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@, [Touemy ACMMMETPUA B 2TT

[na onucaHusa npouecca ee” = T UCMOMb3YHOTCS MOAESIU C PA3NIUYHBIMU
NpeAnonoXeHUSMU B3AUMOAEMUCTBUS MUOHA C POTOHOM.

3apsaoBas acummeTpus B 2T B HU3LWEM NOpaAKe NOoSBISeTCs U3
UHTeppepeHumn ISR & FSR:

e e

ACMMMeTpMﬂ O4eHb YyBCTBUTESIbHA K 3TUM MOAENAM.
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AcnmmeTpusa B BaBar

Subject 1: LO FSR contribution in “ISR” experiments

» ISR method used to measure hadronic cross sections: ee=>Xy X:QED (i) or hadronic final states (')

s ) 1t 8 it

»but radiation can be from initial state (LO ISR) or final state (LO FSR) / (o : (S
»LO FSR contribution (by theoretical prediction/estimation): |

® QED for ppy.; (use QED generators, AfkQed/Phokhara)

® model dependent estimation for nny.e, : very small if initial e*e” energy large (BABAR 10.58 GeV)

»how small is FSR for mmry ? BABAR analysis, Phys.Rev.D 92 (2015) 7, 072015; arxiv:1508.04008

» hard to do direct measurement, but the interference between the FSR and ISR amplitudes can be accessed
through a charge asymmetry (C==* 1)
T X |\/H2 = \J‘WISRF + J\/IFSR|2 + 2Re(MisrMpgr)
|M|2 — ’Mrr+<—>ﬂ?_ |2 . ;
IM|? + [ Mgt a2 ,
2Re(Misr Mg

= = A, cos ¢*
|M[SR|2 —l— |MFSR|2 0 (b) In the ™z~ c.m.

A =




AcnmmeTpusa B BaBar

Slope of the charge asymmetry A,

BABAR ppuy
{c +! :(lalta \I\'ilh‘c:ourectiiou1 : il:o B o |
o MC truth generated 0.04 - + + |
2p = S I J( |
ol = 1 oo i ++ + + + |
-0.6 _ ﬁ:’:+ - 0 Jf +++
-0.8 | i | " ; *- 20.02 N I B
4 6 0 2 4 6
mw(GeV c:) m,, (GeV/cz)
Inconsistency at 2.65 + 0.38 % at 1.5 - 4 GeV
2.5+ 0.78 % difference between cos 6 , >or <0
Systematic 1.4% (0.9% data, 1.0% generator)
Test of null asymmetry on J/y = py;
A, (J/v)=(13+16)%
17 December 2021 =

BABAR mrmty

| ® 0<|cosB |<] after weighting
| ™ model expectation (av. c0,c2)

T

_0‘4.\|[\\\‘\\..1\.\\\

A, ~ 1% around p (staroi-02%)
Systematic 0.1 - 0.17%

Fitted by model with FSR from quarks
free parameters for f +f,

f, - consistent with prediction by V. Chernyak
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AcnmmeTtpuna B KLOE

N0+ > 90°) —

N(f,+ < 90°)

A_

At ©- pegkN(Gﬁﬂ- > 90°) + N(0,.+ < 90°)

F. Ambrosino et al., PLB634 (2006) 148
6. Pancheri, O.Shekhovtsova, 6. VenanzoniJETP 106 (2008), 470
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Bknagsr: ¢ = (f,(980 y in non structure model
@ = P, pTTTY

Even more models in A. Gallegos et al. PLB 693 (2010) 467 :
Brem, DR, UXPT , LSM, RxPT , KLM etc ...

