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PROTON SYHCHROTRONS

BpyKxeiiBeHCKasn
KocmoTtpoH HauMoHanbHasa 1953—1968 MpoToH 3.3 GeV | NosaBneHne me30HOB.
(72 metpa)
nabopartopus
BUpMUHremcKkum BUpMUHremckum 1953—1967 MpoToH 1GeV
CUHXPOTPOH yHUBEpcUTeT
beBaTpoH Berkeley Rad Lab i.e. LBNL| 1954-~1970 | «Race track» MpotoH 6.2 GeV AHTUNPOTOHDI
CatypH Cakne, ®paHuusa 3 GeV
Dekabpb
o
CuHXxpoda3oTpoH Oy6Ha, Poccusn 1957—2003 Kpyr 260 m MpoTtoH 10 GeV
Zero Gradient Argonne National 1963—1979 12.5 GeV
Synchrotron Laboratory
Proton Synchrotron LLEPH 1959 — H. B. Kon::;rBow MpoTtoH 28 GeV Ucnonbsyetca BAK
Konbuesoii
Proton Synchrotron 3apAXKeHHble
Booster LLEPH 1972 — H. B. | cuHxpodasoTp 4acTULLp) 1.4 GeV
- OH
Konbuesoii
3apAaXKeHHble Komnac, OPERA n
SPS 1980 — H. B. | cuHxpodasoTp — 480 GeV ICARUS
OH
J/Q, mooHHOE
. . BpyKxeiiBeHCKan NPOTOH, hentputo, CP-
Alternating Gradient .« - - HapyLeHUe B KaoHS,
HauMOHaNAbHasA 1960- Konbuesoun aeurtepum, 33 GeV (.~ .
injects heavy ions and

Synchrotron

nabopatopusa

TpUTUN, mMegb

polarized protons into
RHIC



https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%BE%D1%82%D1%80%D0%BE%D0%BD
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https://ru.wikipedia.org/w/index.php?title=GeV&action=edit&redlink=1
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD
https://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%BA%D0%BB%D1%83&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D1%84%D0%B0%D0%B7%D0%BE%D1%82%D1%80%D0%BE%D0%BD_%D0%9E%D0%98%D0%AF%D0%98
https://ru.wikipedia.org/wiki/%D0%94%D1%83%D0%B1%D0%BD%D0%B0
https://ru.wikipedia.org/w/index.php?title=Zero_Gradient_Synchrotron&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Zero_Gradient_Synchrotron&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Zero_Gradient_Synchrotron&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Argonne_National_Laboratory
https://ru.wikipedia.org/wiki/Argonne_National_Laboratory
https://ru.wikipedia.org/wiki/Argonne_National_Laboratory
https://ru.wikipedia.org/wiki/Proton_Synchrotron
https://ru.wikipedia.org/wiki/%D0%A6%D0%95%D0%A0%D0%9D
https://ru.wikipedia.org/w/index.php?title=Proton_Synchrotron_Booster&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Proton_Synchrotron_Booster&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A6%D0%95%D0%A0%D0%9D
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%81%D1%83%D0%BF%D0%B5%D1%80%D1%81%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/w/index.php?title=Alternating_Gradient_Synchrotron&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Alternating_Gradient_Synchrotron&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D1%83%D0%BA%D1%85%D0%B5%D0%B9%D0%B2%D0%B5%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D1%83%D0%BA%D1%85%D0%B5%D0%B9%D0%B2%D0%B5%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D1%83%D0%BA%D1%85%D0%B5%D0%B9%D0%B2%D0%B5%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/J/%CF%88
https://ru.wikipedia.org/wiki/J/%CF%88
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%B8%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/CP-%D0%BD%D0%B0%D1%80%D1%83%D1%88%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/CP-%D0%BD%D0%B0%D1%80%D1%83%D1%88%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/CP-%D0%BD%D0%B0%D1%80%D1%83%D1%88%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BD
https://ru.wikipedia.org/w/index.php?title=Relativistic_Heavy_Ion_Collider&action=edit&redlink=1

