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CMD3 at VEPP-2000 e+e- collider

to VEPP-4M & c-T-factory . K-500 250 m (2010_2013/2016_)
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VEPP-2000: direct exclusive measurement of o (e+e- = hadrons) ¢

Only one working this days on scanning 2E = 0.32-2 GeV F e

Unique optics, "round beams” to reach higher L { =

World-best luminosity below 2 GeV = VEPP-2000 4

(except at 1 GeV point, where KLOE outperform everybody)

. A 1 & 35
L = 0.5x10%2 cm2sat 2E= 2 GeV = b SND

Two detectors: CMD-3 and SND

£
Only CMD-3 has magnetic field and é
suitable for Asymmetry study —
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an e+e- -> 1+11- by CMD3

h |
Very simple topology (just 2 track back to back), £ Nk _e;l o
but the most challenging channel 2 dsof et L s ‘ - 10 2<U
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¥ precise fiducial volume Momentums works better

X at low energy 2E< 0.8 GeV
Energy deposition > 0.6 GeV
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Fiducial volume cross check

All events at p-peak : E,,_ = 350 - 410 MeV (data - sim mixed)

» - difference normalized
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Up ~2% inconsistency
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BEUEI'ECIE, rad E 0.01
Sim mixed: £
Generators spectra + all efficiencies/smearing Fy
extracted from data and full simulation pOF |
N, /eoruerc = Trom event separ'a‘rlon 0055
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Asymmetry

E 0_04 ............. ................ .................. ............... * ........ HHOJ;’ZD“IE .......... ..................

& —s4 e moows | Fyll 2w analysis redone for 6 > and < /2
E @ : LOW2020 : : :
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e d Asymmetry definition:

A=(Ny.. ,-Ng, )N

0>m/2

N - corrected with efficiencies, etc

with selection cuts:
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Asymmetry 2mt/e+e-/2

Asymmeftry relative to generator prediction
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Average at 2E=350-410 MeV

— o with MCGPJ. = oo
<0A>=-104+0.02 % SA> = -015 + 0.03 % <0A>=0.10+0.14 %

like behavi with BaBaYaga@NLO: Nup can be extracted
gs, e o -0.07 £+ 0.03 % only at lowest energies

No trends for e+e-
BabaYaga/MCGPJ difference gives ~ 0.087%
Detector systematic can be ~ 0.1-0.2% %
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| Scalar production

Could it be: e+e- = p = oy or agm=?

With help of FASTERD generator

O. Shekhovtsova, 6. Venanzoni, 6. Panccheri,
Comp.Phys.C. 180 (2009) 1206-1218

Ebeam 3 d

80 MeV

Mixed in p = oy instead of ¢ —= (fo+0)y
in non structure model
with some rough o production parameters

,H_ ...... S QED+p_)GT '_- _

|6A| ~<2x10° effect only in far tails

Br (p->ay) ~ 1x10* [x2 Br(p—mOmOy) ]
Interference with sQED e+e- = mwmry: => ~ 1x10-3
x Collinearity selection cuts 1x10-2

Total rate ~ 10° oo small o affect something

p = arm* effect should be same or less:
Phys.Rev.D 76 (2007) 033001
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https://inspirehep.net/literature/812104
https://inspirehep.net/literature/812104
https://inspirehep.net/literature/753230

Asymmetry with M1t2

Asymmetry vs M_ 2

Sample of 2m can be selected by energy
deposition as MIP with E , <100 MeV

(with some admixture of 2p)

Comparison with full mixed simulation

Main difference comes from M_2/s ~ 1:
correspond to virtual/soft radiative corrections

105 8 1.1
Q2/Q?
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SQED assumptions

The radiative correction calculations is commonly done in the sQED approach,
I't's mean that the calculations are performed without form factor,
then final Amplitude is scaled by F(q?)

It works well for such
amplitudes: A = sQED*F(s)

SQED:  |M?| ~ |[F(g,2)I?
But it is oo naive for loop

) But two pion vertex can gives:
diagrams:

| 2| ~ F(qo?)*F((qo-9)*)*F(q?)
and as |F(M.?)|2~ 50
additional scale up can be
by x5-10?

