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R measurements

Two techniques: ISR vs Energy scan
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VEPP-2000: direct exclusive measurement of o (e+e- = hadrons)
Only one working these days on scanning below <2 GeV
World-best luminosity below 2 GeV (except 1 GeV - where KLOE outperfomed everybody)
BESIII, KEDR - inclusive measurement of R(s) from 2 GeV to 5 GeV 2
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VEPP-2000 e+e- collider
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Injection complex (2016-)

VEPP-2000: direct exclusive measurement of o (e+e- = hadrons)
Only one working this days on scanning 2E = 0.32-2 GeV
Unique optics, "round beams" to reach higher L

L = 0.8x10% cm2stat 2E= 2 GeV

Energy monitoring by Compton backsca‘r’rermgl/,
o,% 0.1 MeV |

Two detectors: CMD-3 and SND
started by the end of 2010
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CMD-3 and SND

1.3 T magnetic field
Tracking: o, ~ 100 ym, o, ~ 2mm
Combined EM calorimeter (LXe,CsI, BGO):

o. ~ 3-8%,Tracking in LXe calorimeter
~2mm measurement of conversion point
8 November 2022
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1 - beam pipe, 2 - tracking system,

3 - aerogel Cherenkov counter , 4 - NaI(Tl)
crystals, 5 - phototriodes, 6 - iron muon
absorber, 7-9 - muon detector

In 1996-2000 SND collected data at VEPP-2M
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Overview of CMD-3 data taking runs

CMD3 collecied Lumlnosnv as of 06. 06 2022
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The focus for near future is to collect record data set above 1 GeV .
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SM prediction for muon g-2

White Paper 2020 (e-Print: 2006.04822) HVP from:

Moo "|:""|""|"Cl\  BARARINE ®
Experimental world average (E821+E989) Emi?m ------------ .HO_' ------- i—-f-gi-y-‘?“”‘ff’" g
a, = 11659 206.1+ 4.1 x 10° rae e 2
Theoretical prediction data driven E%(féfl;focms 1 = §
a,= 11659 181.0+ 4.3 x 10° (WP20) RBO/UKQCD z o
i i ‘EJ%1D7J19 __________ r __j'{_tlas__;gm_waao _______ % __________________________ .
DHMZ19 i é
Hadronic part from measured cross-section SV'\;,TZLQ el 2 S‘)
u_o hadr'onic 693.1 + 4.0 x IO—IO] S e 5~
KLOE/BABAR _ L (@-a®)x 10"
i Eents Relative precision
T T 5060+ 19+28 0.7%
T T° 464 + 15 (mostly from omega region) 3.2%
- on° 181 +0.7 - 3.9%
Inclusive( /s>1.8-3.7 GeV) 34.0+07 +0.7 2.9%
Light-by-light 9.2 + 1.9 7
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https://inspirehep.net/literature/2060022
https://inspirehep.net/literature/1800513

nclusive R(s) at Vs > 2 GeV
4.5 . {
= 0 IS SN SO | - S0 1 M 5 111 S ot
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3.5 . L + i c +~$+*¥f++¥,;ﬁ’+;
— — eXxclusive data
2.5 PR T
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— \ ¢ CR.BALL
1.5 2y .~ MARK2 ..
— ; s MD1
1=/ \“v/ L hluTo
= CLEO
0.5 / _ MARK1 :
0 2 4 6 8 10

BESII - most detail scan of charmonium region /s, GeV

KEDR, BESIII - systematic precision 2-3% at /s < 3.7 GeV
Js= 184-3056eV 3.1-3.72GeV

QOO+AQ

RKkEDR = 2.23 £0.05 2.20 +0.03 Phys.Lett. B770 (2017) 174-181

Phys.Lett. B788 (2019) 42-51
Rpes= 2.26 £ 0.05 2.34 +0.07 Phys.Rev.Lett. 128 (2022) 6, 062004
RpQcd= 2.18 £ 0.02 2.16 £+0.01

(462%) 0TI X /L 0F/.L0FOYE = ((A29 L'€-81<ss )amsnjoul) "D

Expected in future:
BESIIT - have another 114 points (just 14 was published) at 2. < /s < 4.6 GeV

KEDR - did 2 scans of 2E=4.5 - 7 GeV (+ up @10 GeV), analysis ongoing 8
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Inclusive vs Exclusive connection

e 3 —1 ¥ Sum of exclusive channels is ~10% smaller
DY | I N N ¥ B as compared to pQCD at 2E=1.85-2 GeV
- altly bl assigned as quark-hadron duality violation systematic
i: ; / S, e All channels of e+e- = hadrons should be mesuared
15\} // A ¢ BESIl - >30 channels contribute at /s = 2 GeV
VL In past isospin relations were used,
F i for example 2K2m to (g-2)u:
05t was by isospin relations in HLMNT11
19 3.31+ 0.58 x 1010
L

1.2 14 16 18 2 22 24 26 after BaBar all modes measurements:

{s, GeV 2.41+0.11x 101 (a'l' Js<20 GeV)

All parts of e+e- = hadrons cataloguing effort is ongoing.

