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Kparkoe coziep;kaHue Ipe3eHTalu

» | Kommaiinep 1 IETEKTOP

» DKCIEpPUMEHT M MOJICIIMPOBAHNUE

» Metoanka oTOOpa CUTHAJIBHBIX COOBITHI
» AJIPpOHHBIX CCUCHHS U alllIPOKCHMAITUS

> 3aKIII0ucHUE



OAAAUAEDP
OGQuacTh CKAHMPOBAHUS 10 IHEPTUH /s B auanaszone 0.32 10 2.01 GeV.
Bo Bpems Habopa CTaTUCTUKHU SHEPTUS ITYYKOB MOHHUTOPHPOBAJIACH ITyTEM
U3MEPEHUS SPHEPTUHU (POTOHOB MPHU 0OOPATHOM PACCESTHUS Ja3€pHOIro My4Ka CBETa Ha
BCTPEUYHOM DJIEKTPOHHOM ITy4yKe ¢ TOUHOCThIO ~ 50 k3B (kaxkasie 10-20 MunyT)

BniepBbie ncnosib30BaHa METOAMKA «KPYTIIBIX MYKOB». BONMM3K MecTa BCTpeun
YCTaHOBJICHBI (DOKYCHPYIOITHE COJICHON Bl ¢ MATHUTHBIM TTosTIeM 13 T)

Jlocturayras ceetumocTs ~ 1032 cm™2s~ 1.  Habpan pexopaHblii HHTErpa
ceerumoctH ~ 1 fb!

JIBa nerexkropa CMD-3 and SND
YCTaHOBJICHBI IIPOTUBOIIOI0KHO



Aetextop KMA-3

Mu

A\ [ ()

ensitive wires, W-Re alloy, 15 in
jameter, spatial resolution ~ og, ~ 100
N, 6, ~2.5mm
P ~ V0.62+(4.4*p[GeV])2 ,%
Z-chamber — start FLT, precise
pordinate ~ 500 u (detector acceptance)
Xe calorimeter thickness 5,1X,, 196
DC towers & 1286 strips. Spatial resolution
—7C 1 —2 mm, for photon point conversion
oE /E ~ 0.034/ \E [GeV] @ 0.020 - barrel
oE /E ~ 0.024/NE [GeV] @ 0.023—- endcap
» Calorimeter with Csl crystals (~3,5 1),
LXe 8 octants, number of crystals - 1152, ~8X,
» TOF — 16 counters, time resolution
TOF  _o5ns mainly for anti neutron detection
» MR system — 8 octants (cosmic veto,
~ 1ns) particle ID
» Magnetic field isabout 1.3 T

Csl




Hcropus Habopa CTaTUCTUKU
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dunsnyeckaqa nporpamma getekropa KMI-3:

[Iperu3nonHo n3MepuTh hopMdakTop nmuoHa (<1%)

IIpenn3noHHO U3MEPUTh CEUYEHUS MPOLECCOB et+e- — m+n-n°, n+n-n+n-, n+n-n°n°,

K*K u K¢K| Bo Bcem nnamnasone sHepruii komaiinepa BOIIIT-2000

VYiydmuTh TOYHOCTh U3MEPEHHUS MAPaAMETPOB BO30OYXKJIECHHBIX COCTOSIHUN p’, ®’, ¢’

Usmeputs ceuenus nponeccos KKNm (Takux mporieccoB OOJIbIIE IeCATKA)

N3MepuTh UM MOCTABUTh BEPXHUE MPEIENIbl HA PEJIKKE pacajibl BEKTOPHBIX ME30HOB
5



AIpOHHBIN BKIaa B AMM mrooHa B
3aBUCHUMOCTH OT YHEPIUH
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Due to 1/s? weighting the energy range of VEPP-2000 makes a dominant contribution of
~93% to the ¥  and determines ~70% its uncertainty

This plot demonstrates how quickly integral reach the asymptotic value ~ 60 ppm.
For Vs>2 GeV the contribution is about ~ 7 ppm only



ete=— mrm=pionformfactor measurement

The basic idea of the measurement is: events with two back-to-back tracks i
large angle are selected. The selection criteria include cuts on momenta,
vertex position along beam axis, average scattering angle, acollinearity angles A¢ and A® and
others.
The selected sample is composed by e+e— — n+n— events, accompanied by e+e— and p+u—
events and single cosmic muons, miss reconstructed as back-to-back particles originated near IP

» Two charged collinear tracks:
Example of ete— — n+n— event

|A¢p| < 0.15rad, |46 < 0.25rad in CMD-3
Q1 + Q2 = O, |At| < 20ns

» Vertex position close to interaction point
paverage < O'BCM' |Zaverage| < SCM
|4p| < 0.3cm, |AZ| < 5cm
» Fiducial volume inside good region of the DC
1l1<(m+6t—-0")/2<m—117rad
» Quality of selected tracks:

x%/ndf <10, Npies = 10
» Filtration of low momentum and cosmic backgrour

0.45E,,,, <p*<E,...t100 MeV/, p+>1.15p (K+%)



