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R(s) is one of the fundamental quantities in high energy physics:
its reflects number of quarks and colors = pQCD tests;

QCD sum rules = quark masses,quark and gluon condensates, /\ch

Dispersion relations = o.__ (M,), hyperfine muonium splitting, muon (g-2)
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o What is g-2 and how it connectto R(s)  ©@ o

The magnetic moment of the particle relates spins to its angular momentum via

the gyromagnetic ratio, g: i=g—3
2m

In Dirac theory, point-like, spin 3 particle has exactly g=2
Y*
“+

Quantum loop effects via vacuum fluctuations lead a calculable deviation:
the anomalous magnetic moment a = (g-2)/2 ~ o/2m ~ 0.00116
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g-2 Experiments

v

ae = 11 596 521.8073 (0.0028) 10719[0.24ppb] ay = 11 659 208.9(6.3) 1071°[0.54ppm]

Hanneke, Fogwell, Gabrielse, PRL 100(2008)120801 Bennet et al., PRD 73(2006)072003
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Harvard Univ. One electron quantum cyclotron

The value of ae was used to get the best determination of

fine-structure constant o. Muon (g-2) is 40,000 times more sensitive to non-

_ QED fields than electron (g-2) ~ (my/me)?, providing
R. Parker et al., Science 360 (2018) 191 more sensitive probe for New Physics.
Recent a.,., measurement using the recoil frequency of Cs-133

atoms with 0.20ppb gives 2 50 ’renswn wu’rh experlmen‘ral Ge 4
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a, =a,(QED) + a,(had) + a,(weak) + a,(BSM)
Precisions: 7 ppb HVP: 4glOppb 9ppb < 2300ppb
LbL: 220ppb -

QED: Kinoshita et al., 2012: up to 5 loops (12672 diagrams), EW: 2 loop
Hadronic: HVP: the value is based on the hadronic cross-section e+e- data; “

LBL: model-dependent calculations; mesuarement of transition |y
formfactors can help, improvement is expected from lattice

calculations had.
New g-2 experlments at FNAL, J PARC 540 — 140 ppb L 5
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The lowest-order hadronic contribution

o,

The hadronic contribution is calculated by
integrating experimental cross-section
o(e+e- = hadrons).

The diagram to be evaluated:

L
had.

pQCD not useful. Use the dispersion
relation and the optical theorem.

Starting at high energy the pQCD
estimation of o(e+e- = hadrons) is used. At
lower energies only the experimental data

can be used. W.M f ﬂ(s qz) - W.M

Weighting function ~ 1/s2, therefore ad

lower energies contribute the most: I

had. had

<26eV gives 93% of the integral,
n'n” gives the main contribution (73%) to a had ,LO _
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SM prediction for muon g-2 WEL %

A. Keshavarzi, D. Nomura, T. Teubner, Phys. Rev. D 97, 114025 (2018)
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AN Clogr(Mz) from R(s)

The electromagnetic fine structure constant o QED( )
is a running parameter with momentum transfer g2 50
due to Vacuum Polarization effects > 15;
-effective electron charge (charge screening) L
a(s): OL(O) 1.05f—
1—Aaf(s)’ &
a(0)s 7 R (s") :
A — ' 095
R L T I

-15 -10 -5 o] 5 10 15

s,
The a__ (9%) at mass of Z is usedlin pr'edlc’rlons y . s Bl .
R :ﬁ 0.032 = g g G.
Of eleCTPOWZGk mOdel. 33: 0-031f g g 68%, 95%, 99% CL fit contours incl. Act,( E
It is the least known EW parameter like Vﬁa/ e
36, /61~0.9x10°%, 3M /M ~2.4x10° L
0.028 EALES S o bend tor nd0)_
o (M) = 276.11% 111 x 10* ooarE = .
For future ILC, CLIC, FCC-ee it should be known ** B —— g ot necnonnay sons
with ~ 0.5-0.3 x 10 5 ) B 5 - MH[GeC;O
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Current PDG o_world average (NNLO)