6, 0,>45°

2006 ¢ off-peak data

P. Beltrame, Ph.D. Thesis (2009)
S. Muller CPC 34 (2010) 686
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http://digbib.ubka.uni-karlsruhe.de/volltexte/documents/711883
https://inspirehep.net/literature/839791
https://inspirehep.net/literature/828714
https://inspirehep.net/literature/697749
https://inspirehep.net/literature/753655
https://indico.ihep.ac.cn/event/619/session/8/contribution/39

o CMD3 at VEPP-2000 e+e- collider
toVEPP-4M§c-~c-factory ~ K-500 250 m (2010_2013/2016_)
" M Mb eamline

Storage Ring
e+/e- source Bldg.13 \““\- K-50p VEPP-2000

Bldg.4 Bldg.20 M‘% @

VEPP-2000: direct exclusive measurement of o (e+e- = hadrons) CMD-S ¢

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)

i -1 - &
L = 0.5x10%% cm?s'at 2E= 2 GeV y +- SND

Two detectors: CMD-3 and SND

£
Only CMD-3 has magnetic field and é
suitable for Asymmetry study —

%

BINP, Novosibirsk
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o e+e- -> TI+11- by CMD3

Very simple topology (just 2 track back to back), 52 T ,e,-l 9
but the most challenging channel Senb e i e . e al
due to high precision requirement. EasoToe= o ;. £ '
Original plans was to reach systematic ~0.35-0.5% Emim‘;-:’ 2 =< M
I . "f"'lf .'-I:|:| - - - : 1
200 i : -|:-.|' I-I"' o .-.- .............. a
Crucial pieces of analysis: 180-_;7 b Bt E o el ° 1S
T ’ | = .l .-.E'--T-r",—-." ..___-.._.lsb-:_ d
X e/u/m separation events separation eIThV Toaw AN R A H <
160 1 80 200 220 40 260 280
by momen'l'um / - y Md@mentum, MeVAX, +
X radiative corrections or by energy deposition cosmic w'w H'y e'e” =
+
>

X ) ; ) > X
precise fiducial volume Momentums works better E—soo m

X at low energy 2E< 0.8 GeV gaoo L.
Energy deposition>0.6 GeV & & | |
5300 ........ : 3||
| FE
1" B
___________________________ =
®
.

400 200 300 400 500
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@, Fiducial volume cross check

v

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

» - difference normalized

x10° [ 1<B«< -1 rad good de‘rec‘ror accep’rance EU LY
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400 . ............. .............. % '1_. ....................... ; .................. s ....................... ....................... ................. - 1.2 1.4 1.6 1.8 2
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J00N - 4? 4% - :
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0.05 Prob 0.8513
PO,  9.23e-05 + 2.69e-04
p1 0.04303 + 0.00091

Up ~2% inconsistency

4

-‘J
Q
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Baveraces Fad E 0.01
Sim mixed: % 0
Generators spectra + all efficiencies/smearing Fr
extracted from data and full simulation -0.03¢)
N, /eoruerc = Trom event separ'a‘rlon S N SN IS
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Yo TI+TT- 9PPEKTUBHOCTb OT O yr/a
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Asymmetry

E 0_04 __ .............
§ N
0.02f

=2
IIIIIIIII

[P .................. ............... 7*- ........ HHOEUTS .......... ..................
s RHOZ018
LOWR020

Full 2m analysis redone for 6 > and < /2

Asymmetry definition:
A=(Ny.. ,-Ng, )N

0>m/2
N - corrected with efficiencies, etc

with selection cuts:

000200 250 300 350 400 450 500 550
Beam Energy, MeV

17 December 2021

| Ap|<0.15, | AB|<0.25,

L 660 1< eaver‘age<1T -1, P+_ >0.45 Ebeam

11
BINP, Novosibirsk



Asymmetry 2mt/e+e-/2u

g

Asymmeftry relative to generator prediction
OA (T+m- A (e+e-) 0A (p+y-)

