n’fﬂpﬂ

N Femexmasy

Pue. 7.

XPAHEHUE XOJIOAHBIX HEWTPOHOB
H. B. 3eavdosuy

Vea yaepmanus MENJIeHHbIX HEHTPOHOB BRICKA3hIBA/NACh HEOXHOKDATHS,
OHAKO COOTBETCTRYIOU(HE OIBITHL 10 CHX ‘NOP HE NPOH3BOJMIMCE H B JUHTEPR
Type HeT jaMe rpyGulX OUEHOK, OTHOCSIIMXCS K STOMY BONPOCY.

H3BecTHO, 4TO MEJICHHBE HEHTPOHE! HCHBITHBAIOT NOJHOE BHYTPEHHEE OTpa
eHHEe NPH CKOMb3AUEM NajieHuu Ha NOBEPXHOCTL 60bHCTRa Beuects. [p

AOCTATOYHO MaJIOH CKOPOCTH HEHTPOHB! HE CMOLYT NPOHHKHYTb B TaKOe Belle
A.6.3enbaoBuy B 1960r CTBO JaX<e NpH HOPMaJbHOM nafenuu. Tak, i yIVeposa C TUIOTHOCTHY

11 mapTta 2011r AOPO -100, LOy6bHa. A.N. ®paHr7



Ipa YXH
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Ceoucrea YXH

MonHoe ompaxeHue npu ecex yanax nadeHus
U 803MOMHOCMbL XpaHeHUs 8 3aMKHymbIX cocyodax

A = (40é100)nm v= (367 m/sec

E=x (0.26 2]t 107eV LHC > T110%eV

OmHoweHuUe 3amux eenuYuH Mo20 Xe nNopsidKa,
ymo u
omHoweHue paccmoaHuna 3emna-ConHuye u pasmepa amoma
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@.J1. Wanwupo, B.U.Jlywuukos, A.B.Ctpenkos, H0.H. lNokoTunoBckum

Hucona e X918

T.9 1969 Bus, 1

HABJNJEHNE YIBTPAXOJIOAHMX HEATPOHOB

0
g B.H . JIywsxos, 'D.H Moxomszoscxsié, A.B.Cuperxos,
@1 .Manspo

Puc. 1. Cxema ycTaHOBKHK

Albert Steyerl

Volume 298, number 1 PHYSICS LETTERS 31 March 1969

MEASUREMENTS OF TOTAL CROSS SECTIONS FOR VERY SLOW
NEUTRONS WITH VELOCITIES FROM 100 m/sec TO 5 m/sec

A.STEYERL
i Miinchen, Munich, Germany

Physik . T

Received 24 February 1869

Very cold neutrons from 60 jzeV to 0.1 fLeV were obtained through a vertical total-reflecting neutron
guide tube. Total cross sections measured by time-of-flight technique for gold and aluminium were

found to obey the 1/v law.

as 42 m/s in a "Doppler chopper™ where the

Palmgren [1,2] was the first to perform total
target moved in the same direction as the neu-

cross-section measurements for neutrons as slow
,Q2mm thick
‘Aluminium Wil

,,,,,,,,,, ‘Samp
“Aluminium Window QImm

evacuoted L};’:W?" Copper
to 107 Yorr/‘  dia. Sem
Rx
Sdm Glass. Chogper with
13 Boron Silicafe Glass
Plates 15mm gpart
co!

|
|
3 !
[ .
S T
[ | Cd Segment
Ch 78 rpm
Chopper '
+-—A
E I Electropolished ond
~ + Nickeled Aluminium
I Z Tube, Scmdia.
Grophite Svcww-hﬁ// a
Mogerator 2em tavide eactor b) Chopper System
Reactor Core ZW

@) Neutron Guide Tubé
Fig. 1. Vertical beam tube for very slow neutrons.
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Oea Tvna akcnepumMmeHToB ¢ YXH

|. SKcnepuMeHTb! ¢ xpaHeHuem YXH B noeywkax.

