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Ñòàíäàðòíàÿ ìîäåëü (II)Îñíîâà ÑÌ � ïðèíöèïû ñèììåòðèè ⇒
SU(3)C × SU(2)L × U(1)Y è ãðóïïà Ïóàíêàðå
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Ïðîâåðêà ÑÌ íà LEP
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ÁÀÊ (I)Áîëüøîé àäðîííûé êîëëàéäåð (ÁÀÊ, LHC)Ñòîëêíîâåíèÿ ïðîòîíîâ ñ ïðîòîíàìè (èëè òÿæåëûõ èîíîâ) ïðèñóììàðíîé ýíåðãèè ïó÷êîâ 7 Òýâ (14 Òýâ ñ 2014ã.)10 ñåíòÿáðÿ 2008 ã. � çàïóñê ÁÀÊ19 ñåíòÿáðÿ 2008 ã. � àâàðèÿîñåíü 2009 ã. � îòëàäêà óñêîðèòåëÿ (E & L)ìàðò 2010 ã. � íà÷àëî ðàáîòû ïðè 3.5 Òýâ íà ïó÷îêèþíü 2011 ã. � ATLAS è CMS íàáðàëè 1 �áí−130 îêòÿáðÿ 2011 ã. � íàáðàíî >6 �áí−12012 ã. � ïðîäîëæåíèå ðàáîòû2013 ã. � îñòàíîâêà íà ðåìîíòÀ.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 7/ 26
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ÑÌ íà ÁÀÊ (I)
Äâà ñöåíàðèÿ: ÑÌ èëè ÍÔÏðåöèçèîííûå ïðåäñêàçàíèÿ ÑÌ íóæíû â ÎÁÎÈÕ ñëó÷àÿõÁÀÊ � ìàøèíà äëÿ îòêðûòèéÍÎ ïðåöèçèîííàÿ �èçèêà íà ÁÀÊ âîçìîæíàTevatron (passed away 30 Sept. 2011) èçìåðèë MW è ΓWòî÷íåå, ÷åì LEP!ATLAS, CMS, LHCb, ALICE, Totem, LHCf: (ñóïåð)äåòåêòîðû

À.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 9/ 26



Îïðåäåëåíèå MW íà Tevatron

 (GeV)Wm
80 80.2 80.4 80.6

LEP2 average  0.033±80.376 

Tevatron 2009  0.031±80.420 

D0 Run II  0.043±80.402 

D0 Run I  0.083±80.478 

Tevatron 2007  0.039±80.432 

CDF Run  II  0.048±80.413 

CDF Run 0/I  0.081±80.436 

World average  0.023±80.399 

July 09 D0: PRL'2009; CDF: PRD'2008, PRL'2007À.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 10/ 26



Îïðåäåëåíèå ΓW íà Tevatron

1600 2000 2400

Width of the W Boson

 [MeV]WΓ February  2010

Measurement  [MeV]WΓ

 / dof = 1.4 / 42χ

SM
* (Preliminary)

CDF-Ia  329±2,032 

CDF-Ib  138±2,043 

-I∅D  172±2,242 

CDF-II  72±2,033 

-II∅D  72±2,034 

Tevatron Run-I/II  49±2,046 

LEP-2*  83±2,196 

 42±World Av.* = 2,085 
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ÑÌ íà ÁÀÊ (II)Çàäà÷è ïî ïðîâåðêå ÑÌ:Ïîèñê áîçîíà Õèããñà (ñì. �èò äàííûõ LEP)Èçó÷åíèå ñâîéñòâ Z - è W -áîçîíîâÏðîöåññû òèïà Äðåëëà-ßíàÈçó÷åíèå ñâîéñòâ òîï-êâàðêàÔèçèêà B-ìåçîíîâ, ìàòðèöà ÊÊÌÑâîéñòâà òàó-ëåïòîíàÏåðòóðáàòèâíàÿ ÊÕÄ. . .À.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 12/ 26



