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Introduction | VEPP-2000

VEPP-2000

The layout of the VEPP-2000 electron-positron collider complex

o Energy from 0.32 GeV to 2 GeV in c.m. reference frame
e Circumference 24.39 m
o Luminosity (0.6 —0.7) - 1032 cm 2571
o Two experiments on the collider - CMD-3 and SND
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e Precision measurements of
hadronic cross sections and
investigation of exclusive hadron
annihilation channels ete™ for

accurate measurement of
R(S) e+e —>hafrons)
(efe=—putu~)
» R(s) is used to calculate the
anomalous magnetic moment of

the g-2 muon

The layout of CMD-3 detector. Mu -
muon system; DC - drift chamber; BGO e Study of the properties of vector
- endcap calorimeter; ZC - Z camera; mesons and their excited states
TOF - time-of-flight system; CsI, LXe

— cylindrical calorimeter
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Introduction Motivation

Introduction

@ The process ete™ — (w, p) — mete™ in the decay channel 7 — v

e Motivation to study: accurate knowledge of decay probabilities mesons
with the production of dileptons is necessary to study quark-gluon
plasma, branching measurement: VMD check.

@ The data from CMD-3 detector

e Integral luminosity ~ 10 pb™?

Purpose of the work: Measurement of w — 7%t e~ decay probability
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Data Analysis = Linear selections of w — wlete

Selections

Table: Background processes

Resonant (p,w) Nonresonant
ot~ Cosmic particles
7% (Dalitz decay 7% — yete™) QED events
. Particl ttered f th
7% (Photon conversion on matter) artieles sctz:eaer;e rom the

e The minimal distance to beams p < 1 cm
@ 7 vertex coordinate |Zvert| < 8

e Two “good” tracks (more than 10 triggered wires,
P, , > 40 MeV /c, 0.9 <01 < —0.9, Qsor =0)

o N, > 2 with energy 40 MeV < E,, , <2 Epeam 0.5 <0, <7 —0.5
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Data Analysis

Selections

Linear selections of w — mlete™

o Minv(e+e_’7max0) <19- Ebeam
@ Noncollinearity of tracks in
R — ¢ projections
|7T — |¢1 — ¢2H > 0.15
e Spatial angle between average
track momentum and each
photon is more than 1.5 rad

e The angle between photons is
less than 1.6 rad

e Spatial angle between tracks
Ay < 1rad
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104 mm Signal MC
Background MC

Distribution of the signal event separation
parameter and photon conversion to e*e”
on the detector material in front of the
detector obtained from a neural network
(multilayer perceptron)



Data Analysis = Conversion selection

Suppression of photon conversion events on the detector

substance

E Texp
£ Entries ZE]
. ean 05599 300]
o Std Dev 04792
2/ ot

T[T T[T T T

Prob
Nimoorofgoevers 2811536 |
Nurmber o g vonts __soiseat1 | 70— 20

| L L |
oF [ R 7 S S T O [a—
Separation parameter

| I I | I
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Approximation of separation parameter from ) o
experiment (blue) by simulation (red) Experimental deviation from MC
(v/s = 680 MeV) (v/s = 680 MeV)

Table: The result of calculating the ratio of events [Neey/Nyrl,c / [Neey/Nyr],,, for all
models and energy points

Calculation Systematic
efficiency error
680 MeV 750 MeV
The MP 0.966 + 0.025 1.020 £+ 0.017 2.5 %
The GBDT 0.9734+0.025 1.031 4+0.016 2.6 %

Ancam6iis 0.968 £0.025 1.035 £ 0.016 2.7 %
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1lts | Born on from VMD

Born cross-section from VMD

Feynman diagrams contributing to the process ete™ — (w, p) — n%e*e™ under study.