1. Mouck EOM HenTpoHa
2. iamepeHue BpeMeHn MU3HN HeUTPOHa.

Il. SxcnepuMenTbl, ANA KOTOPbLIX CyWEeCTBEHHA
Manasa BenuunHa 3Heprumn HeuTpoHa (bonblwan
ANVHAa BOMNHbLI)

1. Knaccuyueckan v KBaHTOBaA HEUTPOHHaA
onTuKa
2. Mpeunznonnan cnexrpomeTpua YXH
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Sxcnepument NMUAP no noucky 3OM 1969 — 1996rr
(B.M. JloGawee ¢ coTpyaHukamm)

B.M. NNo6awee

o Y| || Y

d = (+2.6+4.0+1.6)-10-26 e-cm
d. [<9.7.10% e.cm (90% C.L.)
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RAL -Sussex-ILL 3M 3xcnepumenT 1984-1999

Neutron EDM Experimental Apparatus

Fout-layer mu-metal shield High voltage lead

Quartz insulating Coil for 10 mG
cylinder magnetic field
; . Upper
Main storage cell clectode

Hgu.v. e R

N i, L
la N " 1||:|:I.. :ﬁ":\l kAt

PMT to
detect Hg
Vacuum wall wv. light
Mercury
prepolarising

P cell

RF coil to flip sping —————— TT— i |
g uv. lamp

Magnet - UCN guide
/ changeover
UCN polarising foil /

Ultracold
neutrons

UCN detector

11 mapta 2011r AOPO -100, LOy6bHa. A.N. ®paHi33



& EDM limits: the first 50 years

magnetic

| electron: -

1020 — neutron: * — 1(-20 Electro-

— 1022

— 10~
-l

L Multi
Higgs

Experimental Limit on d, (ecm)

1070 - 10

1960 1970 1980 1990 2000-
- 1032
Factor ~10 per 8 years B

— 1034 Standard Model

Cited ~280 times already! [ 107
[d, < 6.3x10% e:cm (90% CL): PRL 82, 904 (1999)] | 1038

"It is fair to say that the neutron EDM has ruled out mere theories (put forward
to explain K; decay) than any experiment in the history of physies” R. Golub
P Geltenbort (P. Harris) The 4th International Workshop on Muclear and Particle Physics at T-PARC (MPO8), Mite (Japan), S -7 March 2008




RAL -Sussex-ILL CryoEDM experiment (in progress)

Nuclear Instruments and Methods in Physics Research A 611 (2009) 129-132

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in e,
Physics Research A

ELSEVIER journal homepage: www.elsevier.com/locate/nima —

CryoEDM: A cryogenic experiment to measure the neutron electric dipole
moment

= NG 2

Fig. 1. The main components of the CryoEDM apparatus, Part A comprises the *He circulation eryostat with the super-thermal UCN source and the transfer cryostat with
the detector chamber. Part B contains the horizontal shields and storage cells.

Fig. 2. A picture of the horizontal shields connected to the UCN source.
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Pacnag HeuTpoHa

u u
nsd d:p
d ~C u
W e
— v [ 4908TE1Is
g (1430
CKM mixing matrix:
d, Vud VllS ub d
s |1=|V., V.V S GA
- cd cs ch l —
b’ 1vtd 1Vts 1vtb b 'E:ir‘i'

G, =G,V

ud

PRESENT
13.7 Billion Years
after the Big Bang
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“xcnepumenT «KoBw»

TIncema B XIT®, tom 52, b, 7, crp. 984 - 989 10 oxtsbpa 1990 r.
PE3VJIbTATBI W3MEPEHWI BPEMEHM XW3HWU HEUTPOHA C -
FPABMTAIIMOHHON JIOBYHIKOH YJIbTPAXOJIOJHBIX 1992 OUAN - NUAD T, = 888.4+3.3s
HEATPOHOB
2004 NMUADP —UJIJT (A.P.Serebrovetal.)t =878.5%0.8s