(%£62%) aOIX|LZ0F/L0FOVE = ((A29 L'e-81<ss )amsnjoul) "p

It will strengthen R(s) at 1-2 GeV > o5
Phys.Lett.B 804 (2020) 135380 2207.04615 [hep-ex] =
g % T 2 of oo 5 RIKETFA A ] B CMD3 (£ (13 @R e
£ osf KK e 1 } e £ [ete™ - fi(1285)atn | £z +f1(1285)‘n L
> otk S'S ol f‘”ms" — K_gK:?r:rr_%_" g 1| ]
.T + } T )T: s :17—#03 *
s o3 {h T Lo CMD3 + .
iR } € 4 4 .
) fi, d w4 LT
F g i e e g -
| A P 0-_—,—_g—j.: i 0'_-__+_1 T 9

| e : , [ = L P :
8 2 22 24 1600 1700 1800 1900 2000 ~ 1800 2000 2200 240 2600

1.6 1.
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https://inspirehep.net/literature/1770428
https://inspirehep.net/literature/2108984

CMD-3 & SND published

CMD-3@VEPP-2000 |- wow SND@VEPP-2000 |- i
-g - a . EnKmrn -g - . q;/ﬂ(-
s 10 3 S PR T e =
S f i
102k : © ol 102E e
= ¢ + TN = KeK, °
- . : Sr*t;?’:t{n'n*n'n” E rt]nﬁ n°
105 5 : « pp 105 N mnr?:ennny
= chaEEpp 1T S L T 8o tepedts z
- TR LT : Iy
15 & 1%{‘% }; % ; o ;Igé %é@ é 15 TI“'“. ul';?%_ _____ "f; ”H . i}»?,é
! I i Wf Lo TR il T il
Al 1| ll li ‘l _____ H ﬁfﬁ 1]
107 il oy 107 B LU éT'\
; i 5 Dl Ry %] r
10—2 L L P R L L1 L1 L 10*2 L L1 L L | Tu L T. | | L
1 1.2 14 1.6 1.8 2 04 06 038 1 12 14 16 18 2

/s, GeV /s, GeV
* CMD-3@VEPP-2000: e'e = n, pp, 2(mm), 3(mm), 3(mm)mO,
n, hoene, nrenee, KK, KK, KK, K Ko, K K=31, KK n
« SND@VEPP-2000: e‘e —>n, n', f1, nn, ™y, ny, hny, N, ATCTTTO,
« 7, e, Oy, wnml, KK-, KrKmo, K K 10, K*K-n

Many channels is under active analysis 10
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e+ e— —= 11+ 11—T110

8 November 2022

N NS W U o N N
. |meMP2

................. SND
_ c 8 . | ¢ BABAR

................. +_{%_ + BES3

0.76 077 ¢ .
Vs, GeV

CMD2/SND@VEPP-2M disagree at 8%

BES3/BABAR systematic ~ 1.3-1.5% at w

1912.11208 [hep-ex]/2110.00520 [hep-ex]

It should bring da, t0<0.6x101°

CMD-3 analysis is ongoing

2 F £
5 My=  £0.01:0.12MeV o - CMD3 —~
£ [,z £002+008MeV N p= |
& 103; oo-rid):  t6tdmb ! [ CMD2 :if
r / X N \
- ‘- i SND :lo
- K BESIII —

| : Ty ~—BaBar I
L ] ~
" o
L - g nb

Fo Preliminary . g B
:i o g §(H)1

g\ L ‘ L1 L1 ‘ Ll I 1 LI ‘ LI ‘ L] | ‘ - &x
0.76 0.77 0.78 0.79 0.8 0.81 ERC
E. ., GeV \%o
X
| O

2013, 2018 data, 2.6x10¢ 31 events, <

N\

~ 1+
L ~54 1/pb o
Results are systematics-limited I

o
\

Expected ~ 2-3%

3w channel was also measured as part of 2m analysis at CMD-3

in collinear events acceptance: result in backup slide

11
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https://inspirehep.net/literature/1773081
https://inspirehep.net/literature/1937349

Dynamics in 41t with CMD-3

In order to measure hadronic cross R(s) [|Vi-H;(Q))%d (s
. il 8] = —& = = * O970n+r-\ 8
section, you have to understand the [15°,VsHs, () 2d o
dynamics of the process. g E —— g(ose- > 21" 2 1) 444 #f s :1;;0 =
ngh statistics is cruciall Cso?pre”minary +’ ¢ H — () {2 :l'
: o F . .
CMD-2/SND@VEPP-2M systematic  525F b . P(TO{960) +o) s
: . Ao E ) N —-pp 3
dominated by model uncertainty ~3-5% @ 5o ‘e ——ht "
. ; ¢,
. . . = 15F- ”f'_'__'_, vy ¥ vt.,_‘ ; o
Simultaneous amplitude analysis of n: Py b . % . =
3 e’ ..,
150k mmm°n® and 250k T events. 2 #r Y 0 ! ‘ ++ by 4, k5 o4 'E)
o c o - 4 1 ‘v ? 1] 0
Many intermediate states is observed: 55 v H T P f ~
) w[l__]ﬂo[0_+] og : |‘ T - - e i
% 1 1.2 1.4 1.6 E.. (GeV) 2 o©
o 51(1200)[1 ]x[0"] i
-} p[l”ﬁ]fo/U[O'H’] g %data g p*(770) A 0°(770) S
° p?(1270)[2++] I s ol / 1000- %i {(i)
e p p_ 200 / . 4//7 \oo
o a(1320)[2FF]x _ Tl //éj % O
o hy(1170)[1F~]x° //// _ '////
/; 7 o
e 7/(1300)(0~")m . K ) ///4/4//4/ ] %/ﬁﬂ//‘ 12