P 2in 0015321 | [ 77 af 16.68 /10 pryp e 1| (e 520978 o egiart | | 55394
o [ Prab 0.8015 || Prob 0.08165 - C Prob osass M prob o314z | = N Prob 0.08778 [| Prob 02363
a B PO 00009446+0003111) | p0 001037 + 0.0004038 | = B PO —0.0006303%0.001025 | | PO —0.00133 + 0.0004627 | "X B po 0.0002445 + 0.002887 | | PO —0.003208 + 0.003439
w & 0.02 2 [ ndf 3426/1a Jo » 0.02 - v 0,1 0.02 T . ‘
® i B L - &8 VYL ¥/ ndf 2685/ 14 |3 P B °/ ndf 0.9234/3
g o B £ RHO2ZDI3 Prob . 0.001888 _.IN » +  RHO13 Prob 002015 | 'eu B #  RHO2013 Prob 0.8198
L5 i B o RO PO 0010040002665 ] TS} N o micon Lo -oootsesooscaoee | E Ft o RHO2018 po 0.002176 + 0.00172
B LOW5020 = 0.01F Gwisnso o 0.01 [ B0
- ] ‘ 1 C ] : 47
U — - | ! = 1 § U __ s ! S -_L I '#‘. A }l' + 14l .l'_{‘_l_i_ 0 —— :
C Tr -ﬂ :lt % --}— - 1 b _[_ i “,} i "
b= £ ~ L L
-0.011- l : —0.01F } -0.011-
-0.02- _0.02F —-0.02-
150 200 250 300 350 400 450 500 550 600 150 200 250 300 350 400 450 500 150 200 250 300 350 400
Beam Energy, MeV Beam Enerqy, MeV Beam Energy, MeV

Average at 2E=350-410 MeV

ith MCGPJ:
BA> = -1.04 £ 0.02 % i . BA>= 010014 %

. . with BaBaYaga@NLO: Nuu can be extracted
p - like behaviour -0.07£0.03 % only at lowest energies
Fixed order NNLO ~ -0.06
No trends for e+e-
BabaYaga/MCGPJ difference gives ~ 0.08%
___ Detector systematic canbe ~0.1%

. D
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=
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o Scalar production

v

Could it be: e+e- = p = oy or a;*m:?

With help of FASTERD generator

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

Mixed in p = oy instead of ¢ = (fo+o)y

in non structure model

with some rough o production parameters

 SQED + p

|6A| ~<2x10° effect only in far tails

Br (p->ay) ~ 1x10* [x2 Br(p=>mOmnOy) ]

____________________________________________ { Interference with SQED e+e- > Ty: => ~ 1x10-3
.~ | xCollinearity selection cuts 1x10-?

Total rate ~ 10° oo small o affect something

p = armt effect should be same or less:
Phys.Rev.D 76 (2007) 033001

1 I N I I TN SR T A N TN R TN T I TN NI M T S 1 1 13
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

17 December 2021 BINP, Novosibirsk



https://inspirehep.net/literature/812104
https://inspirehep.net/literature/812104
https://inspirehep.net/literature/753230

o Asymmetry with M2

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

1. 05141 1
Q2/Q2

BINP, Novosibirsk
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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(s)l?
N ! Two pion vertex gives:
But it is too naive for IOOP |M2| ~ F(s)*F((90-9)2)*F(q?)
diagrams: two cases of changes:

1) when 2 photon hard
~F2(s/4)/F(s) non IR term x10
2) 1 soft photon, one vertex go of f-peak
~F(s-2Ew)/F(s) part of IRby 1./2
Strong modification of loop integral parts

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

Thanks to Roman Lee, this calculations was done with above sQED
17 December 2021 | N e BINP, Novosibirsk
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Point lee for'mula consistent with A.B. Arbuzov et al.,
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Double FF in box diagram addition:
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https://inspirehep.net/literature/1789058
https://inspirehep.net/literature/559980
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FormFactor parametrization

v

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

17 December 2021

IF P

10

10"