B.H.A,ud)uueuxoe”, B.E.Bapaamos, A.B.Bacunvea, B.I1.I'ydxos,
B.H.lemuxoe”, B.B.Heceuxeackuii, A.11.Cepebpos, A.B.Cmpe.nxoe“,

C.0.Cymbaes, P.P.Tanvdaes, A.I.Xapumonos, B.H.Illeeuoe‘)
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Filling of trap 6=180°
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Monitoring 6=30°
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Emptying 6=40°
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Emptying 6=50°
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ELSEVIER Nuclear Instruments and Methods in Physics Research A 440 (2000) 511-514 ——seclonA__

www.elseviernl/locate/nima

Neutron lifetime measured by monitored storing of
ultra-cold neutrons

S. Arzumanov®, L. Bondarenko™*, S. Chernyavsky*, W. Drexel®, A. Fomin®, /'
P. Geltenbort®, V. Morozov®, Yu. Panin®, J. Pendlebury®, K. Schreckenbach? '/

“Russian Research Center “Kurchatov Institute”, 123182 Moscow, Russia
Yinstitute Lawe-Langevin, BP 156, 38042 Grenable Cedex 9, France

“Technical University, D-85747 Garching, Gemany g
dumiversity of Sussex, Brighton BNT 90U, Sussex, UK 1 i ; .
‘ ; 4 1 o
» 5
X
S 3 Tt
| g w,f =

C.C. Ap3yMaHOB lO.H. naH"MH B.WN. MoposoB J1 H. Bou,qapeHKo
W, NpeHobnb, 2004r.
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XpaHeHune YXH B MarHMTHbIX NOBYLUKaX

MATHUTHBIE 3EPKAJIA, KAHAJIbI H bYTbIJIKH
AJ1 XO0JIOAHDBIX HENTPOHOB

B. B. BaadumupcKui

KITo, 1960

B.B.Bnagumupckun

1 - permanent magnet
2 — magnetic field guide

1,=878.4%18¢c
B & Exoe n ap.
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® beam experimenls
© slorage experiments

Nico et al
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UCNA Apparatus in LANSCE Area B
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YXH v HenTpoHHana onTuka

U.M.®paHk u @®.J1.LLlanupo
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YXH v HeUTPpOHHbLIN MUKPOCKON

NPYPOAA

Shoynony frue

R S

A3 M ok

CEHTABPDL

OTTACK A3 N 9
sa 1972 ron

Mucvma ¢ XITP, mox 38, swin.8, cmp. 559 — 560 20 oxmabps 1978 1.

0. MIPUMEHUMOCTH NPUHLNIIA $EPMA
K ONNTUKE YJAbTPAXO0JO/HWX HENTPOHOB

H.M.®panx, A.H.Ppanx

PaccmoTpen Bonpoc o NpuMerMmocTH npuuiuna Pepma K onTuke
YA TPAXONOAHBIX HERTPOROE (VXY Korua HALHaHe IpasHT LK CyUes-
TBEHHO HCKpUBASIeT TpaexkTopku Helirporos. [lokasaro, uto npunumn Pep-
Ma BHOJHE NPUMEHUM U B cayuae HelTPOHHBIX BOJH

11 mapta 2011r

Pue. 7. Hpocretias crena onuvirag f4s

ROAYUENUS ORTURECK020 USOOPOIENUS .
OTPGACRULM YabTpaZOAOTNMT nedTpo-
K08 OT sp2HyTOR0 sepkasa. Tepes ne-
Goanuioe orgepcrue A yavrpazoroed-
Hbie NelTpoR® nafalrT Ha §02RYTOE
sepraro. Ho g cuer cuanl TRMwecTi
uz RyTG uaLRbGIOTCR TAK, Kok ecAl Gu
onis wati no npasod us 0. Oo roll xe
npuwune ond cofiepyren ne & oOnTUYE-
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Neutron microscope with UCN and the problem of
image formation