dneKTpoHHa| Mo3nTpoHHa
MecTtopacnon loabl dopma JKCnepumeHT o
YckopuTtenb A A BakHenLmne oTKpbITUA
oXeHune paboTbl bl
3Heprua 3Heprua
AdA Viranua- 1961—1964 | Rombueson 3 | oo ey | 250 Mev JbdekT Tywweka
- dpaHumA meTpa
CBX CraHdops, 1962—1967 2 Konbua, 12 m | 300 MeV 300 MeV e e~ interactions
VEP-1 (e"e”) |HoBocmbupck 1964—1968 2 KonbLa 130 MeV 130 MeV e"e” scattering; QED
VEPP-2 Hosocu6upck|  1965—1974 11.5m 700MeV | 700 Mev | owya, cvp | Multihadron production
P P 22| (1966), ete->d (1966),
SPEAR SLAC 1972—1990(?) Mark Discovery of Charmonium
states
VEPP-2M  |Hosocu6upck|  1974-2000 17.88'm 700Mev | 700Mmev | NDSND, | radiative decays of p, w,
CMD-2 and ¢ mesons
DORIS DESY 1974—1993 300m 5 GeV 5 GeV ?DRL(LSJ'lL'Jg, Ocuunauymsa
PETRA DESY 1978—1986 2 km 20 GeV 20 GeV MARK-J, | OTkpeiThe [tooHa B Tpéx
EE— PLUTO cobbITNAX
ESR Ropreanckan| 49,9 5002 ,768m 6 GeV 6 GeV
— yHUBEpCUTET
SLAC 1980—1990(?) Mark Il
SLC 1988—1998(?) 45 GeV 45 GeV SLD, Mark Il First linear collider
Aleph, Delphi,
LEP LLEPH 1989-2000 27 km 104 GeV 104 GeV Opal L3
BEPC KuTaii 1989-2004 Rombueson, | ) Gev | 2.2 Gev Beiling
— 240m Spectrometer
VEPP-4M Hosocnbupck 1994- 366m 6.0 GeV 6.0 GeV KEDR
SLAC 1998-2008 2.2 km 9 GeV 3.1 GeV
KEK 1999-2009 3 km 8.0 GeV 3.5 GeV
DAFNE UTtanus 1999- 98m 0.7 GeV 0.7 GeV KLOE Crab-waist collisions (2007)
2002-2008 768m 6 GeV 6 GeV CHESS, CLEO-c
VEPP-2000 Hosocnbupck 2006- 24.4m 1.0 GeV 1.0 GeV SND, CMD-3 5
Beijing

KonelleROmM



https://ru.wikipedia.org/wiki/AdA
https://ru.wikipedia.org/w/index.php?title=%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%A2%D1%83%D1%88%D0%B5%D0%BA%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/CBX
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F-1
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F-1
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F-1
http://cmd.inp.nsk.su/
https://ru.wikipedia.org/wiki/SPEAR
https://ru.wikipedia.org/wiki/SLAC
http://www.inp.nsk.su/activity/old/vepp2m/index.ru.shtml
http://www.inp.nsk.su/activity/old/vepp2m/index.ru.shtml
http://www.inp.nsk.su/activity/old/vepp2m/index.ru.shtml
https://ru.wikipedia.org/w/index.php?title=ND_Experiment&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=SND_Experiment&action=edit&redlink=1
http://cmd.inp.nsk.su/
http://cmd.inp.nsk.su/
http://cmd.inp.nsk.su/
https://ru.wikipedia.org/wiki/DESY
https://ru.wikipedia.org/wiki/DESY
https://ru.wikipedia.org/w/index.php?title=PETRA&action=edit&redlink=1
https://ru.wikipedia.org/wiki/CESR
https://ru.wikipedia.org/wiki/SLAC
https://ru.wikipedia.org/wiki/SLC
https://ru.wikipedia.org/w/index.php?title=Stanford_Large_Detector&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A6%D0%95%D0%A0%D0%9D
https://ru.wikipedia.org/w/index.php?title=Aleph_(CERN)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Delphi_(CERN)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Opal_(CERN)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=L3_(CERN)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=BEPC&action=edit&redlink=1
http://bes.ihep.ac.cn/
http://bes.ihep.ac.cn/
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F%D0%9F-4
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F%D0%9F-4
https://ru.wikipedia.org/wiki/%D0%92%D0%AD%D0%9F%D0%9F-4
http://kedr.inp.nsk.su/index.htm
https://ru.wikipedia.org/wiki/KEK
http://www.lnf.infn.it/kloe/
https://ru.wikipedia.org/w/index.php?title=Cornell_Laboratory_for_Accelerator-based_Sciences_and_Education&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=CLEO_(particle_detector)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=CLEO_(particle_detector)&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=CLEO_(particle_detector)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/VEPP-2000
https://ru.wikipedia.org/wiki/VEPP-2000
https://ru.wikipedia.org/wiki/VEPP-2000
https://ru.wikipedia.org/w/index.php?title=SND_Experiment&action=edit&redlink=1
http://cmd.inp.nsk.su/
http://cmd.inp.nsk.su/
http://cmd.inp.nsk.su/
https://ru.wikipedia.org/w/index.php?title=BES_III&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=BES_III&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=BES_III&action=edit&redlink=1