614.1/90

1 [Bl 0.1764 + 0.001274
............................................. arg B 2578 + 0.01557
|l 0.03814 + 0.0002164
| argy 0.7166 + 0.01099

| %2/ ndf
' 0

| M, 755.2 + 0.2158
1T, 131.9 + 0.4825
| M, 1185 + 2.867
Ly 573.2 + 5.783
M, 1728 + 0.6993
Ly 189.5 + 1.214
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] ] ] ] i i i i i i
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Yo Virtual + soft corrections

v

1 rad)

-0.005

0

0, 44at
o
2

-0.015

-0.02

—-0.025

do/do=dc™"/dO*(1+8, ., (s,0)+d" " (s,0))

/

virt pointlike (ithout TR *74)

OVvFF cuérection
e ............................... ........................... §~8vFF---sin§g-le--BW .....

X9

ol N
400 600 800 1000 1200 1400
Vs, MeV

Red line - with sum of BW,

for comparison (black,

Enhancement of virtual correction by x5-10 factor!
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) with single BW: result stable at p-peak ‘°

ovFF correction

/
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SVEE single BW.....
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soft+virt pointlike Ei""(‘"!%g“' qu(lk tefm) \ \
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Yo Asymmetry

v

After plugging 8vFF in MCGPJ generator

Asymmetry

0.03347 /1
0.8548

¥/ ndf
i| Prob

U 025 ............. .................. .................. ............... * ........ HHG‘?D"I'S .......... .................. - ;
: : : : RHO&%D“ a : : : : | po 0.002324 + 0.003111

LDW?DQD _.I

dA relative to prediction

¥/ ndi

Y Prob
{ po

15.57 /10
01125

—-0.0002081 £ 0.0004038

A x® 4 ndi

{ Prob

31.76/14
0.004331

| po

-0.0002809 + 0.0002665

_p_o__i_in..l_i_k_e__p_i_p_n___i_n___l:_l_mc_ __________ __________________ L =

i I
: i
: i

—-0.005

* | RHO2013 |
®  RHOZ2018 :

| LOW2020 ;

—0.01

400 450 500
Beam Enerqy, MeV

_000?5||||||||| N BT BT
0 200 250 300 350 400 450 500 550 600 200 250 300
Beam Energy, MeV
at 2E=350-410 MeV

<0A>=-1035+0.022 %
« < N "%

<3A> = -0.026 + 0.022 %
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Asymmetry

After plugging 8vFF in MCGPJ generator
Asymmetry

0.018

)/N

T
B>

0.014
$0.012

0.01
0.008F
0.006F
0.004F
0.002F

T

(N

—0.002F

point Iikj

T o R 0 IS T —

e pion |n box

......... g
: : : - : : : H

200 250

17 December 2021

N
300

7350

400 450 500
Beam Enerqy, MeV

dA relative to prediction

¥/ ndi 40.84 /19

d | — e |
-'?E: 0_006 __ ...........................................................................
|::_.Im

-0.004

~0.006f

..... . FIG —0.0002585 + 0.0002228

| Prob 0.002537

T 200 250 300 350 400 450 500

at 2E=350-410 MeV

<0A>=-1035+0.022 %
« < N "%

<0A> = -0.026 + 0.022 %

Beam Enerqy, MeV
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Yo Final angle spectra

¢ ~ 0.015 %2 / ndf 141.4/188 [
' - Prob 0.8244
Still some disagreement in dN/d© 2 o.0ifAll point at 350 - 410 MeV | P ooootes2 . o.00orses
e E :
between data and prediction at level ~ 0.1%: B 005
. z .
1) Bhabha generator or Asym. in 2w kg
: Wiy off,
2) detector inefficiencies
3) NT[T[ /Nee _0-005:_
—0.01F
—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, ’rhey are conS|s‘ren‘r at ~ 0.2%
17 December 2021 i =




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
M b >""’"< effect is integrated out
in full cross-section
Interference of ISR & box vs FSR (or v.v.)