Example of PID procedure

The momentum-based procedure, performs better at low energies (Vs < 0.9 GeV)
where the difference between momentum pe, pu and px is large enough.
For energy deposition-based procedure the p.d.f.s fi(E+, E-) are constructed purely empirical,
with the shape to describe the data.
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The final ratio Nnn/Nee is obtained as average results of two procedures weighted according to
their estimated systematics whereas the ratio Nuu/Nee is kept fixed to QED prediction.



Consistency checks

The second test is the measurement of e+e— — u+p— Cross section, M
predicted by QED and was done for momentum-based analysis for
Vs < 0.7 GeV only, where momentum resolution of the tracker allowed to separate muons from
other particles.
The number of p+u— pairs is used for cross check QED-prediction ratio:

NH"‘U

The observed average ratio of the measured

cross section to the QED prediction is:
1.0017+0.0016

proves the consistency of the most parts

of the analysis procedure, including

separation procedure, detector effects,

evaluation of the RC and etc.
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[lpamoe n3amepeHue peakoro pacnaga @ — Tr+Tr- M
CuUNbHO nogaBrneHHoro G-4eTHocTbiO K npasunom OZ|

IF_|* measurement around ¢ resonance
g ~ | Previous measurement using detected N_,
RN or visible cross-section by OLYA, ND, SND
3.5: TI : ' SND

Y = (_34 + 5)0
| B(p—mtm)=(7.1+1.1+0.9)x10°
[ Phys. Lett. B 474 (2000)
? CMD-3
- v, =(-21.3+£2.0+10.0)°
A R . . B(p—e'e)B(¢p—n'n)=(3.5+0.3+0.2)-10°

.98 ‘ me T %ey PDG 2022 rox: (2.2 +- 0.2) -10°8
before CMD2 368.8 +10.3

3
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—
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cMD2 366.5+ 3.4 i+ 1i- contribution to a e
SND 364.7+ 4.9

KLOE 360.6+ 2.1 RHO2013 380.06 +0.61 +3.64
BABAR 370.1+ 2.7 RHO2018 379.30+0.33+2.62
BES 361.8+3.6 Sum 379.35+0.30+2.95
CLEO 370.0+ 6.2 _ B
SND2k 366.7 +3.2 (9-2)exp — SM(with CMD3) =

CMD3 379.3+3.0 = (5-1 T 6-5) ‘10_10, 0.8c
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Horizontal axis: 3 7101 Phys.Rev.D 109 (2024) 11, 112002
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Experiments comparison (0.76-0.8 GeV)
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KK and K*K-@ ¢(1020)

3 —&— SND ‘ ‘8
10 CMD-2 o
—— CMD-3 Fit
=i CMD-3 2012
e CVD-3 2013
10°
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z e '
2 005 H@ ol t
g b eint | EH.
g \l ﬂ} fe # f T
-0.05 :nT P jT
1000 1010 T 1040 1050 T 060 )
KK, at ¢, systematic precision 1.8%
Parameter CMD-3
mo, MeV 1019.469 + 0.006 + 0.060
I'p, MeV 4.249 + 0.010 + 0.005
Fo—eeBo—K+K—, keV 0.669 + 0.001 + 0.022
Bo—eeBe—K+K—,107° 15.789 + 0.033 + 0.527
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K*K~ at ¢, systematic precision 2.0% Ecm.» MeV
Other measurements CMD-2
1019.461 + 0.019 (PDG2016) 1019.504 + 0.033
4.266 +0.031 (PDG2016) 4.280 +0.031
0.634+0.008 (BaBar) 0.436 = 0.048
1424+030  (PDG2016)

Phys.Lett.B 760 (2016) 314-319, 4.Study of the process e+e——KSKL in the center-of-mass energy range 1004--1060 MeV

with the CMD-=3detectorat the VEPP-2000e+e=—cotlider:

Study of the process e+e— — K+K— in the center-of-mass energy range 1010--1060~MeV with the CMD-3 detector.

Phys.Lett.B 779 (2018) 64-71
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K.K;, and KYK™: p — ¢ interference @
p — @ interference can be directly observed:

poo(s) 1
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[Ipouecc e+e — KK
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Pe3ynprarel BceX C€30HOB CKAHUPOBAHUS Vepennennsie pesynsratel KMJI-3 u cpaBrenne ¢ BaBar

» UHTterpanbpHasi CBETUMOCTh U3MeEPsIach MO JBYM IpolieccaM €+e— — e+e— U Yy, TOYHOCTh U3MepeHus cocraBmia 1% .