BaIMMN-2M  (1975-2000)
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KRBAHTOBAA S/IEKTPOANHAMWKA
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e+e- anomalous magnetic moments comparison
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CraHpgapTtHaa mogenb — 3TO COBpeMeHHaA TeopmA CTPOEHUA U B38I/IN\O£I,€IZCTBMIZ
3/1eMEHTaPHbIX YaCTUL,, MHOTOKPATHO NPOBEPEHHAA 3KCNepUMeHTaIbHO. JTa
TeopuA 683MpY€TCFI Ha o4YeHb HeOONbLLIOM KOIMYECTBE NOCTyNaTOB N NMO3BONAET
TeopeTnveCkn nNpeacKkasbiBaTb CBOWCTBA ThbICAY pPa3/IM4HbIX NpoueccoB B MUpe
3/1IeMeHTapHbIX YacTul,. B nogasaatowem H6oNbLINHCTBE cny4yaesB 3TU NpeackasaHUA
noaTBeEPHKAATCA IKCNEPUMEHTOM, NHOTAA C UCKNHOYUTENBHO BbICOKOM TOYHOCTbIO.
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bapuoHbl U TMNepoHbLI
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[ntooHbl. LiBeT
KBaHTOBaA xpomoauHaMUKa

g, = (kE+cR)IN2, g, =—i(ki—cR)I~2
g, = (rofc +orcR) N2, g =—i(xoc — orcid) [ /2
0, = (coic+acc) IN2, g, =—i(coic— o) N2

d, =(1<12—05)/\/§, Zq =(1<i€+05—29f0970)/\/6

P:]., le qK_)qofC+gK9f~C’ qk+gﬁ9fc_)q9fc
qK_>qc+gK5’ qk+gﬁc_>qc
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CnNWH U MAarHUTHbIN MOMEHT /IEKTPOHA

1925r. nabopatopua IpeHdecta (/lenaeH)

Camioan Nayacmut Oxxkopax KOneHbek Npenrioxkmnm paccmaTpueaTh
9NIEKTPOH KaK «BpaLlaroLLnmnca Bon4ok», obnagaroLmm cobCcTBEHHbIM

h

MeXaHN4YeCKMM MOMeHTOM € == 1 cOBCTBEHHbLIM MarHUTHbIM

2

MomeHToM, pasHbiM M = g - 1, (ﬂo:e'%.c‘ marHeToH bopa )

1926 . bopaTopua bopa (KoneHrareH)

NosBennH Tomacc —pen. ypaBHeEHUE ABUKEHUA CNKMHA B mar. none: J = 2

TOHKaa CTPYKTYypa aTOMHbIX YpOBHeEN |



1946-47 rr. Atom Bogopopa

J1amb0OBCKUM cABUT U aHOMAIbHbIM MAarHUTHbIN MOMEHT

ZS%(n:Z;I:O;j:%), 2F>%(n=2;|=1;j:%) —

, 2 =2'1=0"1 = 2 =21=1T1= S
I S%(n—Z,I—O,j—%), P%(n—Z,I—l,J—%)

MArHUTHbIA MOMEHT 3n1iekTpoHa:  1.00115965

Jlam6 Y. E., Pusepgopd P. K.  sHobenesckas npemus no dousmke 1955 r.
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http://nobelprize.org/nobel_prizes/physics/laureates/1955/index.html
http://nobelprize.org/nobel_prizes/physics/laureates/1955/index.html
http://nobelprize.org/nobel_prizes/physics/laureates/1955/index.html

MarHUTHbIA MOMEHT MIOOHA

LLEPH-I: LLEPH-II: LLEPH-IIl:  (1960-1970)
3.1 GeV/c

% ....... @ ...... h%
spin momentum

inflight pion decay 3.09 GeV/c

Mo aHanorum c ANNEKTPOHAMMUN

2)MIOOH porKAaeTca NONAPU30BAHHbIM

npu cnabom pacnage NMOHOB.