=> charge-even
M\’X M can affect integrated cross-section



Yo ISR measurements

Thevteam:

F. Campanario, G. Rodrige, Sz. Tracz (Valencia) _I_ _ _I_ _
NLO eTe™ — 7w~ the Muon|g

Initiative

H.C., J. Gluza, (Katowice)
T. Jeliiski, D. Zhuridov (left physics)

Status - finished: arXiv:1903.10197

= sQED + form factors:
FSR at NLO and pentaboxes ready and fully tested

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

FSRNLO TVP (two virtual photon)

<

H.

17 December .

F. Campanario ¢
Phys.Rev.D 100

Henryk Cjzyz

.‘.

-2 Theory

Worksop 2019

al.

[(2019) 7, 076004
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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
> -p--

H. Czyz Radiative corrections in PHOKHARA and EKHARA MC generators, 12
24
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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

Yo ISR measurements

Complete NLO: KLOE-large

Complete NLO: KLOE-small

0.003

—— ——
0,005 i vp Fgﬁﬁ%g —— | 0.002 i FVP+FSRNLO ——-
I= ; i i i t 4 ¥ i m ¥ : - T - 0.001 =| R
0 CHLELEN S - - | | l * ;
ey T . 3ls i NINYEL 11y
in e H g gg i At Vi T
Ry L 0y ! Ii}
gle Py o ]
E« 3—0.01 0,002
PR § i
—0.015 4100%.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Q2 [GeV]
0.2
Complete NLO: BaBar
t
—0.0%5 0.002
055 06 065 07 075 08 085 09 095 1 - BABAR ——
o @[Gev] . 0.001
TVP 0.2 - 1% => can be scaled up with x5-10 o T
to 1-5% correction? g ! {
Fle
éga}o.oom ll' '
KLOE-2010 with tag photon measurement g oo
—-0.0015
can be affected o< 005%% > <0.25-05%.2
—-0.0025
0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
17 December 2021 S Ea= VO [GeV]




=
@, Summary

N3mepeHHas 3apaposas acummeTpus B 21 Ha KM-3
oTnuyaetca Ha 1% (ctat. TouHocTb 0.022%) oT nNpeackasaHUa Ha ocHose sSQED

Bonee npasunbHbie yuyetr #opm Paktopa B ABYX-(POTOHHOU AUArpamme
CUNbHO YCUNUBAET ee BKNaa
(A5, (Mp.6 =1pan) = -2.3% npu ypoeHe xesiaemori TouHocTu reHepatopa 0.1-0.2%)

CylueCTBeHHbIW BKaA MOXeT 6bITb KaK B 3apSA0BO-HEUYETHYHO,
TaK U B HekoTopbIX cnyyasx (¢ ISR) B 3apaaoBO-YETHYHO YACTb paa. NOMPABKM.

Yuer aesoviHoro & B box-auarpamme xopoLo onucbIBaeT HabNHOAAaeMbIN 3PPEKT 2T

acummeTpum B aaHHbIX KM-3.

26
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backups

%
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o Generators MCGPJ/Phokhara

28
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o Generators MCGPJ/BabaYaga@NLO

_ee—uu

v

-

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

0.014

0.013

0.012

0.011 q2fq01

0.01

NO(8</2)-N1(6>7/2))/(NO+N1)

g
o

Asymmetry
g
1]
L]
!

0.009

0.58

200 300 400 500 600 LA
Beam enerqy, MeV 0.56 KTt

0.54

BabaYaga@NLO mopenupyeTt 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 s
] 7pa3.u.ene|—wm no P u3-3a pasHuuLL reHepaTopos

0.52
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mailto:BabaYaga@NLO

o Asymmetry with q2

Ebeam 350-410 MeV, MIP: E,,, <100 MeV z 04

IR S S DU P I TN U S
d7 075 08 085 09 005 1 1.05 1.

0.7 075 0.8 085 09 095 1 1053011
Q2/Q2
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