Particle Data Group '18
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April 2016 . )
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= QCD ay4(M,) =0.1181 £0.0011 M o | B | AT
1 1 I ALEPH (jets&shapes) ; —e— $
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Q [GeV] JA.DE(i&sl . :_ . : | r_:) .
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unweighted x? average:  &s(M,)=0.1181 = 0.0011 (+0.9%)
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Sum rules

From analyticity and using Cauchy's theorem

1 50 1
12725, fﬂ dsw(s/so)R(s) = ~ Omisg jg dzw(s/sp)Il(2)
|z|=s0

Integrated R(s) with different weights (pinched at s,where OPE is under question, w(y)~(1-y) )

T = v + hadrons e+e- = hadrons
.:20:
18F

- ALEPH
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F 4 — Perturbative QCD (massless)

-~ Parton model prediction 16;
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s (GeV?) Ge

t = v + hadrons limited until = 1.77 GeV (V+A the QCD asymptotic behaviour is reached faster )
e+e- —> hadrons can be extended to upper s, limits

M.Davier et al., arXiv:1312.1501 D.Boito et al.  arXiv:1805.08176

a (m?) = 0332+ 0.005,,, + 0.011,,,, a,(m?) = 0.301+0.017,,, + 0.007,,,,

(+ 0.006 DV higher order + 0.009 FOPT vs CIPT) (+ 0.005 DV + 0.003 higher orders + 0.003 FOPT vs CIPT)
a,(m?,) = 0.1199 + 0.0015 (+1.3%) a,(m2,) = 0.1162 + 0.0025 (+2.1%)

e+e-: Limited by data, lefer'ence be‘rween FO and CIPT ~3 times smaller than in tau decays 10
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Current PDG o_world average (NNLO)

April 2016

v T decays (N3LO)
a DIS jets (NLO)
0 Heavy Quarkonia (NLO)

o e'e jets & shapes (res. NNLO)
® e.w. precision fits (N3LO)

v pp —> jets (NLO)

v pp —=> It (NNLO)

a.(Q%

0.3

0.2 +

= QCD ay(M,) =0.1181 +£0.0011

1 10 Q [GeV] 100 1000
Tau decays to hadrons give the best

non-lattice o, estimation

In future jump in precision (<0.2%) can be®"

obtained from W,Z decays with huge

statistic (x10%- 105 LEP) a’r FCC-ee
21 August 2019 -
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Inclusive vs exclusive measurements
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Exclusive approach: Inclusive approach: :
¥ measure each final state separately X select events with any hadron(s) in the
and calculate the sum final state

VEPP-2M, VEPP-2000, Babar, KLOE BES, KEDR, etc :

X gives betfter precision X possible because of many modes and high

track multiplicity 12
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R measurements
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Exclusive“approach Js (GeV) Inclu5| e approach

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)

BESIIT, KEDR - dlr'esT scan fr'om 2 GeV to 5 GeV 13
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o ISR approach

v

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

. E i B | i, | ey ] -;- { .1.‘ | sl | ~ :, | :E- . |
particles. 107 b5 1.5 5 ¥ n3 < 4.5
2E, Gev 14
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KLOE ISR+ VP
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KLOE experiment Measurement with ISR f 4 e e "
(2000 - 2006,2014 - 2018) e+e- —> T+T-Y a0 a 5 e KLOEI0
blgges-l- Drnlf-l- Chambern ever bu”-‘- (@4”—\) JHEP 1803 (2018) 173 353_ B R ¥ TR S ¥ % & KLOEI2
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VEPP-4M Collider Com
— AN
VEPP-4M S
%
SR ¥ =
: VEPP-3
i 180
- ok 11 Girocon
—— 2. LINAC
B 3. Convertor
=z 4. Synchrotron
& WI (350 MeV)
2 % From 2004 - KEDR experiment
i Low luminosity,but high precision
2E=2-+:11 3B Detector KEDR measurement of the beam energy
J/y dm/m ~ 2e-¢ (only 6 particles known better)
L=2x10"*30 cm-2c-1 Best measurement of inclusive R(s), 2E<3.7 GeV