3) s @
Npu pacnage miooHa 44 €+, 3N1EeKTPOH BblNeTaeT B

HanpaB/AEHMWN CNMHA MIOOHA; T.e. MIOOH elle 1 cam cebe

nonspumeTep.




MtiooH (g — 2)/2

« Magnetic moment of Dirac
particle: i= gze—ni‘c§ ,

gyromagnetic factor g for
point-like fermions =2

Hadronic Vacuum Polarisation
(VP)

P

This talk

 Higher order contributions make muon

magnetic anomaly a, = (g —2)/2 # 0 a, Moy CM) =g QED + g had . g weak

. ghadlo is calculated by integrating

experimental o(e*e™ — hadrons) 1.00115965

oo

o’ K(s)
had _
ahed, =2 j ds . R(s) LK
am?2 i

165 911 (11)+10=*,

o(ete™ - hadrons)

R(s) = o(efe” »utu7)




Muon (g-2) experiment at BNL

w=0q'B

IIPOTOHEI
E=251>B

\ AR
E-kBaapynosu 1 Kuxkep
/ N\ I 100kV

N1 MUIIICHD T

TT-MC30HOB
o &

" pacnagHbii o6bem J me30HOB
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« Magnetic moment of Dirac

cle:  g=g-t3
particle: H=g5—5 ,
gyromagnetic factor g for

point-like fermions =2

 Higher order contributions make
magnetic anomaly a, = (g —2)/2 # 0

- ghadlo is calculated by integrating
experimental o(e*te™ — hadrons)

a? [ K(s)
ahed = 3.2 j ds . R(s)
am?2

o(ete™ - hadrons

o(ete” »utu7)

muon

o)

(VP)

Hadronic Vacuum Polarisation  Hadronic light-by-light Weak

Scattering Interactions

T T T 1T T TTTm T llllllll T llllllll

LI a4

Y
Tt om0

* TTTT
KK

A KSKL

A Y
7oy

o TOndy

A MUt

" ontT

400

800 1000 1200 1400

2e, MeV
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MiooH (g — 2)/2

Magnetic moment of Dirac

icle: 5 eh
particle: U = Q%S .
gyromagnetic factor g for
point-like fermions =2 7 7
>12000
Higher order contributions make muon

magnetic anomaly a, = (g —2)/2 # 0

theory(SM) — QED had weak

1.0 GeW

a, integral

a, uncertainty

0% Hadronic Vacuum Polarisation

0.0 GeV, ac 0.0 GeV
0.5 Gel 3.1 GeV'
JII{:I."‘. ‘_:I“‘[H"I.

n

Hadronic light-by-light
Scattering

Weak
Interactions

JN 2009
-301x65

HLMNT 2011
—263 49

DHMZ 2011
—289+49

DHMZ 2017 (this work)
—268+43

fIi‘alj:lle_:;’EBZ‘l (world average)
o . arXiv:1706.09486v1
-700 -600 -500 -400 -300 -200 -100 0
-11
_ qexp x10
au au

are needed

High precision hadronic cross sections
measurements in E,, < 2 GeV
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2945 ccobinok

Final Report of the Muon E821 Anomalous Magnetic Moment
Measurement at BNL
G.W. Bennett?, B. Bousquet'”, H.N. Brown?, G. Bunce?, R.M. Carcy', P. Cushman!'?,

G.T. Danby?, P.T. Debevec®, M. Deile'?, H. Deng'®, W. Deninger®, S.K. Dhawan'?,
V.P. Drurhinin®, L. Duong'?, E. Efstathiadis’, F.J.M. Farley"®, G.V. Fedotovich?,