�åçóëüòàòû ÁÀÊ (I)
Óæå áîëåå ñîòíè íàó÷íûõ ñòàòåé ñ ðåçóëüòàòàìè ÁÀÊÁîëüøàÿ ÷àñòü - ÑÌÄðóãèå òåìû: SUSY, Exoti
s, Perf., Top, Higgs, B-physi
s, et
.Îñíîâíûå íîâûå ðåçóëüòàòû:íå âèäÿò áîçîí Õèããñàíå âèäÿò ý��åêòû ñóïåðñèììåòðèè
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�åçóëüòàòû ÁÀÊ: áîçîí Õèããñà (I)çàêðûò î÷åíü øèðîêèé äèàïàçîí âîçìîæíûõ çíà÷åíèéìàññû MHÍà êîíåö ëåòà 2011 ã. îñòàëîñü: (95% C.L.):114.4 � 145 �ýâ, 288 � 296 �ýâ, MH > 464 �ýâ
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�åçóëüòàòû ÁÀÊ: áîçîí Õèããñà (II)
13 äåêàáðÿ 2011 ñîñòîèòñÿCERN PUBLIC SEMINARUpdate on the Standard Model Higgs sear
hes in ATLASand CMSÎ�èöèàëüíûå íîâûå (ïîñëå ëåòà) ðåçóëüòàòû ïî ïîèñêóáîçîíà Õèããñà íà ÁÀÊÂ îáúÿâëåíèè ãîâîðèòñÿ, ÷òî íèêàêèõ îïðåäåëåííûõðåçóëüòàòîâ (îòêðûòèÿ èëè �çàêðûòèÿ� Õèããñà) åùåíå ïîëó÷åíîÀ.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 15/ 26



�åçóëüòàòû ÁÀÊ: CP-íàðóøåíèå â ðàñïàäàõ D
0LHCb èçìåðèë âïåðâûå àñèììåòðèþ

ACP(f ) =
Γ(D0 → f )− Γ(D̄0 → f )

Γ(D0 → f ) + Γ(D̄0 → f )
, f = KK , ππ

D0 èëè D̄0 îïðåäåëÿåòñÿ ïî ðàñïàäó òèïà D∗+ → D0π+

∆ACP = ACP(KK )− ACP(ππ)�åçóëüòàò:
∆ACP = [−0.82 ± 0.21(stat.) ± 0.11(syst.)]% ∼ 3.5σÀ.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 16/ 26



�åçóëüòàòû ÁÀÊ: SUSY
çàêðûò øèðîêèé äèàïàçîí âîçìîæíûõ çíà÷åíèéïàðàìåòðîâ MSSMSUSY: ìíîãî íîâûõ ÷àñòèö � ïîêà íå âèäÿòSUSY: íîâûå âçàèìîäåéñòâèÿ äîëæíû âëèÿòü íàîáû÷íûå (ÑÌ), â ÷àñòíîñòè, íà ðàñïàäû B-ìåçîíîâ . . . �ïîêà íå âèäÿò
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Ïðèëîæåíèÿ SANC äëÿ ÁÀÊÏîëó÷åíû âûñîêîòî÷íûå òåîðåòè÷åñêèå ïðåäñêàçàíèÿ äëÿðàçëè÷íûå ïðîöåññîâ ñ ó÷àñòèåì Z -, W - è H-áîçîíîâ è
t-êâàðêà, íàáëþäàåìûõ íà ÁÀÊ. Ó÷òåíû ïîëíûå ÊÕÄ èýëåêòðîñëàáûå ïîïðàâêè ïåðâîãî ïîðÿäêà (NLO).Íåêîòîðûå ïîñëåäíèå ðåçóëüòàòû:D. Bardin, S. Bondarenko, P. Christova et al.,Standard SANC modules for NLO QCD Radiative Corre
tions to Single-top Produ
tion,arXiv:1110.3622 [hep-ph℄D. Bardin, S. Bondarenko, L. Kalinovskaya, V. Kolesnikov, W. von S
hlippe,Ele
troweak Radiative Corre
tions to Single-top Produ
tion,Eur.Phys.J. C71 (2011) 1533M. Aharrou
he, A. Arbuzov, D. Bardin et al.,Double di�erential Z,W 
ross se
tions and their ratios in the ele
tron 
hannels,ATLAS note ATL-PHYS-INT-2011-081ATLAS Coll.,Measurement of the in
lusive W