L= 8x10™31 cm-2c-1 with ~2% systematic precision
Few more years to do scan above charm region
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o VEPP-2000 e+e- collider (2E<2 GeV) GRS

to VEPP-4M & c-T-factory G 250 m (2010_2013 12016_)
Ses— *‘kd’\\ beamline

Storage Ring T

e+/e- source  migis [ —

Bldg.4

¥ New positron source from 2016
(no luminosity limitation due to lack of e+)
Data taking was restarted by the end of 2016

before after upgrade
e + /sec 2x10° 3x108
e - /sec 10° ilfor et e
BEP E max , MaB 825 1000 booster
1000 MeV @

Maximum c.m. energy is 2 GeV, project luminosity is L = 103% cm?slat 2E= 2 GeV
Unique optics, "round beams”, allows to reach higher luminosity
Exper'lmen‘rs with Two detectors, CMD-3 and SND, started by the end of 2010
21 August 2019 ’ ——
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CMD-3 and SND

0 20 40 60 80 100 cm

1.3 T magnetic field 1 - beam pipe, 2 - tracking system,
Tracking: o, ~ 100 ym, o, ~ 2mm 3 - aerogel Cherenkov counter , 4 - NaI(Tl)
Re O«

crystals, 5 - phototriodes, 6 - iron muon
Combined EM calorimeter (LXe,CsI, BGO): abior'ber' 7_9p_ mue oo

0. ~ 3-8%,Tracking in LXe calorimeter In 1996-2000 SND collected data at VEPP-2M 1
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: Physics at VEPP-2000

We are doing not only precise measurement of total R(s) = hadron production cross-
section at low energies (by sum of exclusive channels).

X study of production dynamics, ChPT
But also we do: X properties of light vector mesons, their decays,
X nucleon formfactors at threshold,
X two photon physics,
X search of exotics,
X and so on...

Properties of Ii%ht vector mesons in the PDG mostly comes from Novosibirsk measurements
L\!i\‘Meson parameters in PDG 2011 from CMD2 and SND “@ b.‘_' Rare decays
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Overview of CMD-3 data taking runs
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Luminosity
- 10%2 g : : CMD3 collected Lumlnosny as of 01 0? 2019
@ = CMD 3 data, average per run(m% bést) So\e D e -"-; C _ : : : ; :
- F e S Lo | =
E poaomas e PR - " 20112013 T
é\ - . 201 2019 Be?}-‘-;\;-‘_?ﬁ?". P .. - - ._a = g E 2017 2019 —————— BaBar effeecllve Lummosﬂy
w i : -~ i : : Do g ; — ; i 0.35= e q<2Arad, |. BaBar=470fb"'
o 1031 OSSO SR B LA IS S e e S e . '.. b - :
£ S T e S et a et T s
£ N N L . e “ B 10
= B .« ° o e = S
g - = | | & F
S 100k e -23112013 _________________________ no [
) S ; « 2017 w
a S B . N 102 g |
11 B == <] =
- - vy TS H P —
| ® 2 2 QD -
FLS =8 S,
1020 bt v oo S S e S o S 1 0 Laay ¥ | | |
500 500 400 500 600 700 600 900 1000 400 600 800 1000 1200 1400 1600 1800 2000
Beam Energy, MeV 2E, MeV
Before VEPP-2000 upgrade (before 2013) Collected since 12.2010
The luminosity at high energy was limited by L ~ 250 pb~ per detector
a deficit of positrons and limited energy of the booster 2011-2013 seasons:

17.8 pb?  <16GeV

After upgrade
42.8 pb™ >1. GeV

2017: big improvement in luminosity at high

energy, still way o go

2018: "Beamshaking” technique was introduced, which
suppress beam instabilities (x4 Lum)