05 0. 0.8

8 November 2022 m(mn ) [GeV/c?] m(v'm) [GeV/cd] m(r°n) [GeV/c?] - r?id(no*'?'@”) [GeVic?] nool



R(s)
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The 11+ 11— contribution to a“haol

Relative to CMD-2 f

5—5 ] BABAR 5—5 4 - —= CMD-2
8 —a— BESIII a :
3 CLEO18 .50.15F —— SND f
= —s— KLOE10 el C
e —— KLOE§12 = o1t SND2k A
0.05F | |1 Tt 111 % i ;
: bl of | 4; -] ]
i . ' E I . 1 b ' ||I
—0.057 “ 1“£ ~0.05 . | ‘- A .
] [ \ Y } ? _0.1f n
_0_153 —0.15;
6_3 04 05 06 07 08 0.9 11 1.2 3 04 05 06 07 08 09 1 1.1 1.2
A Vs, GeV _
Integral precision Seen 2.90 tension KLOE vs BaBar :
T ' ) = 'y Systematic Error
is limited bV SYSTZmGTICS = before CMD2 | (p-region)
;— j CMD2 CMD2: 0.6-0.8%
E SND SND:  1.5%
local inconsistencies larger = —— KLOE comb | | OE: 0.8%

. . — . —_—— BABAR 0 o
than claimed systematic errors = ; SES EQSB_AR' %Zf/"
— additional scale factor 3 CLEO CLEO:  15%

3 - 2 S:‘E’f“ SND2k : 0.8%
3 - cmMbs3 CMD3:
~360 365 370 375 _ 380 385
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i‘;, yellow band - systematic value

/s, GeV

a™™ (0.6 <\s < 0.88 GeV ), 107°

20uUaJa}}Ip
Jdvava/30A

~ (%20%) o0l X 82761 090G

(-u.u) "o
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e+e- = T1+11- @ SND

First measurement of
e‘e” = w'n- at VEPP-2000

The analysis is based on

4.7 pb?! data recorded in 2013

~ 106 ', prp , 1.3x10° ete-
(~1/10 full SND data set)

n/e separation by ML (BDT)
using information on shower profile
from 3-layers of calorimeter

AN/N
o
(3

M.N. Achasov et al, THEP 01 (2021) 113

=
w

0.2

0.1

o

=
=)

©
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o 1

_!IIII!IIII!IIII!IIII!IIII!* II:IIII!IIII:'I_

600

500 550

650

700

750 800 850 900

Systematic uncertainty on the cross section (%) s S

Source <0.6 GeV 0.6-0.9 GeV

Trigger 0.5 0.5

Selection criteria 0.6 0.6

e /T separation 0.5 0.1

Nucl. interaction 0.2 0.2

Theory 0.2 0.2

Total 0.9 0.8 15
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https://inspirehep.net/literature/1789269

e+e- = 11+11- by CMD-3

Statistical precision of cross section measurement for seasons at <1 GeV (o13+2018+2020)
a few times be’r‘rer ’rhcm any other expemmen’rs

Full statistic up to date
with p scans

RHO2013
RHO2018
LOW2020

8 November 2022
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Analysis based on L = 61.8 pb'at /s<1GeV (+23.1 pb?, 1.0- 1
34x10° r'mr-, 3.7x10°

3

py-, 44x10° ete-

events selected at /s <1 GeV

GeV)
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ki e+e- — T+7T- by CMD3

g
R : : T ke o
Very simple topology (just 2 track back to back), N R S -""‘*rl"'3 ?
but the most challenging channel = Siit st N i ] >é
due to high precision requirement. = N,
Analysis was performed trying to reach systematic : BY
~0.35-0.5% I il
N
. . : &
Crucial pieces of analysis: o
<
X e/u/m separation events separation either S
1) by momentum Momentum, MeV/c, -
X radiative corrections  2) or by energy deposition cosmic w'm" p |.| e'e-

+ 600

X precise fiducial volume

[4)]
o
o

T T

3) additional cross-check
by angle distribution

X

rgy deposition, M
8
o

0 300

4) using shower profile at >16eV

10

APW 08p=3 XT3 x ™3

- § - i 1
8 November 2022 V. E%m@no&lgggmbgﬁ, Liverpool



e/y/Tt separation

3 methods for Nr /N.. determination based on independent informations:
1) Momentum from DCH 2) Energy deposition in LXe 3) angles in DCH

