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1. VEPP-2000 collider & CMD-3 detector

—— Transfer line K-500 —‘

P

VEPP-2000

eTe™ symmetric beams machme for the energy scan
in range /s € (2m,; 2.005 GeV)

Round beams technology used

The maximum luminosity is 1032 cm™2?s~! at
2.0 GeV

Compton backscattering beam energy measurement _)5!
(£60 keV precision) =

~ 120 pbt is collected by each detector, the goal is to -
collect ~1 fbl in ~5 years !




CMD-3 detector
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Physics program of CMD-3

o(ete”—>hadrons)

(9,—2) puzzle: precise measurement of R = - the goal is to achieve <1%

ag(ete —»utu)
systematic for major channels

Study of exclusive hadronic channels of et e~ annihilation, test of isotopic relations
Study of the “excited” vector mesons: p’, p"', w', ¢ ...

CVC tests: comparison of isovector part of o(ete™ — hadrons) with T —decay spectra
Study of Gg /Gy for nucleons near threshold

Diphoton physics (e.g. n’ production)



CMD-3 data analysis status

ete s> ntn~

ete - KK~

ete s ntn ntn

€+3_ — KSKL

ete” s>t nn°

ete” - ny,n’y, 3y

ete > KtKn’

ete” st ntn n°

ete ot ntn nxY

ete”" > KK~ (n, w)

ete” - KK*

ete” - pp

ete s>t n®

ete” - nn

e‘er = mwnm

ete” - n'(958)

e‘e = mry

Dark photon search

ete > KYK ntn~

ete = KKm,
e'e = ny,n—>3n

ete —» mwn

Conversion decays ete™ —

ete n’ete™n
B - Final results are published + also
- Preliminary results reported at conferences K*K 2n",

1 - Isbeing studied, not reported

K{Kinn® etc.



dE/dx, MeV/cm (all layers)

2.ete™ - KK(n)m processes: kaon/pion separation

K /m separation is the starting point and key issue for such processes

We use the dE/dx in drift chamber 18000[ 4

i : i - K"K m"m™ events
(DC), but for single kaons and pions it = reool- | (MC)
works reliably only up to p< g ool

450 MeV/c

10000

For the final states K*K~, KtK n", 5000
KtK=2rn° the use of dE/dxpc is c00
insufficient 4000}

dEdx, [conventional units]

We are developing the PID procedure e S T
with the use of dE/dx;x. in 14 layer o0 200 300 400 500 600 ;°‘EMerg‘]’
L Xe-calorimeter ’

o 25(1E/deXe, MeV/cm |
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L Xe-calorimeter of CMD-3
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Fig. 1. 1 — beam pipe, 2 - drift chamber, 3 - BGO electromagnetic calorimeter, 4 -
Z-chamber, 5 - SC solenoid (0.13Xp, 13 kGs), 6 - LXe electromagnetic calorimeter (the
segmentation with “towers” specially shown), 7 — TOF system, 8 - Csl electromagnetic
calorimeter, 9 - Yoke.




The PID with LXe

For each DC-track we calculate the 10 values of the responses of the boosted decision trees (BDT)
classifiers, trained for the separation of particular pair of charged particles in particular ranges of
momenta and path length in LXe-layer (2200 classifiers in total):

ot ut o Kt
u* | Response;;j(ut/e®) - ; ]
nt | Response;j(n*/e*) | Response;;(n*/u®) - -
K* | Response;;(K*/e*) | Response;;(K*/u*) | Response;;(K*/n¥) -
p* | Response;j(p*/e*) | Response;;(p*/u*) | Response;;j(p*/n*) | Response;;j(p*/K*)
The training samples: MC for K*, MC & = 22| | _
experimental events for others C':‘n Jtion in magnetic field
Input variables: dE/dxpc, 14 values of -051_8

dE /dx;xe

Sophisticated detector response simulation is
required: determination of the layers
transparency coefficients, correlative and
anticorrelative redistribution of induced
charge between upper and lower strips etc.,
“geometric effect”, recombination etc.