Fypro — transition form factor from w to 70
8yw8upn & —
Opoete— = M 2, deos(6r) [ dey [y dor [y, dwidws|L(1, P3, B3)I2 -
2
] 1 n 1
D,($)Dp(a®) ' D,(S)Du(9?)
3m3 Ty Br(V—ete™) 1/2 D — Dalitz surface in the energy variables e~ w; and
&V = dmo et wy, 01, 1 — polar and azimuthal electron angles,
Som = |:47rrvBr(V—)p7T):| 1/2 ¢12 — plane rotation angle (pi, p2), pi and pi are
- Wor(mv) electron and positron momenta, respectively, Dy (s) —

meson propagator
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Results | Branching w — wlete

Branching w — 7%ete™

o

< C H H

& o0 [ aTnd 168717

o 120 M, 7827+ 0
Co W 849+ 0
0| Br,(t°e"®) 0.0006528 +2.063e-05
1 N 57.26+10.49

0.8 \
06F
0.2F }

650 700 750 800 850
s, MeV

Nsig N

s . Opteo— - —
Approximation of the Born section 7°e"e™ : gpom = [T 00 g 02 ag BATO577)
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Results | Branching w — wlete

Branching w — 7%ete™

Table: Main contributions to systematic error

Background p and w Conversion | Luminosity Form 3w Close Radiation
subtraction resonance suppression factor tracks correction
parameters
3.6% ‘ 2.4% ‘ 2% ‘ 1.5% ‘ 1.2% ‘ 0.9%| 0.5% ‘ 0.5%
Table: Branching of w — 7°e™e™ in various experiments
ND SND CMD-2 CMD-3
(preliminary)
Br(w — nleTe™),107% [594+1.9(7.61 £0.53+0.64]8.19+0.53 +0.62|6.53 + 0.21 + 0.34
Integral luminosity, pb~* - 9.8 3.3 10




Conclusion

Conclusion

e Machine learning models have systematic uncertainties if trained on MC
but high efficiency;
o Linear classifications are simpler but require manual feature selection;

@ The main contributions to systematic uncertainty was evaluated;

The relative decay probability is determined:
Br(w — mete™) = (6.53 & 0.21(stat.) £ 0.34(sys.)) - 1074,

bdkutsenko@gmail.com
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AHHpOKCIV'Il\"IaLLHH B Pa3/IMYHBIX MOJECJIAX

Table: PesympraTs! anmpokcumalmi GOPHOBCKOTO CEYEHUS TSI I€THIPEX PASTUTHBIX
MoOJIeJieit.

Mogens | Br(w),10~*[ M,,, MaB M., MoB | Re(Ao), MoaB~% [ Im(Ay), MsB~* [ x?/NDF

I 6,52 £0.21| 782,65 3,49 - . 16,8/17
I |6,79L032| 782,7+£02 |8,11£0.65 . . 16,82/15
I |7,19+005| 782,65 8,49 (-1,0 £2,8)-10 ° | (-5,7 £10,5)-10"° | 16,85/15

% 7,2+1,2 |782,7+0,25|8,19 £ 0,64 | (-7,7 £37,6)-10 | (-5,4 £12,8)-10 ° | 16,64/13
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e 113 MC nmaxomurcsa dpopma
CHT'HAJIBHOTO crieKTpa M,

Bes crarucTuka onuchiBaeTcst
CYMMOIl CUI'HAJIBHOI'O CIIEKTDA
n dona.

st onpesiesieHnst KOJIMIECTBA
CUTHAJIBHBIX COOBITHII B
KaxKJIOif TOYKe 10 SHEePIUun
CIIEKTP MHBApUAHTHON MacCChI
AlIIPOKCUMUPYeTCAa HaJeHHON
dopmoit curnasia u Goua

(BINP

[TogcuéT curHaJIbHBIX 1 (DOHOBBIX COOBITHI

MupapuanThas Macca ABYX FaMMa KBAHTOB B MOJEJHPO-

BaHUU

Tvingg

Entries 74811

|
20 %0 30
M., MeV

invmgg

%0
M., MeV/

MupapuanTHas Macca ABYX FaMMa KBAHTOB B SKCIIE€PUMeH-
Te mo Bce#l craTuCcTUKe



HOoCTh Jlanuma

500

400

300

200

100

o

mat

Mean x
Meany

Std Dev x
Std Devy

Entries  2.0532666+07

2569
2558
75.08
75.07

o

(BINP

| |
‘ 100 - 200 ‘ ‘ 300 ‘ ‘ 400

ITosepxuocts [lamuTia

500

)ébﬂry

70

50
40
30

20




Ot6opsl cobbrTit K9/1

st or6opa cobprTuit mporeccos K/l eTe™ — ete vy u ete™ — vy
IPUMEHSJINCE CJIeIyIOMIe KPUTePUH:

N, > 1 c sueprueit 0,5 - Epeam < E < 1,5 Epeam, JUTsT OCTAIHHBIX

doronos E, < 40 MsB;

[Tpurnesnpablit mapamerp TpekoB p < 1 cM;

Emax

Z KOoOpAMHATA BEPIINHBI | Zyer| < 8;

e /Ipa “xopommx” tpeka (6osiee 10 cpaboTaBuINX [IPOBOJIOYEK, Py, , > 40

MsB/c, 0,9 < 12 <7m—0,9, Qtor = 0);
Cywmmapusrit 3apsi 0;
Yron mexnay tpekamu Ay < 1 pajguan;
0,6<0, <m—0,5

X2 BOCCTAHOBJIGHHOI BEPHIMHBI TPEKOB < 9;

Emax

PackosiimneapHocTb Tpekos B R — ¢ npoekiuu |m — |1 — ¢o|| > 0.15;

IIpocTpaHCTBEHHBIN YIOJ MEXKYy CPEJIHAM UMITYJIHLCOM TPEKOB U (POTOHOM
boJiee 2 paauaH;

CymMapsblit uMIynbe Epeam — 20 MaB/c < Piorc < Epeam + 25 MaB/c.
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P&S,Z[GHGHHG BHyTpeHHef“I KOHBEPCHUUN U KOHBEPCHUU

BEIIECTBE AETEKTOPA

e Crarmcrudeckoe BbHIYUTAHUE KaK HA
KM/I-2 npuoauTr K GOJIBIION
craTucTUYecKoii omubke (B 3 pasa
GoJIbIIIe BEIECTBa [epej], JeTeKTOPOM )

o Hcnonb3yercss MHOTOCJIONHDIT
MEPIIENITPOH, Ha BXOJ, KOTOPOIA
momaérca 10 mapamerpos cobertus. Ha
BBIXOJIE KPUTEPUIl Pa3/IesIeHUs - IUCIIO
or 0 mo 1.

Exp st aproximation

AnmnpoxkcuManusi KpuTepust
paznesenus (1/s = 680 MeV,
BEPXHslsl TUCTOIPAMMA.).
OTKJTOHEHIE SKCIEPUMEHTPA OT
MC nokazaHO HA HUXKHEM
rpaduke



Input model parameters

®6 0000006000

[Tapamerp x? uz MIIOB;

IIpocrpancTBeHHbIit yrou Mexmy ete™ mo MITOB;
ITpocTpaHcTBeHHBI yros Mexky ete™ mociae MIIOB;

Paccrosiaue or mydka 0 peKOHCTPYHUPOBAHHON BEPITHHBI;
Paccrosiare or mydka 70 BepIIUHBI PACCIUTAHHON TeOMETPUIECKH;

VuBapuanTHast Macca e e ;
IToApHBIl yroJ1 MOJIHOrO UMITYJIbca €' e ;

A3IMyTATBHBIH YTOJI TTOJHOTO UMIYILCa e e ;

IMommeiit TMOyabe e e™, HOPMUPOBAHHLIA Ha SHEPIHIO Iy HUKa;
IMonepeunslit UMITyIbC €1, HOPMUPOBAHHDIH Ha 3HEPIHIO IIyYKa;

Ilonepevnslit NMITYJIBC €, HODMUPOBAHHBIM HA SHEPIHIO IIYYKA.
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Paznenenne BHyTpeHHell KOHBEpCUU W KOHBEPCUN HA

BEIIECTBE AETEKTOPa - CUCTEMaTUKa

The difference between the calculated and
measured number of events

[Neey /N
Ry = o2 mek wwas averaged over two
[Neev/N’Y’Y]exp,k

energy points with statistical uncertainties

Rl-l/af?1+R2»1/a'2R2
1/ Ufﬁ +1/ 0%2

of R can be used to fix simulation of photon

conversion to eTe~ on the material in front

of the detector. The uncertainty of R was

corrected by a scale factor

S2 — %212(:1 Egkk__?%z and used as a

systematic uncertainty of machine learning

model application to event selection

as weights R = . The value
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Paccrosinue or BepmuHbL 10
nydka B R — ¢ miockoctu. Ro—
HalileHHas BepinHa; R —
repecunTaHHas U3 OKPYXKHOCTEIA.
3HaK ompeesseTcs
PacIoJIO’KeHUEM BepPIITUHBI
OTHOCUTEJILHO HAIIPABJICHUS
CpeHero uMIyibca et e