¥/ ndf 67.31/73 %2/ ndi 51.46 /44 -
~ 0.06 Prob 0.6656 || Prob 0.2048 >_<1M” pomT at 350 - 410 MeV 2/ ndf 129.437 157
n'_':‘ : po —0.0009518 + 0.000386 po 0.0004287 + 0.p005493 . 800 ) {Q‘\ Prob 0.94733 _r,
0 s - 1 B RHO2013 5 - / \ Moo 3.04090:07 £ 1.8680e+04 | 3t
< <.0.04 PRt £ 700 f N/N, 10173 + 0.0013
) EE Lowz020 . g - l \ SA,  -0.0015736 + 0.0003770 3-
5 Son B R
= 3 1 g s00F f = N\_ NuN, fit/predict 0.9981 + 0.012 D
8_ N - f e+e- - \ Q.
o 2 0 a00--| S 0y
i 3 3
a 300F/ T =
_0-02 é . ___—___ \\. O-
9 [ 200F e S
" ; ::/ “‘\\\ \‘\\‘x\ —0
(H0] 0.04 L 100 . ) o
R S S T S T S T [ e S e e e e R S B S e S
_0'%0I = '300' = '350' = '400' o '450' 8.8 1 1.2 14 16 18 29 2.? )
Beam Energy, MeV e average
For sum of 350-410 MeV poin’rs %1 .008

by momentums in DCH: N /Nee = 1.0192 +- 0.00028 . gos
by energies inLXe A Nm /N.. = -0.08 +- 0.023%

©
=1.002

"Jil.l. “.1| il 1 ||ml

-
———
=——=—
=
—_——

average? rad

% | ||.I||“
fr'om theta with fr‘ee 0A: = -0.19 +- 0.12"/0 é 0005t i {'.' |I|i | "a”l |||I || IFI I |I|'|I! ull |.||||| |H ||||‘
with fixed 3A=0: = +0.22 +-0.07% 3 g0 | U R

consistency at ~ 0.2%
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Fiducial volume

Dependence on theta cut 6_ <6=e"«m-0_,

Polar angles are measured by DCH ; S
with help of charge division method. I 1110 | Sm————— Vemgea ______ T =

|2

~—

by E, RHO2013

Boutl.

[

. . 0.003F
External system with strip readout =, oo01s
. . . y 0-002__ ................... e ........................ RS SRS ¥ (IR BRI S e
is used for calibration: . : } +
X LXe Calorlime-‘-er — 0-001;_ ................... ........................ ........................ ....... %} ........ + ..... %* .....

FEBHUF

strip size 10-15 mm, o,~ 2 mm 0

x ZC multiwire chamber until 2017
strip size 6 mm, o,~ 0.7 mm

-0.001

—0.002 e ........................ ...............................................
- Different seasons £

ZC vs LXe Compaﬁbi“-ry _0-0035 E/P SCPCEIF‘GTIOI’;’IS ﬂ ...................

is used to control SYSTemGTiCS —0.004F-- R R — T R A
0>1.0 6>1.1 6>1.2 0>1.3 6>1.4 0<n/2 O>7/2

+ LXe vs DCH, DCH at inner radius IF_|? stable at <0.05% level
effects
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Charge asymmetry in e+e- -> T+Tt-

A = (Nem/.2 e>1T/2)/[\1 Relative to prediction
z 0.018— o o o *
"2 0.016 :_'_'_' ......................... — e s g 0_005: b0 _0.000294 £0.0002274
e 8 - : using;si_‘_ %A C
SRUUIST 5 *F 0.004F
. 50.012F s F 1
€ .01 *,0.002f T
0.008F of
0.006F i
0.004 B + -
0.002 -0.004 T TC
OF ~0.006f
~0.002F Y S TS DS e 300 400 500 600 700 800 900 1000 1100 1200
300400 500 600 700 800 900 1000 \1roo 1200 s, MeV
s, MeV x? { ndf 3017/ 21
. . . . o [ Prob 0.0885
Conventional sQED approach gives ~ 1% inconsistency 1008 e oo oo |
b . . . QEA N - T =
The theoretical model within GVMD was introduced, 7 0.004F 2
' . & F + >
describes well the CMD-3 data rieeetal, PhysLett.B 833 (2022) 137283,70.002F | <
] . 4 ’ J A o B ®
was confirmed by calculation in dispersive formalism of 5] (TR
M.Hoferichter et al., JHEP 08 (2022) 295 0 002: T LIl .
Average at /s = 0.7-0.82 GeV: o I T
' <0A> = -0.029 £ 0.023 % Ensure our © angle %%t '
e: <«dA> = -0.060 + 0.026 % systematic estimation 96t
2 300 400 500 600 700 300 900 1000 1100 1200
for |F_| fs. MeV
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https://inspirehep.net/literature/2072382
https://inspirehep.net/literature/2107871

Radiative corrections

Measurement of e*e- — m*m-—requires high precision calculation of radiative corrections.