21 August 2019

2017-2019 seasons:
454 pb* <1GeV

1418 pb* > 1. GeV x
- 5 HADRON?2019, Guilin, China




CMD-3 & SND published

¥ MU * My
CMD-3 L e SND @ VEPP-2000 K
t e et T]Tc T
Lok TR s
610 % E v KK+ bh B o o Q+Ki :
- ﬁ o KSK- 10E © s KoK °
2 i ‘o on = g m, nnba[t}r
10 g : T - & “é;?;;’ ifi L AN
a § 33T B ; B = ,v!ffi } * UJS'C—)ICTC'Y
; : T ol T b ety i i =
© TTTTTTR SR RN #**#*Tﬁ ERTT “ “ 1 ! TR’
10; . . ppbar 1E yrt fjlél %?#% t t : M r!iﬂ}h‘f
— 53 ¥ 5 HF %#*%.L : .. TR YW Ywtrvy E I ()0 ¥
N E it di - IH F b 45 :
L A ii{} p N ‘}’ l % Bt
1k fl REAMA L Y i i ;@é ;
- f t H' & TR S EEia %H’ %
- ‘}e[E q ;{)5% ];' ll+% 10—1_ [ l JI’%‘]E%%%I
at i + ! F ] ; %%F
1 1 = x B ‘ T
& L ' ! *\
72 _I 1 1 1 1 Il 1 1 1 Il 1 %I 1 1 1 1 1 1 1 —2 1 L |‘ L 1 1 ‘ ‘ |T 1 1 1 1
L 1 12000.4 - 1.5l 1.8 2 10T 1.2 1.4 1.6 1.8 2

/s, GeV Vs, GeV
* CMD-3@VEPP-2000: ee = n, pp, 2(mm), 3(mm), 3(mm)mo,
nme, nenen?, nreee, KK, KK, KK, KKon
* SND@VEPP-2000: e‘e —>n, n', f1, nn, ny, Moy, w10, WP, WNTO,
nme, nrne, KK, KK 1, K'K'n | SND talk at Tuesday by

Many channels is under active analysis | -<ardepoltsey .
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21 August 2019


mailto:CMD-3@VEPP-2000
https://indico.ihep.ac.cn/event/9119/session/6/contribution/66
https://indico.ihep.ac.cn/event/9119/session/6/contribution/66

+ty- —> 1T+1T'

s
Tt
e

R
Pttt

e
2 b

T

%
%
e

i

ke

o

i)

i

s
)
e

oy

£
<

e
e

s
L

!
o

£
et

<

i

it
o

el
;

-
i

o
ol

%
4
L
o
4
: L
.0

K
s
o
"
ey

5
Tty
-
et
Trtes

5
R
R
0..

i

i

10

s, GeV

tribution to R(s) at /s <1 GeV

Ives main con

G



o e+ e— — T+ 11— today

d S E o
’ﬂ*-u}.ﬁq?ﬁ, :\;ﬁ

Gl B, UY
L 04 "

First hadrons production on colliders™1967: x VEPP2
1972: « ACO(Early)
BCF

DM

MEA

TOF

NAO0O7
OLYA

CMD

DM2

CLEO
CMD2

SND

KLOE
KLOE10(LA)
BABAR
BES
CLEO18

10—1 § | | : T b0

102

Vs, GeV

New g-2 experiments and future e+e- as ILC, FCC-ee
require average precision ~0.2%

21 August 2019

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%

SRGIEO: 15 % 29
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{\ Comparison of e+ e- — 11+ 11— cross-section =

Relative o CMD-2 fit, yellow band - systematic value Points, red band:

only statistical error

T 0.2¢ - 0.2¢
= - - CMD-2 Lg = BABAR
w0151 — SND «*0.15¢
= 0.1F 1 * £ oAF
0.05; '%' JI‘ ]
0: Ti; |4 - L [ {llen
- T B |
—0.05; | % 1{ ~0.05 #.
—0.1F " —0.1F I
~0.15F ~0.15F
e D A S e TS oy o TR TR
(3. CoV ~— KLOE10
50.15F -
= 01: —— KLOE12
In integral, there is reasonable i |
c . 0.05 ; SRR
agreement between existing data sets F N T B
But there are local inconsistencies . - T L1 T = S
. . — - [ L | i T
larger than claimed systematic errors ) |
— additional scale factor for error of ~ _ _F
integral value % N N B IS IR B
3 0.5 0.6 0.7 0.8 0.9 - é6v1
S,