Supervision learning

e Each event x; from the detector is characterized by the data set

x; = x}, x?,x>... is necessary to find to which decay (class) y; this event

AR Ry |

belongs

e From the Monte Carlo simulation there is a data set (teacher) -
D{(X,',y,'), i = 1, 2.., N}

By transforming the initial data set, it is often possible to reduce the problem
to a linear one
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Paziesienne curHajbHbIX U (DOHOBBIX COOBITHI

2 o6
-‘5_: D.|4f
e IIpoBepsieMm, 910 (HOHOBLIE B
COOBITHA HE COIEPIKAT g
A
PE30HAHCHOTI'O IIHKA 2 f
g oo
bg 0.06-
O.bg — Ni 0.04]—
vis Li eget oonf T
b 1
775 780 785 790 795 800

Vs, MeV

3aBUCHMOCTb BHAMMOTO cedeHusi (POHO-
BBIX COOBITHIl, AINPOKCHMUDYEMAs Pe30-
HAHCHOU KPUBOU
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cob6piTHil 37

Y4aér BKIIa1a coObITHI 37

e Ompenenmmiacy dpopma

o ll3menuau orOOp CUTHAJIBHBIX
cobbrTmit: 0.4<Ap<1.2

100

3

3aBUCUMOCTH 37 JJIsi COOBITHIA s
37, JJIs 9TOro s00p- 0 5030
MOIMDUITTPOBAJIN OTOOPBI sof- | 5 i
COOBITUI — YBEJUIUIIN 400? 2 S
KOJIMYIECTBO cOoObITHit 37 ok
(or6opnl «7%, Myec(v7y), E/P) oo

Dopma zaBucumoctu A st cobbITHil 37
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Vuér Bknaga cobbiTuii 37w

Y4aér BKIIa1a coObITHI 37

o PesoHaHCHBIE COOBITHSI COCTOSIT
U3 CUTHAJIBHBIX COOBITUI U
cobbiTuit 37, ux Bcero 228 + 15

0

6.236/4
C PO 0.04174+ 0.005852

p 785.5+ 0.4801
p2 8.086+ 1.884
1 3 0.006188+ 0.004536

o
R

T

o
>
S

Visible cross-section, nb
°
S
T

T

e Bkunasn cobnrrmit mlete™

orneruBasn u3 MC:
Niogre- =80+9

o Ocrasmmecs cobbiTust 37
[IEPECYUTAHDBI B O0JIACTU YIJIOB 00

T

AY<1.0: N3, =88 £ 17 E i
775 780 785 790 795 800
e Ucnonbsys 3pHeKTUBHOCTD Vs, Mev
0TO0POB 37 HEIPOHHOI CETHIO NP
BopnoBckoe ceuenne o3, = CobbI-

Li eget *
IIoJIy9aeM UTOI'0OBOE YHCJIO THST IPONLIA OT60p O.4<A1/)<1.2

cobprtuit N3, = 55+ 13
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SddexTusnocTH

Db dexTuBHOCTI

e DddexkTuBHOCTH TpUTEPA

paccuuTaHnbl 13 € : :
IIPE/IIOJIOKEHUS] O UX 095
HE3aBUCUMOCTHU 09
@ 9P PeKTUBHOCTH 085 CyMMapHbIA-TpHrrep
BOCCTAHOBJICHUS T° paCCINTAHA, 08 * HelTpnanbHeli Tpnrrep

w3 acbexTuBHoCTIH 3apsixeHblid Tpurrep

BOCCTAHOBJICHUS (DOTOHOB.
DdderTuBHOCTD, B
3aBHCAMOCTH OT SHEPrUu

0.7

5l

n

0.6

\/'s, MeV

~
N
a
<
@
S
<
®
&
~
@
=1
<
©
o
-3
S
S

n3mensiercsa or 0.989 + 0.006 06
no 1.007 £ 0.006.