± and Z/γ∗ 
ross se
tions in the e and ? de
ay 
hannels in pp 
ollisionsat √

s = 7 TeV with the ATLAS dete
tor,arXiv:1109.5141 [hep-ex℄, a

epted by Phys. Rev. D.À.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 18/ 26



Ïðîöåññû Äðåëëà-ßíàSM single W and Z produ
tion at LHC have large 
rossse
tions and 
lear signaturesThe experimental pre
ision tag is 1%CC and NC Drell-Yan pro
esses will be used for
− luminosity monitoring;
− W mass and width measurement;
− extra
tion of parton density fun
tions;
− dete
tor 
alibration;
− ba
kground to many other pro
esses;
− new physi
s sear
hesAre we ready to provide an adequately a

uratetheoreti
al des
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Drell-Yan pro
ess diagram (CC)
u

d̄

µ
+

νµ

W
+

Feynman diagram for Drell-Yan pro
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Des
ription of Drell-Yan like pro
essesAiming at high pre
ision of DY des
ription we need:QCD in LO, NLO and NNLOParton shower and hadronisation e�e
tsEW radiative 
orre
tions in one-loop at leastMost important higher order e�e
ts (resummed wherepossible)Interplay of QCD and EW e�e
tsInput: 
oupling 
onstants, hadroni
 va
uum polarization,and PDFs for the appropriate energy s
ales and x-valuesAll relevant e�e
ts to be implemented in a Monte Carloevent generator(s)À.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 21/ 26



Drell-Yan in SANCAutomatized analyti
 
al
ulations in SANC provide FORM andFORTRAN modules, whi
h 
an be downloaded and used in astand-alone mode (see Comput. Phys. Comm.'09 and the SANCweb-site)For the CC and NC Drell-Yan in SANC we have:
− Complete one-loop EW RC [A.A. et al., EPJC'06 (CC DY);EPJC'08 (NC DY)℄
− Photon indu
ed DY pro
esses [A.A. et al., JETP'08℄
− Complete one-loop (NLO) QCD [A.Andonov et al.,Yad. Fiz.'10; Phys.Part.Nu
l.Lett.'07℄
− Interfa
e to parton showers in PYTHIA and HERWIG[P.Ri
hardson, R.Sadykov, A.Sapronov, M.Seymour, P.Skands℄
− Higher order photoni
 FSR in LLA
− MC integrator and MC event generatorÀ.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 22/ 26



Tuned 
omparison of EW RCTuned 
omparison with results of HORACE and Z(W)GRADE forEW RC to CC and NC DY were performed within Les Hou
hes '05,'07 and TEV4LHC '06 workshops
WGRADSANCHORACE
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• Set-up: PT (l , ν) > 20 GeV, |η(l)| < 2.5; α(0) EWs
heme; MRST2004QED; NLO QED DIS subtra
tion s
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Tuned 
omparison: SANC vs. PHOTOS (FSR)Multiple FSR photon radiation gives large 
orre
tions
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Theoreti
al un
ertaintyUn
ertainties in PDF, but after a new �t from LHC data . . .Treatment of heavy quarks (c and b) . . .Treatment of s quarks in PDF's (NEW!)QCD (and QED) fa
torization s
heme and s
ale dependen
e,e�e
ts of parton kTpure QCD higher order terms ⇐ re
ent NNLO resultspure EW higher order terms:
− EW s
heme dependen
e: α(0) vs. GF vs. α(MZ )
− resummation of higher order EW Sudakov logs
− other unknown EW higher order terms (should be small?)
− hadroni
 va
uum polarization
− top and Higgs mass dependen
eInterplay of EW and QCD e�e
ts: multipli
ative vs. additivetreatmentAll this to be quanti�ed within working groupsÀ.Á. Àðáóçîâ, Ä.Þ. Áàðäèí, Ñ.�. Áîíäàðåíêî, Ë.Â. Êàëèíîâñêàÿ, �.�. Ñàäûêîâ, Ï.Õ. ÕðèñòîâàÏàðàìåòðû ÑÌ íà ÁÀÊ . . . 25/ 26
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