e
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CMD2 Iltrz-'I

IFf/|F

The 11+ 11— contribution to auhad

TTTTTTTT
i

—— KLOE10

Own unofficial calculation

—— KLOE12

1l R

J] \

before CMD2

CMD2

BABAR

[JREEENENENERN
P

'4

In integral precision

0.4i' 0.6

8 85 9
a™™ (1.04 <Vs < 1.38 GeV ), 107"°

1.4
/s,GeV s limited by systematics

before CMD2

CMD2

SND

KLOE 10

BABAR

CLEO

before CMD2

.. I

en 2.90 tensio

~a6 47 48 49 50 51 52 53 54
a™™ (0.39 <Vs < 0.52 GeV ), 107"°

21 August 2019

Systematic
Uncertainties
(p-region)
CMD2: 0.6-0.8%
SND: 15%
KLOE: 0.8%
BABAR :0.5%
BES: 0.9%

0L =S BiGe

395 CLEO:15% o

V), 107
| HADRON2019, Guilin, China



{\ e+e- = 11+11- by CMD-3 WESs

>

Very simple, but the most challenging channel due to high precision requirement.

Plans to reduce systematic error from 0.6-0.8% (by CMD2) -> ~0.4-0.5% (CMD-3)

Crucial pieces of analysis: Simple event signature

X e/p/m separation events separation either by with 2 back-to-back
X precise fiducial volume omentum or by energy deposition charged particles

X radiative corrections
Momentums works better at low ehergy < 0.8 GeV

Many systematic studies | Energy deposition > 0.6 GeV

rely on high statistics

P+ xP-, E_ =250 Me E. =460 MeV
t"“280_ 5 _beﬂf?- g | i N peam -.'_:ﬁ-afu -
S R P T F : I -ra
g | 2 2 0 e I
260 o e el e . : .y 7
3 - - 1 800y e —
H
E 2407 sl R ORI . 107
O YN = 3 — | +g0- ]
B ) - 7 N | B
2207 Jp = TR Lo AT R u “ ]
T ity L . Come - i d .-
F T : - |08 moi Tphe w0
200_”'..'-.”.-::,_,!:.#_,.. y - e ..'.-._ p— + - - N .':_' sl o e
= . !‘\-I-=-- . . = £ “ Tt "- =k cy i .-_.':' :10
- e = ] .E:-'-\.l| . _:: ) -
180 i s el o e el e
| = - e e o L D [
L EH e b mak a2 . (T A ASCMMAL, T 100 e PRI b T e
T Dy e cosmic
160 “rul S E :'. o e " :F-I.E-
T peifees =t FLEREL - s
(| 1= 1 S oyl P - i 1 1
160 180 200 220 240 260 280

400 500 28
Energy deposition, MeV, +

=~ HADRONZ2019, Guilin, China

Momentum, MeV/c, +
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F“@\ e+e- = TI+T1T- by CMD 3 W

Statistical precision of cross section 0 >0E  Fr result after
meaSur‘emenT for‘ 2013+2018 daTG :.g 45 ATCMDZITWGS ............. IF“IZ ............. ............... ..... e venfsepar‘aﬁon
i : o -

a feW times better than any other exper.lmen.l.s @ Ty | ot St oS ot o o = w. .|.1'.h.ou1'..@dd.|.1q.onal
3 oof S a5F possiblefomake ¥ B corrections
EME o = = separation by momenTum = g e/p/m
E’E ! _iig: E 30_ onl ______ <®5266V ........................ .......................... : .................... B S epamhon

e BES = - 1L T B
_g — E 25 S RS N S— oo l ________________________ .|usm9 eherdy
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0.02f = : : , |
| 10F- Momentum
0.01 -
L EEEEEEELL (5] SR AR——
L Y : » :'-'-I'-!--I T T e
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Rt