Two high precision MC generators is used
MCGPJ(0.2%, e+e- u+u-,m+m-) vs BabaYaga@NLO (0.1%, e+e- py+y-)

e+e- = e+e-(y) : great consistency <0.1% in the total cross section

e+e- = p+p-(y) : It is missed mass term in FSR term in most of generators
(effect 0.4% at /s5=0.32 GeV)

e+e- = +m-(y) : only MCGPJ available with 0.2% precision
(for energy scan experiments)

Achieved precision in current analysis is sensitive

for differential cross sections predictions

e/m separation by momentum requires
do/dP+dP-spectras as initial input

Asymmetry study requires do/d6 spectras

8 November 2022 Muon Precision, Liverpool



Radiative corrections

Measurement of e*e- — w*m=—requires high precision calculation of radiative corrections.

BaBaYaga@NLO shows better agreement with the data: effect on N, /QED
1) Momentum spectras better describe data: with input do/dP*dP- spectras
gives consistent results in N /QED from MCGPT
(effect on |F_|? ~0.2% at /5=0.78 GeV, T ’lg:;‘df a51161%0
Gnd msmg 1_0 1.50/0 01_ 09 Gev when usmg P-sepqrqﬂon) :‘_,_9‘108;_ TSR A .pO | 1.012710:0015879
£1.061 |
2) Experimental asymmetry in e+e- data %:'Z;
relative to BabaYaga@NLO: B "
3A = -0.060 + 0.026 % -y
relative to MCGPJ 0.96E-
0A = -0.140 + 0.026 % 0.0aF-
BabaYaga@NLO consistent with NNLO MCMule 0.925
0A = +0.006 + 0.003 % at /s=0.76 GeV 0'8:3” bl
Is, GeV
We adopted generators usage in this way:
e+e- : BabaYaga@NLO
U+y- : BabaYaga@NLO (differential cross section)
bl ?\AAEZ'Z\} STY MCGPJ/BabaYaga@NLO difference gives systematics

Better NNLO generators are needed for higher precision



| Consistency checks

Result consistent between seasons

2/ ndf ) 2/n .
: 01p b "o1a8s | o o080 within < 0.1%
30.08f = O'OOfOSMiDg'Zg?:m 20 — SR DCH was in very different conditions:
E 0.06 T oMbe20ts ;{;Ob —0.0001377i0.0(?£;;2 . cor'r.'ela‘red noise i
0.04F CMDo 2020 o x 4 middle layers of f (HV-related) in 2013
0 02: l | e | xetc.. iy | '
& I 11 _ 1*11 { i1 l* as result it gives ~x2 difference in some
OF 1 m’{h { ‘}‘ﬁ i i il corrections
~0.02} ' - . 1 % ‘ Good check of angle/tracking related
-0.04+ I systematics
_0-06; a 1.1— %2 / ndf 61.432 /50
—0.08E gql.OSE f‘\j /l QE) E(;Ob 1_001710.;612322
- 21.06F HH
e o b o b b Lo Lo Lo - - g
%03 04 05 06 07 08 09 1 1412 jee | i L
/s, GeV 102 [ [}t Lk LTk
IF. |2 RHO2018/RH0O2013 A = -0.04 + 0.07 % . At
m - } I 4
0.98F L.l 1 #
LOW2020/RHO2013 A = -0.5 + 0.6 % 096t oo [
0.94F
0.92F
N,/QED A=+017+0.16 % Ty Tk Y R L

{s. GeV
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Coming soon

F

‘ H H H H H H H

IIIIilllIiIIIIilIIIilIlliIIIII:IIIIIEIIIII:IIII'TEI
03 04 05 06 07 08 09 1 11 12
Vs, GeV
The publication is in preparation. As soon as it will be ready, we'll announce results.

24
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Conclusion

¥ VEPP-2000 collider is only one working this days on direct scanning
below <2 GeV for measurement of exclusive o (e+e- = hadrons)
¥ Collider performance is constantly improving, with already collected ~0.67fb"!

¥ Data analysis are in progress, many result were published

¥ First pion formfactor data at VEPP-2000 was published in 2021 by SND
using ~10% of total available data set

¥ CMD-3 pion formfactor publication is under preparation,
it will be based on full data set at /s <1 GeV

25
8 November 2022 Muon Precision, Liverpool
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Bonus slide

o(ete = mn® ) within collinear events
w Prob 0.30956
.‘7>)\ . _g 2000 - {—=sND my, 782.79 £ 0.025632
E M £ 1800F-| ~ovoz > Jets 1= 71007
o1 2 o C [ 3 co Ay —0.00048082 + 0.00023768
g w” T E 10° "g’1600: T ot 21.868/9
(W] £ 1 ] 3 1400 ; E:)b ?32,5401;00???223
b = - 8 1200E L, 9.0591+ 0.18778
K = 5 - < 1497.8 + 26.255
o = 103 1000E A, -0.00084363 £ 0.0026238
s £ 0.8 E - I ndi 77.152/ 71
t é [y 8005 ELOb ?sz,eeio%i:gg:
£l — 600 Lo 8.7145 + 0.095681
N 0.6 : — C 1635 9.
@ o 3 107 400F . :% _o.00000782 3 0004143
% 0.4 g S R R - 200; : & |
3 | 0075 0.76 077 078 079 08 081 082
Sé 0-2 .................. F:DG 2 plpaa E’ Gev
Q : :
= AP I A AP AR A ; ;
= % 02034 06 08 1 12 —— cMD-2
S Momentum/E, ., + |
= SND
e'e = wnnlis background for mm analysis (0.8% at w) BES3
Number of 3 events is additional parameter in likelihood fit SABAR
Y ¢ Sl 2 g cMD-3
B(w—e'e’)B(w—mnn°) = (6.82 + 0.04 + 0.24)x10 collinears