Proper way will be to put F(q?) to each vertex

Thanks ’ro Roman Lee, this calcula’rlons was done with above sQED
. " STRONG2020 Virtual Workshop
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https://inspirehep.net/literature/1789058
https://inspirehep.net/literature/559980

FormFactor parametrization

Analytical calculation was done
with constant BW parametrization:
(off mass shell effect in FF was out of scope)

Full GS function was re-parametrized
by sum of constant BW:

B

2

3 BW gives ~ 5% precision

24 November 2021
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Virtual + soft corrections
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After plugging 8vFF in MCGPJ generator
Asymmetry dA relative to prediction
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After plugging 8vFF in MCGPJ generator
Asymmetry dA relative to prediction
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Final angle spectra %

~ 0.015 *2 / ndf 141.4 /158
' - Prob 0.8244
Still some disagreement in dN/d© 8 .02l point at 350 - 410 MeV e e
. E i
between data and prediction at level ~ 0.1%: B 005
. z .
1) Bhabha generator or Asym. in 2w kg
A qoC : Ol
2) detector inefficiencies
3) NT[T[ /Nee _0-005:_
-0.01
—0.015:

q.2 0 A e 1.8 2

—h

131.05 /157

0.93524

3.0692e+07 £ 1.8764e+04
1.0163 £ 0.0013
0.0016431 = 0.00037586

But already it allow to fit angle spectra
with released N /Ne., Asym parameters.
For sum of 350-410 MeV points
Event separation by momentums:
Nr /Nee = 1.0187 +- 0.00028

by energies inLXe A N /Nee = +0.05 +- 0.033%
from theta with free 8A: -0.23 +- 0.12%

with fixed 8A=0: +0.20 +- 0.08%

9%G20°0 N WoJ} 1DiS uowwo)

We have 3 fully independent methods for
Nr /Ne. determination, They are conS|s’ren‘r at ~ 0.2%
24 November 2021 ' = =
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How it can affect pion form factor measurements?

Usually event selections in analyses are charge/angle symmetric

Main effect at lowest order comes from:
Interference of box vs born diagrams => only charge-odd contribution
effect is integrated out

in full cross-section

Interference of ISR & box vs FSR (or v.v.) => charge-even



ISR measurements

The team:
F. Campanario, G. Rodrigo, Sz. Tracz (Valencia)

+ - 4 Henryk Czyz
'HI':(fJ;IiJri‘sEI,u;é‘Z(:uartij\g\lfcﬁl)eft physics) N LO e e % 7T 71- ’)/ the Muon 9-2 Theor‘y

Status - finished: arXiv:1903.10197 "™ Werksep 2017

F. Campanario et al.

= sQED + form factors: Phys.Rev.D 100 (2019) 7, 076004
FSR at NLO and pentaboxes ready and fully tested

— Phokharal0.0
http://ific.uv.es/~ rodrigo/phokhara/

FSRNLO TVP (two virtual photon)
‘/
‘\
H. c) 17
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https://inspirehep.net/literature/1726528
https://indico.fnal.gov/event/21626/contributions/63800/attachments/40007/48379/czyz_g-2-2019.pdf
https://indico.fnal.gov/event/21626/contributions/63800/attachments/40007/48379/czyz_g-2-2019.pdf

SQED assumption

. Henryk Czyz
Model assumptions the Muon g-2 Theory
Initiative Worksop 2019

H. Czyz Radiative corrections in PHOKHARA and EKHARA MC generators, 12
18
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https://indico.fnal.gov/event/21626/contributions/63800/attachments/40007/48379/czyz_g-2-2019.pdf
https://indico.fnal.gov/event/21626/contributions/63800/attachments/40007/48379/czyz_g-2-2019.pdf

ISR measurements

Complete NLO: KLOE-large Complete NLO: KLOE-small
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TVP 0.2 - 1% => can be scaled up with x5-10 . T
to 1-5% correction? g ! {
Els
éga}o.oom ll' 1
KLOE-2010 with tag photon measurement g oo
—0.0015
can be affected o< 005%% > <0.25-05%.2
—0.0025
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Summary

It seen ~1% disagreement in the asymmetry
between 2m CMD3 data vs prediction based on sSQED assumption

Proper account of the Form Factor in the box diagrams
gives x5-10 enhancement of them.

It can gives sizeable effect both in charge-odd
and in some cases in the charge-even parts of radiative corrections.

Inclusion of double FF in box diagram describe well
seen effect in the 2m Asymmetry with CMD3 data at the current precision.

20
" STRONG2020 Virtual Workshop
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backups
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Generators MCGPJ/Phokhara

2%
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| Generators MCGPJ/BabaYaga@NLO
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Ona p+y- uHTerpanbHaa acummeTpus coenaaaet
mexny MCGPJ/BabaYaga@NLO
¢ abc. TouHocTbro ~0.05% ( 5% oTHOCUTENbHAS TOYHOCTD)
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BabaYaga@NLO moaenupyeTt OTOHBI peKypCUBHO

Y Hac TONbKO OAUH POTOH Ha 6onblIoU yros

TToseneHue BabaYaga okono q2~ 1 6onee pusmyHo |

Ckopee Bcero 310 OoT/inYMe AaeT 3PPEKT B CUCTEMATUKY P O S B I o
; JDCB.EleJ'IeHMSI no P u3-3a pasHuuLL reHepaTopos

0.52
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mailto:BabaYaga@NLO

| Asymmetry with q2

Ebeam 350-410 MeV, MIP: E <100 MeV o
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