S. Giron'?, F.E. Gray®, D. Grigoriev?, M. Grosse-Perdekamp'®, A. Grossmann’,
M.F. Hare!', D.W. Hertzog®, X. Huang', V.W. Hughes'!, M. Iwasaki'?, K. Jungmann®",
D. Kawall'?, M. Kawamura'?, B.I. Khazin®, J. Kindem'’, F. Krienen', I. Kronkvist'?,
A. Lam', R. Larsen®, Y.Y. Lee?, I. Logashenko'?, R. McNabb'"® W. Meng?, J. Mi?,
J.P. Miller', Y. Mizumachi'', W.M. Morse?, D. Nikas?, C.J.G. Onderwater®®, Y. Orlov?,
C.S. Ozben®, J.M. Paley!, Q. Peng!, C.C. Polly®, J. Pretz!®, R. Prigl?, G. zu Putlitz’,
T. Qian'®, S.I. Redin®***, O. Rind!, B.L. Roberts’, N. Ryskulov®, S. Sedykh?®,
Y.K. Semertzidis?, P. Shagin'?, Yu.M. Shatunov®, E.P. Sichtermann!®, E. Solodov®,

M. Sossong®, A. Steinmetz'®, L.R. Sulak!, C. Timmermans', A. Trofimov!, D. Urner®,
P. von Walter”, D. Warburton?, D. Winn", A. Yamamoto? and D. Zimmerman'?
(Muon (g — 2) Collaboration)
! Department of Physics, Boston University, Boston, MA (2215
2 Brookhaven National Laboratory, Upton, NY 11973

3 Budker Institute of Nuclear Physics, 630090 Novosibirsk, Russia

4 Newman Laboratory, Cornell University, Ithaca, NY 14858
5 Foirfield University, Fairfield, CT 06450
5 Kernfysisch Versneller Instituut, Rijksuniversiteit Groningen,
NL-9747 AA, Groningen, The Netherlands
T Physikalisches Institut der Universitit Heidelberg, 69120 Heidelberg, Germany

8 Department of Physics, University of Hllinois at Urbana-Champaign, Urbana, IL 61801
Y KEK, High Energy Accelerator Research Organization, Tsukuba, Ibaraki 305-0801, Japan

W Department of Physics, University of Minnesota, Minneapolis, MN 55455

' Science University of Tokyo, Tokyo, 153-8902, Japan
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The Concept of Round Colliding Beams

« Small and equal B-functions at IP:

« Equal beam emittances:

« Equal betatron tunes:

CoxpaHeHHHE YIJIOBOI'0O MOMEHTA:

IlapaMeTp BCTpPEYHBIX MyYKOB

CBeTHUMOCTH

=




VEPP-2M nm—  VEPP-2000

(200-2000)
ILU
(1 ) 3 MeV
Linac
B-3M
2 200 MeV
. synchro-
betatron
ee—>
convertor
¢ E=1GeV (per beam)

¢ L=~1x1032cm?sec?! (1x1 bunch)



Design parameters @ 1 GeV

Circumference

24.388 m

Beam energy

150 +1000 MeV

N of bunches

1x1

N of particles  1x104
Betatron tunes 4.14/2.14
Beta* 8.5cm

BB parameter  0.15

Luminosity

1x1032 cm2st

lenueBbIi obbem

TennoBoW akpaH

OxpaHHbIW g

MarHuTo- TAMU
nposog '

PaguanbHoie Cekumu

BaKyyMm

OCHOBHOIO
caneHonaa

VEPP 2000 overwew

L b e

=TT

1) J»‘A
B 7
3 w-nﬂug
= ,._u\w)v V-

KomneHeup yrowymii |
coneHon,q

982.5
Y

* Round beams concept
* 13 T solenoids for FF

« 2.4 T NCdipoles @ 1 GeV

NawHep

7
Topuyesbie TArn

npDﬂGl’lehle THAIMN



J & Tau

CBetumocTb (2010-2013 rr.)
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£=0.15
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5x 103t

1x 1034}
5x 1030}

1x1039}
5x102%°

1x10%°L : : : : : —
150 200 300 500 700 1000
Beam energy, MeV



ole’e— 3(r'm)), nb

ete” - 3(mtm™) & NN threshold

The 2011-2012-based results were published in PLB 723, 82 197 (2013

|III 1III EIII

__BaBar i .ww;mmmuﬁwmmwﬁmmwu
- CMD3 2011 2012 e

|
X

..........................................