confirm SND@VEPP-2M resul+t R T P T W g e 74 o7

Br(o— e*e¢)x Br(o— '), 10
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Inclusive vs exclusive measurements

6 : T | I I :I I |I I I T I [ I I I T l I I I I [ I I I I l E T I I l T :[ I I l I I I I l T I I I :
- § T e*e” — hadrons EJ/%S Ve, | .
S : : V3770 !. T —
4 } ,:. | U} % %
Sy | " SR
f H{dﬂm ! E
s L ¥ KEDR O BES m Crystal Ball -
- =3 exclusive data * N2 4 PLUTO .
& | L | J - l I I 22 e {‘ 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 | 1 I | | | 1 | I 1 1 | | ]
0 ( )2 — 25 3 3.5 4 45 5
/ Vs (GeV) \
Exclusive approach: Inclusive approach:
¥ measure each final state separately X select events with any hadron(s) in the
EF M, VEPb-2000, Babar, KLOE | BES. KEDR, ef
abar, etc
x gives better precision X pOSkSlblel belcause of many modes and high
track multiplicity 28
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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)I?
Two pion vertex gives:
But it is too naive for loop IM2| ~ F(s)*F((qo-q)2)*F(q?)
diagrams: two cases of changes:

1) when 2 photon hard
~F?(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 29
8 November 2022 Muon Precision, Liverpool
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TI+TT- 3OJPEKTUBHOCTL OT O yrna

-, RHO2013/RHO2018 ...  Zvtxcut

U ooa [~ 109 A ~0.35%
: . 0.9345 i v 1.0035 —=- X 0.892 : .
0ss2f WM«% 1.002F
o 1.001
0.08F 4 5 .
e R £€1m1 0.978 E } N | ] %\' 099;5 Ill
' - '0' ase et ICIenCY '|+ 0'9755 K ' LCLUY, INUcCledr 10s8s uii o:ggé
- A o O f ! N =T | E
il B039% \ il D.~06% oo
0.993t——1 1.2 13 1.6 1.8 2 22 0.072% } 1 2 14 16 1.8 2 2.2 00055 1 12 1.4 I 18 2
" dth 4 nhits
g 0.99 ';:; - ™ - '-m“:::\"-
1 ¥ 4.1 . ; I ; - E = "- "_ -
0.999 "th“f f l“ il 'r'yl’ Mllﬂ‘ ” h w :“'ll"i n.sa; : .
A | ! T + " ] ﬁl h h‘ C . +
[ Ml] J : . lq I P !\J hits (.u.!. .
0soe i I+|J;h Smearing ! 5 g
E —— A oS AL T=0Of
woarE A6 cut Y A~240/ '
r 0954 ‘
: ~0.27 g ,
286 72 14 76 1.8 2 2 2.2 0.94 1 1.2 1.4 1.6 18 2 22
,  ~02Y%
trg zscale all
n 1.005 096
15 -.'ff i'u ' ::23:5 0.04f ;__,-.- S Y '\-ﬁ“"’"r-r"m"-'r"l-.‘_.
0.998 . I—E -
. N E i 0.92- : 1 o
el Trigger \ = ET ~_ F otal efficiency
o N A~Q2% 1 .,,999?./ i sedle e “E +17/2: A~04-05% ;
E'. a_ggs; FE Mﬂmﬂ.‘ﬂhmqw-"rﬂ-'f%m\ '
. 0.997F o - r )
0.992: | 0.9952 A~0. 3 / o.atsE Y \
WS 1.2 1.3 1.6 1.8 2 2.2 0.985° 72 14 76 1.8 2 2.2 == 1.2 1.4 1.6 18 2 s

Cymma no scem Toukam 350-410 MaB 30
8 November 2022 Muon Precision, Liverpool



Asymmetry 2mt/e+e-/2

Asymmetry relative to generator pr
OA (T+m- O0A (e+e-)

ediction
0A (u+p-)

e 0.01532 /1 2 2 ¢ ndf 16.68 /10 2/ ndi 022171 ¥ 1 ndi 9343/ 8 2/ ndt 2914 /1 L 5539/4
= - Prob 08015 || Prob 0.08185 1 Prob 05383 [ | Prob 03142 | =d L Prob 0.08779 | | Prob 02363