Main problem: bad simulation of 7=, K~
will be used at first)

1.6

1.4

1.2

| | | | 1 1 1 |
200 400 600

| | | | |
800 1000

|
1200

p, MeV/c

interactions with nuclei (the PID only for 7%, K*



dE /dx;x. in 14 layers: MC/exp comparison for ™

« 7t sample is selected from 2m* 27~ events, /s € (1.6 GeV; 2 GeV)
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dE/dx;x. In 14 layers: MC/exp comparison for ™

« 7~ sample is selected from 2w+ 27~ events, /s € (1.6 GeV; 2 GeV)
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MC/exp comparison for ™ & ™

L Xe cluster energy / path, MeV/c L Xe cluster energy / path, MeV/c
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dE /dx; . in 14 layers: MC/exp comparison for K™

« K% sample is selected from K* K-t~ events, v/s € (1.6 GeV; 2 GeV)
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dE/dx;x. In 14 layers: MC/exp comparison for K~

« K~ sample is selected from K* Kt~ events, v/s € (1.6 GeV; 2 GeV)

5 = 1 -
=




Example: selection of ete™ - K"K~ (y) at /s > 1.8 GeV
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Example: selection of ete™ - K"K~ (y) at /s > 1.8 GeV
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3.1Study of eTe™ - KK m"m™ process

2011-2012 energy scan, 23 pb~1

Event selection: 4 or 3 tracks

Kaon/pion separation using log-likelihood function
based on dE /dxp:

Entries/0.115 units

\

[1fL(p,dE/dxpc)
[1LfL(p, dE /dxpc) + fi (p,dE /dxpc)]

4-tracks events: signal events selection using energy-
momentum conservation

3-tracks events: signal/background separation by fitting
energy disbalance distribution

=> ~24k of signal events selected

The major intermediate states were found to be

f0(500)¢9 & f,(980)¢

p(770)(KK)s-wave

(K1(1270)K)S—wave_) (K*(892)7T)S—wavel{
(K1(1400)K)S—Wave_) (K*(892)7T)S—wavel(
(K1(1400)K)s-wave= (P(770)K)s_waveK

Their relative amplitudes were found from the unbinned fit
of the data (relative phases were fixed at 0)
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Study of the dynamics of K* K~ m~ production
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ole’e = K'Knn), nb

Cross section of the ete™ - KT K m*m™ process

o 5
The results for 2011-2012 scan were f:
published, but new 2017 scan with ~60 ¢ 4
pb~1 of integrated luminosity provided +§
~3 times more signal events 1 .
First look: we see a systematic drop near ig 2
pp threshold © p
But the result is too preliminary to/make
any statement 0
3 Wk 4 =z B
2017 - red (syst ~5-10%) %4 ¥4 49 "®
419011,2012 - black e iy | BAE
' it " | T4
31 v =
B ¥ ¢ T4.4
2__ . *“ _;(D
: :* %4.2
1= ¢ 4
C . & * 3 8:
O_._._._.J._. L T husl RN N TN TN TR TN [N TN S TN T NN TN S TN S N S ST T SN Y SO O
1500 1600 1700 1800 1900 2000 -
Ec.m, MeV

® CMID-3 (2012)
e CVID-3 (2011)

O BaBar

§¥

o=
_(%-

-y
-pl I L L L

& *ﬁqﬁﬂ“ +

& Esyst = 6+ 12%

—%

Phys.Lett. B756 (2016) 153-160

1500 1600 1

PO TR TR T T T TR TR WY W T TN W W Y
700 1800 1900 2000
E.m, MeV

S
+

2017 only

PR T B S W
1840 1860

e 1 & ¢ b g a1 a4 9 9 1 3 4
1880 1900 1920 1940

E.m, MeV



3.2Studyofete™ > K"K n & K*K~ w(782) processes

 nand w(782) are treated as the recoil particles
« Only ¢n intermediate state is seen in KK ™7

» Event classes with 2, 3 and 4 tracks are considered. K /m separation is performed using log-
likelihood function. For instance, in 2-track class the distribution is:

9 4ot || —— Experiment
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(¢b) — |1 MC:K'Keta
= B MC: K*K2pi’
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Study ofete” > K"K n & K"K~ w(782) processes
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 K*K~m*m~ is the major background in 3- and 4-track classes:
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Study ofete” > K"K n & K"K~ w(782) processes