A.Frank et al, 1986- 90

A.Steyerl et al, 1985 _ | Hsenmad
2 \
: =17 l 7
!_7 ﬂa{q ll}?;;l’;tlgﬁ’lﬂ 44 Fhsram
\\@ A o
; Jemexmay 7 7 ;’?’”‘
Lpepuvecxoe ed 7 s volewnri

4 L7,
_ E Arshrawense CHCIENSI
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- Resolution =15 y
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yens
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sEpRAA0

Resolution =10

Some ways for the solution of gravity aberration problem were found in 1990- th

11 mapta 2011r AOPO -100, LOy6Ha. A.N. ®paHib1




‘ KeanToeble athdhekTb! npv xpaHeHun YXH Ha
NAOCKOCTY

B.U.Jlywukoe, 1976; B.N.Jlyuwjukoe, A.U.®paHk, 1978

\ N\ I
E = mgH
Knaccuyeckas 3agaya npyu E,>> qw =
e ,; 3
= ; 2F. _On*n’mg?0 ]
B.WU.Mywmkos n U.M.®pank T=2 /—2 ho = S0 T £, 1601077 eV
mg i [
KBaHTOBbIN noaxop npu E. = &,
gk
/ 2 1/3
E, — ly® 5 * 5.9010" *cm
EZ — 2m g
1

Z
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B.B.HecBuxeBcku
"

Quantum states of neutrons
in the Earth’s gravitational field

Valery V. Nesvizhevsky*, Hans G. Borner*, Alexander K. Petukhov,
Hartmut Abelef, Stefan BaeBlert, Frank J. RueB, Thilo Stoferlef,
Alexander Westphalt, Alexei M. Gagarski:, Guennady A. Petrovi

& Alexander V. Strelkovs

* Institute Laue-Langevin, 6 rue Jules Horowitz, Grenoble F-38042, France

¥ University of Heidelberg, 12 Philosophenweg, Heidelberg D-69120, Germany
i Petersburg Nuclear Physics Institute, Orlova Roscha, Gatchina, Leningrad reg.
R-188350), Russia

§ Joint Institute for Nuclear Research, Dubna, Moscow reg. R-141980, Russia

The discrete quantum properties of matter are manifest in a
variety of phenomena. Any particle that is trapped in a sufficiently
deep and wide potential well is settled in quantum bound states.
For example, the existence of quantum states of electrons in an
electromagnetic field is responsible for the structure of atoms",
and quantum states of nucleons in a strong nuclear field give rise
to the structure of atomic nuclei”. In an analogous way, the
gravitational field should lead to the formation of quantum states.
But the gravitational force is extremely weak compared to the

NATURE VOL 415] 17 JANUARY 2002 | www.nature.com

> > > >
2 2 2 2
3 8 2 -
ki i W T
Z (um) u uf' uy w
A i % 11
50 P — - S —
40
30
20
1 0 [——— T II.

Bottom mirror

Figure 1 Wavefunctions of the quantum states of neutrons in the potential well formed by
the Earth's gravitational field and the horizontal mirror. The probability of finding neutrons
at height z corresponding to the rth quantum state, is proportional to the square of the
neutron wavefunction ¥2(2). The vertical axis z provides the length scale for this
phenomenon. £, is the energy of the nth quantum state.

A2 © 2002 Macmillan Magazines Ltd 297
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‘ Fabry Perot interferometer for light and its quantum

/

\\

% %

______
-

Quantum state—»>

analog

- A)—»=

1 00%

g Transmission 7, —=

&

Wavelength A

3

é =— Reflection R,
Ee

....... Energy, , ., ., . .,
1. A.A. Seregin, Sov. Phys. JETP 46 (1977), p. 859.
2. M.I.Novopoltsev et al.NIM A. 264 (1988) P.518.
3. A. Steyerl, et al, PhysicaB 151 (1988) 36.
4,

Bondarenko I.V., Frank A.I., Balashov S.N.et al.