F& =3 0 —0.0009446 + 0.003111 0 —0.01037 + 0.0004038 | =. B o - 0 46 + 0.1 0 X + 0.
.::_IE 0-02_ p _:2 — - . e |_4| % % 0 02: po —0.0006303 £ 0.001026 :i = ﬂ..OOWBG + 0;0::??} p % 0-02_ p 0.0002445 + 0.002887 :2 : nd'—rIDOOBEDB ;;};::f?
O B % RHOé013 Prob 0.001388 —.lN - ¥ AHosota Prob 6_02015 _IIN C # RHO2013 Prob 0.8198
y E I . RHo.fzma PO —0.01034 + 0.0002665 o & r A o0 0.001535 4 0.0003022 © B «  BHOZ01a po 0.002176 + 0.00172

= 0.0 I Lowsn20 ﬂ:_-lfm 0.01 n s je’m 0.01 [ L6W2020
: ‘L - n 4L
B " - I B 1
0__ S 1 0_ L e wigl | ¥ }ri | 'r_{ﬂ'_’[‘_‘ 0 i
-0.01F l %ﬁ?— .01 { -0.01F -
~0.02f 002} ~0.02f
150 200 250 300 350 400 450 500 550 600 150500 550 500 350 400 450 500 150 200 250 300 _ 350 400
Beam Enerqgy, MeV Beam Energy, MeV Beam Enerqgy, MeV
Average at 2E=350-410 MeV
with MCGPJ:
<0A>=-1.04 +0.02 % o <0A>=0.10+0.14 %
<0A>=-0.15+0.03 %
like behavi with BaBaYaga@NLO: Nup can be extracted
- [IKe benaviour y .
P -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 ~ 0.1% fe g Wl
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e 2t Rt Rt N e S K S e et e, R,

2 2 |
; 3 —5— SND a) = s :
© 10 CMD-2 ) ;;,‘1 03 I *'%’i .............. K'.'K- ..... o e e T
— CMD-3 Fit % r % * BABAR K'Ky
wtr= CMD-3 2012 I3 * SND2k K'K
e - x *
” CMD-3 2013 102 o % ___________________________ % [ S omps Kk |
£ e
:5 bﬁ***; i
10_ ......... o - U S \ ........................................................................................
PLB 760 (2016) 314 f \
10 ¥
%
- 1 . 1 AT
L tey T ¥
= 0.05 Lo 5
: ' ¢ | %é% t
_,g CI .\I i%‘}l I ¢ ;I 10—1 111 [ | [ | 111 [ | | | I | 1 11
o o B 1D t i 1 1.02 1.04 1.06 1.08 1.2 1.4 1.6 1.8 r% 4
-0.05 h|Y d s, Ge
I
il

(]
1000 1010 1020 1030 1040 1050 1060

=175 | | |
E.m. MeV

15 [ yellow band - SND systematic
green - BaBar

(50/0‘

CMD-3: KsKl at ¢ - Best systematic precision (1.8%)1'25
CMD-3: K+K- is under internal review (syst 2%) 1

7 t
The SND measurement agrees with the BABAR da’rg 5 1 J{
and has comparable or better accuracy. 05— ‘ ‘ R

1 1.25 1.5 1.75 2

Vs (GeV)
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@ —» K+K- comparison between experiments

E 0.1 :— — r T 1 T T T T T T 1 —: :_Li O~ T ~ T [Tt 1 BaBar —
o oosE | i a 4 % oospl| P o cMbomia o
=] BRE |4 8 " _
°! ) | 1 +| { ) oLms "i*]‘"!*JI RUAR +| I )
-0.05F — -0.05]— I B
o1F ‘ ! L mbese = 0.1F £
- 4# \ SND . = ]
-0.15— = CMD-3 2012 — 0.15— ]
E ‘*‘ —=— CMD-3 2013 E E E
08 020 1040 1060 1080 1100 0= — 53 7040 1060 1080 1100
° 5 EC.M.’ MeV EC.M.’ MeV
It was 5-107% discrepancy at o
Between CMD-2 (2.2% sys‘rema’ric) CMD?2 underestimated trigger inefficiency for slow K+K-
SND at VEPP-2M (7.1%)
with BaBar data (0.72%)

New CMD-3 cross-section is above CMD-2 and BaBar,

R = 0.92 4+ 0.03(2.6
but it is in consistency with isospin symmetry: ® Rsnp (2.60)

Gor+k- ® Rcpip—2 = 0.943 4 0.013(4.40)

9dok.K, VZ(m¢) -
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| ISR approach

Additional approach to measurement of the hadronic cross-sections was fully developed
over last decades: ISR (Initial State Radiation), advanced by BaBar and KLOE.

do( e'e” = hadrons +y ) = H(QZ,GV ) x do( e"e” = hadrons)

+ A A
""“a':l"a':\‘ \
o

AXR~'" A"
LA e ge gt
= )
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o
w

SaF el @b P avim

A\

-

o
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"

=
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hadrons

cross sections, nb

-
(=)

FETT T e Lt Lot taal £ feleleSetele

It
ey
L]

£

I AR R R AR AR ARR R AARR A 3
w0 H_H

Main idea: cross-section
is measured in the wide
energy range, using
events with hard photon, 1°°
emitted by initial

[ i S Lof | biid Ll ';' { .1.‘ | sl | m_.. -J i | :E. l # I
particles. 1072 S e LI L i i
2E, GeV 34
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Relative local weight of different experiments in T+1-

Nowadays the m+m- data is statistically dominated by ISR(KLOE, BaBar)

N — B
0.8 S— S—

. | — betore cMD2

0.6

L ................... — CMD2
SMND

- |— KLOE 08410
0-4 - ------------------------ _. ....................... __

| — BES

0.2 . ......... ....................