» AHanM3 OCHOBAaH Ha MHTErpaibHoi cBeTuMocTd 763 pb~! HaGpannoit B 209 Toukax 1o SHEPrUH, TOYHOCTh U3MEPCHHUS
kotopoii mpumepHo 50 k3B (0OpaTHOEe KOMIITOHOBCKOE paccessHre (POTOHOB Jiazepa Ha BCTPEYHOM ITyUKe).

» CoObITHs BBIIENIMCH B Mojie pacnana Ks 2+ (~70%). s ananusa 6su1o oro6pano 156 566 + 641 coObITwHii.

» CucreMaTuveckasi IorpeirHOCTb

3.6%, Vs < 1.6 GeV: 4.2%. 1.6 <Vs < 1.75 GeV: 40%, 1.75 < Vs < 1.87 GeV: 11%, \s > 1.87 GeV

Cratbs Ha cTraguu pedeprupoBanus koutadopanuu KM/I-3 15



ITponecc e+e — K*K (sbime ¢u mesona)

Number of events

450 ¢
w0l B = [mk+ i+ [mk o+ b ole’e > K'K).ub
350? —2Epeamt |p1,z + P2zl
300
250
200 F
- oL
150 ll: e CMD-3
100} SND (2006)
C KK
S0 F BaBar
"“" -(')“"" \"- 10_1?‘|....|....|....|....|....|....|.‘..|..‘.|....|.
= L 12 13 14 15 16 L7 18 19 20
E,.,GeV
(Scmps — L/t MHTerpaibHas CBETUMOCTh U3MEPSIIAch 10 JIByM MpolleccaM e+e— — e+e— u vy,
0.3r TOYHOCTb U3MepeHus cocTaBmia 1% .
] AHan3 OCHOBaH Ha MHTErpajibHOU cBeTumMocTh 62,9 pbt (673) nabpannoii B 209
0.2 To4YKax B quana3one sHepruu oT 1075 mo 1975 M»1B, TouHOCTh H3MEpEeHHs KOTOPO
i . npumepHo 50 k3B (oOpaTHOe KOMITTOHOBCKOE paccessHue (OTOHOB Ja3epa Ha
0.1} e ||| BCTPEYHOM ITyUKe).
I ; + ; [Monasnenue ¢pusznyeckoro pona e+e— — e+e—(y), y+u—(y), and z+z—(y) u
0 .é P #T{"H 3 +%+ i 5% | KOCMHUYECKMX MIOOHOB 0CHOBaHO Ha nH(opmanuu dE/dX B 14 cosx KCEHOHOBOTO

|
o
T
-
5 2l
—
.
o
—
—
——.—
L

112 13 14 15 16 L7 18 19 2.0
E GeV

c.m.>

KaJIOpUMETpa

[nsa kaxgoro Tpeka BbIYMCIIAKTCS KnaccugukaTopbl Ha OCHOBE peLleHUn
(BDT), o6y4yeHHbIX 4nst ONTUMarnbHOro pasaeneHus pasnuyHbiX nap
3apsKeHHbIX YacTuL, B onpeaeneHHblX Anana3oHax YrnoB U UMMNyNbLCOoB:
BDT(et, ut), BDT(et, 1), BDT(et, Kt), BDT(u, t), BDT(ut, K+) 1
BDT(1£, Kt). 3TK OTKNUKM MCNonb3ytoTcs Ang otéopa KaoHOB M NOA4aBNEeHUN
(POHOBbLIX MPOLIECCOB, BKIOYAKOLWMX ex, i+ N TT+.



Awnanus nponecca ete” — KKl

» Jlannbie HaOpaHbI B 1uarna3one sHepruii ot 1045 1o 2006 MaB, koTopas n3mepsiiiach ¢ TO4HOCTHIO 50 K3B.

» AHaJM3 CTaTHCTHKHM OCHOBAH Ha MHTETPAJIbHON CBETHMOCTH ~ 676 0%, KoTOpas u3Mepsiach ¢ TOYHOCTEIO ~ 1%.
eOcHoBHoOI1 (puznueckuii o cocrapisuty nporecchl K+K-n+m-, m+n-n°n®, Kfn-/[+Kg(Kg — n+n-). [Tuonsr apdexruBHO
noaasisitoTcst yesosueM Ha dE/dX B JIK 1 KCeHOHOBOM KajlopuMeTpe.

» K/r pa3nencaue ocHoBaHO Ha mpuMeHeHud BDT ¢ 15 BXomHbIMU apryMEeHTaMu, KOTOPasi ONITUMAJILHO HACTPOCHA Ha

COOBITHSIX MOICIIMPOBAHU.