e DddekTUBHOCTH
JICTEKTUPOBAHUS B
3aBUCHMOCTHU OT dHepruu 0.212
- 0.227

DddekTUBHOCTL TPUTEPA
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Db eKTUBHOCTH BOCCTAHOBJIEHIS OJIM3KIX TPEKOB

MimeM 3aBECEMOCTD IIOTEPH OJHOI0 TPEKa OT ero HOIIEPEeYHOr0 UMITYJILCA B
cobbrTusix w — T w0, B kKoropeix 70 pacnajaercs B eTe "y
Kpurepun orbopa:

o 3 wim 4 Tpeka, cymmapHbiii 3apsia 1 wim 0 coorBercBenHHO, 1 1 GoJibIie
GbOTOHOB, NIPUTIEJIBHBIN TaApaMeTp TPEKoB p< 1 cMm

@ 7 KoopjuHATa BepIuHbl |Zvert| < 8
o Nmmynbe tpeka Pi < Epeam
o Ilomapnsrit yrom Tpeka 0.9 < 01, <7 — 0.9

o Ilocsre mporeypbl KHHEMATHIECKON PEKOHCTPYKIINKA B MOJIEIUPOBAHUN
X2 < 100, B sxcrepemente s 4 TPeKos - Y2 < 40, 1715 TPEX TPEKOB -
X2 < 70
Jlyist onpesieieHnst THOHHON Taphbl, B OTOOPAHHBIX COOBITUSAX HCIIOJIb30BAJICS
mapameTp HeJOCTAIOMIEH MACChl 3aPI?KEHHBIX TaCTHI]
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dbexkTusnocTH | BANSKHE Tpeku

DdHeKTUBHOCTD BOCCTAHOBJIEHUS OJINBKIX TPEKOB

CoorBeTcTBHE MTKAJT HAXOAMIOCH U3 COBMECTHOM AITPOKCUMAIIIH
pacrpe/esenuii x2 cobbITHil MOIEINPOBAHNS U SKCIHEPUMEHTa, (DyHKIMAMMI

Buna: dN/dx? = exp(P1 4+ P2 - x?) + exp(P3 + P4 - x?)

- 5 - b
ot 2t 94151174 0t 2t 4997174
E E IS S
E E o e
£ ‘ 02800
. L= 7
10k E
e S e v e e e s e
r — s s s o
o wht
E B
oL ol
e B e B e B e E
Pacripenenenne X2 JJIsi coObITHi ¢ 3 Pacripenenenne X2 I1si cobpITuii ¢ 4
TpEKaMu JJIsT JAHHBIX MOJIEJTUPOBAHUS TPEKaMU JIJIsI JAHHBIX MOJIEJIMPOBAHUS U
7 KCIIEPUMEHTA 9KCIEPUMEHTa,
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SddexrusnocTn | Bauskue Tpexn

DD PEKTUBHOCTH BOCCTAHOBJICHUST OJINBKUX TPEKOB

DdPEeKTUBHOCTD PEKOHCTPYKIUU €
TPEKa OT ero MOIePEevIHOr0 UMITYJIbCa

Al POKCUMUPYETCH -
(a) Oxcnepument  (b) Dxcnepument L+ A
JIEKTPOH TIO3UTPOH 5A1/; - 1+(P /pf)a

I/ITOFOBaH 3(1)(1)eKTI/IBHOCTb Eny =

f A¢exp L)Emp exp L)f(P )f(P+)dP dP+

- ==
A'x/; slm(P ) e Allf Slm(P

(c) Mognenuposanue (d) Mogenuposanue
3JIEKTPOH [O3UTPOH

eay = 0.986 £ 0.010 (crar.)£0.006 (cucr.)
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Sddexrusnoctn | Paanonpaska

Panmonpaska

w 2
+12F T L1251
— [ S I
[ p=1 5

L 9 [
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[ o o 5
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0.00E

W reparmoHHbIilt METO/, OIIPEETICHUS
PaJIIIONIPABOK K U3yYaeMOMY IIPOIECCY

AnnpoxkcuManysi 3KCIepUMEHTAIbHBIX
Touek mHTerpasiom Kypaesa-PagmHa

ST Fx, 9)e(x, S)om(s(1 = x))dx)
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