BABAR

relative local weight (per 10 MeV)

bt
1.6 1.8
Vs, GeV

I1-4I 1

Locally precision is limited by statistic
35
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50 years of hadron production at colliders

Volume 25B, number 6 PHYSICS LETTERS

2 October 1967

1 September 1967

INVESTIGATION OF THE p-MESON RESONANCE
WITH ELECTRON-POSITRON COLLIDING BEAMS

- = had
V.L. AUSLANDER, G.1 BUDKER, Ju.N. PESTOV, V. A.SIDOROV, Start of e+e adrons measurements
A.N.SKRINSKY and A.G. KHABAKHPASHEV
Institute of Nuclear Physics. Sibevian Branch of the USSR

Academy of Sciences, Novosibirsk, USSR PhySLe-‘-T 25B (1967) n06, 433_435

Received 1 September 1967

Preliminary results on the determination of the position and shape of the p-meson resonance with elec- VEPP" 2 ’ NOVOS| b ' r'Sk
tron-positron colliding beams are presented. . B
e 8L,
S 2|
. . . =———— F e+te- = p TN
‘When experiments with electron-positron col- cor 3
liding beams were planned [1, 2] investigation of ter —————— —~+ ’
the process ide = 0
= + = o of - =
e~ +et— g+ 71 I
che ===
e +et— K™ + K"t cog % 30

Detector was made from “
different layers of Spark
C ham ber's ’ 600 700 800 900 1000
E& 2E (MeV)
readouts by photo camera e
:F é} Fig. 2. Experimental values of 1}‘2 (E) approximated by
g—% the Breit-Wigner formula.

I'ig. 1. Spark chambers system:

chaind i . ment geometry and F- modulus of the form factor
1) Anticoincidence scintiilation counter

5w Toewa aloiber 20 sra Shiiel for pion pair production [1]. In the case of QED
3) "Range" spark chamber with no other forces F=1. If the particles are
4) "Shower" spark chamber produced at the angle 90° with respect to the
5) Duraluminium absorber 2 cm thick beam axis then ¢=18. Integration over the solid
8 November 2022 g [

6) Thin-plate spark chambers anele gives a=20.4 .



e+ e— = Ti+ T—

today

First hadrons production on colliders™1967: «
1972:

F.f

10

VEPP2
ACO(Early)
BCF

DM

MEA

TOF

NAOO7
OLYA

CMD

DM2

CLEO
CMD2

SND

KLOE
KLOE10(LA)
BABAR
BES
CLEO18

107"

102

Vs, GeV

New g-2 experiments and future e+e- as ILC, FCC-ee

require average precision ~0.2%

8 November 2022

Before 1985

Low statistical precision
Systematic >10%

NA7 A few points with >1-5%

1985 - VEPP-2M

with more detailed scan
OLYA systematic 4%
CMD 2%

2004 with CMD2 at VEPP-2M

was boost to systematic: 0.6%

(near same total statistic)

The uncertainty in a (had) was
improved by factor 3 as the result
of VEPP-2M measurements

New ISR method

e+e- =y + hadrons

(limited only by systematic):
KLOE: 0.8%

BaBar: 0.5%

BES: 0.9%

CLEO: 15% 37
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Future low energy e+e- machines(mumutron)

Mumutron in Novosibirsk

alorimeter —__

/Qﬁimﬂe\::to r+
a

Experimental chamber
To magnetic
spectrometer

S
%4 :
~Coor!
calorime:

8 November 2022

project is under consideration

Can be as an accelerator
technology testbench for SCTauF

1s" stage :
Observation & study of
dimuonium - py bound state
Js =212 MeV
L ~ 8x103! 1/cm?s
2™ stage with reversed beams
and dedicated detector:

Rho-factory
* 15° crossing angle
* /s =0.55-0.96 GeV
*L ~0.6-1. x 10*3 1/cm?s

38
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~Future low energy e+e- machines(super c-tau factorie
Two projects is under consideration

* e+e- collider, 2E=2 = 7 GeV

* Study of charmed hadrons and v
SCTF in * 10 1/cm?s luminosity with Crab-waist collisions

Novosibirsk « pglarized e- beam
Detector

STCF in China

C-TAU pAcCTORY

Crab Sextupole
Wigglers

Injector

F)
L]
=
o}
o
-
-1}
9_ == i c-tau factory (1ab™)
L ~ SuperB factory (10ab "
2 10 7/ CMD-3 BaBar f b
7 . 1 01 H
3 7 direct scan 2Bar factory 0120 )8
l e
0 0.5 1 1.5 2 2.5 3 39

s, GeV
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