* ¢n selection:
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= 3
b (s) = 120 P2 ) or more precisely, as three-body expression
d c3/2
271 m> . . :
JE}'(S) = e {:I_SFSF(S)‘]“]KJ’ X Prc—|*sin® (uormal)| Do (95 ) [P AP g+ -, (V/5)
T, } ; 9 Table 2: The ¢’ parameters obtained from the fit.
with F(s) = |A (s)et? + J (FeeB(o _’ﬁf’”)}r@’mgfﬂ. (s) Parameter Value
menmen i [P (g )| ? x?/n.d.f 46.3/33~1.4
o °F LOB(¢'—n),eV 1634374046 1m0a
5 o0 my, MeV 169012400 E31mod
Né _0_1:, quf: MeV 327:|:88st.at:|:14mod
T 02f
o3 e of | 2011
—0.4F 325; ‘ 2012
—0.5[ © 20
e T e e s 3 2 | 2017
E.., GeV > 2f ’ | %
= L
* New data of 2017 scan is being 315; l [ | }
analyzed and new ¢(1680)- T | | ‘I N | | |
dedicated scans are planned for % | H H ‘ " l, “ |
near future => we are at good § | toH ”ﬂ} II {H M 1 N
disposition to perform the most 0-5;H+ * 1 i
preCise StUdy Of ¢, :\ 1 ‘ 1 | L | ‘ | 1 L | ‘ | L | | ‘ | L | L ‘ | L | L | L L | L | L | | | | L | L | | | |
1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2

ete” — ¢n cross section fitting

Fitting of the ete™ — ¢n cross section is the one of the best way for ¢(1680) parameters extraction
Cross section of eTe™ — ¢n is parametrized by quasi-two body formula

Ecm, GeV



ete” - K"K~ w(782) cross section fitting

Q(Ffegifﬁw f{—w)f-'ng',r I's
(27)5m,Cly—3n 8?

Ot K-u(8) = | Dy ()] /‘Dw‘2|Dpn + Dpr 4 D= (| Je)® + | Jy|?)d® i+ i= ot =0 (V/5)

where

Cygr = [ = X Pt ] Do + [Fro X o] D + [Frrt X 0] Dyt [2dP 5= o (2)

and the components of hadronic current J, ,, are
Jo = €x0(DpsDi= = Dp-Pit) + €nt (Pr-Pio — Propi-) + €x= (Propie — Prspro)
Jy = €x0(P7-Drs+ = D7-Pr+) + €x+ (Propim — ProPz-) + €x- (D74P70 — ProDi+)

‘c_% [~ BaBar
3 [ —— CcMD32011 +
v [
L 08 —t+— CMD32012 H#
A I~ .
'SI’ - fit CMD3
8 06— I
© !

04— o

02—

B \ \ | |

L I R B I B [ R R !
1.75 1.8 1.85 1.9 1.95



3.3 Kt K~ Y final state

Events selection: 2 tracks, >= 2 photons

AC kinematic fit with all the photon pairs (energy-momentum conservation required), y? < 35
x2 of signal events for /s € (1.54 GeV, 1.65 GeV)
The main backgrounds: K*K~y, KK 2%, ool : :

- A B T experiment | |
K*Kg,nt, ntn n® ntn 2n° | B simulation

The background suppression is performed by the
training of BDT classifier. The input variables are:
1) dE /dxp-, 2) momenta and angles of charged
particles & photons 3) m?,,;ss 2k

25 30 35
2 of kinematic fit

Separation by BDT parameter for
Vs € (1.5 GeV,1.58 GeV)
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pJ11] " 1y ) simulation |- —=— Babar (K*K)
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Conclusion & Plans

CMD-3 collaboration is progressing in datataking and data analysis for the ete™ - KK(n)m
processes

K /m separation is the starting point and key issue for such processes => the charged PID
procedure using dE /dx; x. 1S being developed

ete™ - KK (n)m processes has reach dynamics, provide a case for isotopic relations test and,
especially, for ¢(1680) parameters measurement

Thank you for attention!