1600

1700

1 I L L
1800

1 1 L L L L i L L L
1900 2000

Ec.m., MeV

CMD3

Cross section (nb)
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e*te -> 2(w*)
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. i
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12004 Ad ‘.1800“
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muoh (g-2) measurements
NAL) —> 0.1

4 (0.42) pp Experiment: E821 (BNL) —> 0.56 ppm
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VEPP-2000 complex upgrade

(2014-2017)




CMD-3 detector & physics program SND detector |
Mu

B>

\ 1 1 1 1 3
| 0 20 40 60 80 100 cm

' te~>had
- Precise measurement of R = Z(&_¢ 2hadrons)

————— to achieve <1% systematic for major channels
gleTe —>uTuT)

. Study of exclusive hadronic channels of e*e~ annihilation, test isotopic relations

. Study of the “excited” vector mesons: p’, p", w’, ¢’ ...

. Study of Gg/Gy for nucleons near threshold

. CVC tests: comparison of isovector part of a(e*e™ — hadrons) with 7 —decay spectra

31
. Diphoton physics (e.g. n’ production)



Energy measurement by Compton back scattering

-4 f"g“ K By ¢=0 radiation from Aand C
| points are interfered

- HPGe detecker ~ \\\
P T ,,,rf’
/ -‘I. o 4
. SE:EEEEE§%§Ek T aaa S nze%m s ¢5 -~
-~ @ﬁ Sl e < ~0=0

e N
K 8 7
0| 6 K //
Om. ;'\////
4

E =993.662%+0.016 MeV

1650 1700 1750 1800 1850 1900 19850

M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012

[a]

In few points this method have been controlled by

. . 32
the resonant beam depolarization



CMD-3: overview of datataking

10% S ——— CMD3 collected Lumlnosny as of 15.05.2018
; . zz:;—zms ......................... E _2010 2013 _ _ .
c\(]/) - e ¥ e . % E sosrtciveLumin
g 1031:_ = .ln: £ B £ P = !
g = e 'ﬂ -.M‘ «'s - .’. - |
2 o e ... .0 e > 103
%) B ol L Q =
g - = f
% 10% .‘:p & B
- E . é
B R <
10295—..-.. _|ﬂ'1 5
00500 "800 j060 " j200 400 600" 7800 2000 ’ 400 600 800 1000 1200 1400 1600 1800 2000
2E, MeV
Vs, MeV
2010-2013 runs 2017-2018 runs
\/s region L pb? \/s region L,pb~t
w(782) 8.3 2.007 GeV (ete™ — D) 4
Vs <1 GeV (W/o ) 9.4 NN threshold scan 14
$(1020) 8.4 Overall 1.28 — 2.007 GeV 50
Vs > 1.04 GeV 34.5
Total 60 Vs < 1.0 GeV > 50

Total ~100



Coherent beam-beam spectrum

Av =arccos(cos(zv,) — Ve =0.135, v, =0.345
—27&sin(nv,)) | m—v, Av=021 —» £=0.17/IP




Luminosity

Data collection  ¢MP:3luminosity,

averaged over 10%
of best runs

2017-2018 data
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L, 1/pb

CMD-3: overview of datataking
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1.28-2.007 GeV
scan

upgrade

A
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SCan

0.55-1 GeV
scan

|
01/2012 01/2013 01/2014

|
0

1/2

- Data taking will be continued to collect ~1 fb~1 in the next 5-10 years
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Scanning of NN threshold

« The 2011-2012-based results pp cross section measurements and the results for o
M

ratio were published (PLB 759 (2016) 634). In 2017 a more thorough threshold scan
was performed: arXiv:1808.00145[hep-ex]

g [ :
T s
o [
@) L
: - CMD3 2011-2012
- - CMD3 2017
1900 1950 2000
s Ec.m., MeV

« Asolid curve shows the prediction from recent works:

A.l. Milstein and S. G. Salnikov, arXiv:1804.01283v1 [hep-ph]

V. F. 200 Dmitriev, A. I. Milstein and S. G. Salnikov, Phys. Rev. D93, 034033 201 (2016)
A. |. Milstein, S. G. Salnikov, Nucl.Phys. A966, 54 (2017)



Conclusion

CMD-3 and SND has taken >300 pb~! of data in the whole energy range
0.32 < +/s < 2.0 GeV and will take ~2 fb~? in the next years

The detector subsystems upgrades are planned (endcap and barrel
coordinate counters, possibly a new drift chamber)

New particle identification technique based on the dE/dx in 14 layers of
L Xe-calorimeter has been developed, and will be applied in the next
seasons for KYK~, KYK n% KtK™2n°, K.K*n™ final states analyzes

This is just a beginning, do not oversleep new interesting results from us!
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