J.Phys. Soc. Jpn. 65(1996). Suppl. A. P.29.
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‘ YXH cnekmpomemp ¢ ®abpu-llepo uHmepghepomempamu

Oea ®IU ¢ nepeMeHHbIM
PAaCCTOAHNEM MEeNay HUMMU
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‘ Neutron diffraction by a moving grating as a
non stationary quantum phenomenon

| Yy K
\% Z

A.Frank, V.Nosov, Physics Letters A. 188(1994),20
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Frank et al.JETP Lett, 81(2005) 427
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Test of the weak equivalence principle for a
neutrons.

Is neutron falling in the Earth gravitational field
with the same acceleration as a macroscopic bodies?

m,g H = 70

m,g,
migloc

A.N.8pank, P.Geltenbort, M.Jentschel, et al
lNMucbma 8 XKIT®, 86, (2007) , 255

1- = (1.8¢ 2.1)410™”

New experiment with planning accuracy to 10 is now in preparation
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~FLNP
P ekm yckopsirouje2ocsi sewecmea

o

kox_wot) R %k NN &

i( | KXWt i i(kex- g
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e

B cnyyae yckopeHHO20 dsu)keHUsi Yacmoma 60J1HbI, npowedweu
yepe3 npesomasrowul obpasey, omsau4yaemcsi om UcXoOHOU.

0, N,

H AEQD maL, —- 1 -
HentpoHbl ma ?111 HJ Ceet Aw [ cz (Il 1)

AE = (2-5)x10-'° eV
V.G.Nosov, A.l.Frank. Physics of Atomic Nuclei, v.61, pp. 613-623, 1998

A.l. Frank, P.Geltenbort, G.V.Kulin, et al, Phys. At. Nuclei, 71 (2008) 1656.
lNMucbma 8 XKIT®, 2011 (e neyamu)

11 mapTta 2011r AOPO -100, LOy6Ha. A.N. ®paHib8



‘ Agppexrm ycropeHHo20 sewjecmea Ans =

deyXKOMMNOHeHMHO20 HellimpPuHOo

JJeyxKoMrnoHeHMHoe HelmpuHO NPOoxooum CKe03b CJI0l sewecmea,
deuzarouje20cs ¢ ycKopeHuem (Hanpumep 4epe3 060s/104Ky
ceepxHoesoU)

KaxxOast u3 KOMIMoHeHmM u3MeHUm c80r 3Hepa2uro (Yacmomy)

HO He Ha 0OUHaKo8YH 8eJIUYUHY, YMO IKeUeasieHMHO
npucymcmeuro 8 eakyyme ¢hukmueHo20 nomeHuyuana Wac

AE,, = p(n,, - DaL=V_ aL (h=c=1)

Seosrouuss cCOCMOosIHUS 1ocie NMPOXoX0eHUsl YyCKOPEeHHO20 CJ1051

X Am’ Am? I
- cos20 + W sin 2 .
ldv JKVell_g E O 4R ! em:xveu sin’20 = sin’ 20
3.9 y- 3 y ac 212, .2
dtyv,y 3 Am’ A m? 4V, cos20 - 2W, E/Am’) +sin’20
Wall 3 sin20 cos28 W all ( )
]

Pesonanc npu W, = (A m*[2E ) cosB
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Mepebie ncrounnkn YXH (1970-1990) HDencreywwme nctouHnkm YXH
Oy6ua, OUAU (2011)

1. Mockea, UAI3 um. KypuaTtora
2. lMatuuvnua, JIVAD
3. Omutpoerpaa, HUMAP 1. ILL, Grenoble, France
4. Anma-Ata 2. Mainz, Germany
S 3. Los Alamos, USA
4. KEK-Japan

5. J-park — Japan

I O
UcTounnkm YXH cnenyiollero NOKONEHUA (ctpoawmecs)

PSI, Switzerland

ILL, Grenoble, France

SMS, USA

NMAAD, NaTunnHa

TU-Munchen, Garching, Germany

J-Park, Japan

Triumph, Canada (in collaboration with KEK)

NN

11 mapta 2011r AOPO -100, LOy6Ha. A.N. ®paHnibl



Cnacubo 3a eHumaHue!
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