Data

1.8 GeV<{s<2.0 GeV I
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7 MC: background
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[Ipouecc e+e- — KKm
oynet nokian I1.A.JIykuHa

\, &4 0onee 3apaKEeHHBIX TPEKOB
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Iponecc ete— KK

» AHaln3 OCHOBaH Ha MHTerpaibHOU cBeTuMocTH 540 116-1, HabpanHo# B ce3oHax 2017-2023 rT.
» Otbupatorcs 4 xopomux TpekoB u3 BIP. B utore oto6pano npumepro 150 000 coOwrThii
» K/ pa3neneHrue 0CHOBaHO Ha U3MEPEHUU HOHU3AIIMOHHBIX 1OTeph B JIK
» IlpuMeHseTCsl KHHeMaTHYeCKask PEKOHCTPYKITUS JUIS TTOJaBJICHUs PU3nudeckoro poHa ( B OCHOBHOM 47)
» llocneqanit CUT — nmucbananc mo sHepruu. Becem Tpekam nmpumnucaHa Macca MMOHOB
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I[J'I IIOJaBJICHUEC COOBITHH C 3apsA’KCHHBIMU KaOHAMHU
IMPUMCHACTCA MCTOJUKA K/n pasaciicHus, OCHOBAaHHAasA

Ha UBMCPCHUHN MOHU3AlIUOHHEBIX IIOTEPH B J_IK

3aBUCHMOCTD HNOHHU3AIITUOHHBIX
NOTEPb OT UMITYJIbCa TPEKOB

Pacrnipenenenue curHanbHbIX
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3aKJII0OYEeHUE

B o6nactu snepruii komaiaepa BOIIII-2000 nmonyyeHsl npeaBapUTeNIbHbIC PE3YIbTaThl U3MEPEHHUS
CCUCHHI OCHOBHBIX MPOIIECCB, AAIOIIMX 0CHOBHOM BkIag B AMM miooH (~ 93%).

AHanu3 OCHOBAaH Ha CTAaTUCTUKE, HAOpaHHOW BO BceX ce30Hax paboTel Koutaiaepa BOIIII-2000,
naurnas ¢ 2011 1o 2022 1, kotopas cocrasuna ~1000 pbL,

Tekyliiasi cucteMar. IMOrpeHOCTh AAPOHHBIX CEUYCHUN, JAOIIMX OCHOBHOM BKJIag B AMM MrooHa,
mensietrcst oT 0.7% 1o 3%. B Oymymiem cucteMaTH4ecKyro MOrpeiHoCTh Hao OyIeT yayqlliuTh MUHUMYM
B aBa pa3a. (BNL - 0,11 ppm).

B HacTosiiee Bpems BeAETCs HOBbIM HA0Op CTAaTUCTUKU B O0JIACTH HEPTUd p-» Me30HOB (Huxke 1 IBB),
KOTOpasi JOJ>KHA MPEBBICUTH MPEIBIIYLIYIO IIPUMEPHO B J1BA Pasa.

DHEprus My4YKoB B 3TUX SKCIEPUMEHTAX U3MepsieTcs ¢ TOUHOCThIO 50 k3B Ha ocHoBe MmeToguku OKP
($oTOHOB Na3epa.

B oGnactu suepruii Beimme 1 9B uMerorces aecarku kananoB Tuna KKNm 1 MHOTOMMOHHBIE MTPOIECCHI,
KOTOPBIE KAYT CBOETO TIIATEIBHOTO aHaiu3a. [[puriaiiaem Bcex JKeJarliux J1Jisi COBMECTHOTO aHaIu3a
HaOpaHHOW U OyaylIed CTAaTUCTUKH.

J1o6aBuTH B aHAIM3 HOBYIO CTaTUCTHUKY, HAOpaHHYIO B 23, 24 u 25 IT.

Pazpabotath qonosHUTENbHBIE (YHUBEPCAIbHBIE) KPUTEPUU BBIICIICHUSI CUTHAIBHBIX COOBITHI U
MOTaBJICHUS (GU3NIECKOTO (hOHA.

B crnenyromiem ce30He MIaHUPyETCs MPOAOIKEHNE HA0OpA CTATUCTUKHU U 3aTEM OCTaHOBKA (YCIOBHO Ha
TPpHU rojJla) Ha MHXXEHEPHYI0 MojiepHu3anuio kommiekca BOIIII-2000 u gerekropoB KM/I-3 u CH/I.
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[lpenBapuTENbBHO:

Energy depedence of cross-section 2pi+2pi-

CMD-3 4pi

CMD-2

Babar

CMD-3 2016 4pi at phi 2018
SND 2001
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¥2/ ndf 30.51/27
p0 1.242 +0.01553
pl 1019 + 0
p2 424 + 0

p3  0.1199 +0.01603
p4  0.02597 +0.01235

pS 0.01278 +0.0003094
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