Systematic e+e- = m+1- by CMD-3 AL Ok

Our goals are 1o reach systematic level ~0.4-0.5%:

x¥ Radiative corrections

X e/u/m separation
can be checked and combined from different methods

¥ Fiducial volume
controlled independently by LXe and ZC subsystems,
angular distribution

* Beam Energy
measured by method of Compton back scattering
of the laser photons(o < 50 keV)

x Electron bremsstrahlung loss
* Pion specific correction
decay, nuclear interaction taken from data

status

with current MC generators
0.2% - integral cross-section
0.0-0.4% - from P spectra
(we need theory help, NNLO generators)
~0.6 - 0.2 (at p ) - 1.0(at 0.9 GeV) % by momentum
~ 1 % by energy - still work in progress...
0.2%

0.1%

0.05%
~ 0.1 % nuclear interaction
0.6-0.3% pion decay

at p-peak by P

: 0.6%

at few lowest points : 0.9%

Many systematic studies rely on high statistics

For some sources of systematics there is clear way how to bring it down 30
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e+e- = T1+11- @ SND

slides from V.Druzhinin @ EPS HEP 2019

Systematic uncertainty on the cross section (%)

SN HNNS AR RASRERRARS MRS MRS ARARE RS
" sw AN Sows  <06Gev 06-09Gev
. p;reliméinaryé | : 5 | 4 Trigger 0.5 0.5
mo? _f Selection criteria 0.6 0.6
f f e /T separation 0.5 0.1
GDD; ; Nucl. interaction 0.2 0.2
1 Theory 0.2 0.2
e T Total 0.9 0.8
500 550 500 550 700 750 a0o 850 900

The events separation based on the machine learning approach (BHT)

using information on shower profile from 3-layers of calorimeter

SND@ VEPP- | SND @ VEPP-
2000 2M

M o MeV
Fp, MeV
B X 10°

Borw %
21 August 2019

775.4x0.5£0.4
145.7+0.7£1.0
4.8910.2+0.4
1.77£0.08x0.02

775.6x0.4%£0.5
146.1+0.8%1.5
4.88+0.2+0.6
1.66x0.08+0.05

775.3x0.3
147.8+0.9
4.72+0.5

1.53+0.06

recorded in 2013,

~1/10 full SND data set.

The analysis is based
on 4.7 pb' data

31
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P’&g PR e+re-anﬂm-csr\ta BT ERTI, .. d

slides fr‘om V Dr‘uzhmm @ EPS HEP 2019

" VEPP2M/(SND flt)

—=— SND VEPP2M

0.53 < +/s < 0.88 GeV

T ) < 10
SND & VEPP-2000 411.8+1.0+3.7

SND & VEPP-2M 4089+1.3+5.3
BABAR 4149+03+2.1

| KLOE 2010
| —— KLOE 2008
N R S R B S SR S
ERO 02 BEC ."'CI)D 750 =] =] a0c 32
Ve MaV
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o

First time measurements RN

e'e = 3(mm)n® @ CMD-3 e'e > mnmon @ CMD-3,SND  e‘e- = wnm° (7y mode) @ sSND

fcl 03[ Phys.Lett. B792 (2019) 419-423 E 7E z::ztkee*: 527931222%1()7; 28139?8 . CMD3 nrra® 'E 45 Phys. Rev. D 94,032010 (2016)
"So 25:_ o‘; 6F I * SND2k nr*mrl | -_83'55 -
i t kg | - SR R RRAL
e il O ! !
L o5 2 (- )w ‘ s 4 ! | 0 T [ ek
E l E 1 # 111 I 1 5:
o1 4+ % { ek iy y:
C I - ¥ ! Fthul 1t ]
+ 1 AL i/ bt
oE | ' ‘_‘P—l ‘ ‘ ‘ N TN R T R N e 0-55-1-.;.1..-1-..Ii-.-l-'l'..'.l'.l}*. :H
1600 1700 1800 1900 2000 2100 B R S TS TR AR I N TR 95 1.6 1.7 1.8 1.9 2
Ecm. MeV {s, GeV 2E, MeV
X The dominant mechanisms X The intermediate states are wn, X The dominant mechanism is
are 4mn, 4w ®n, a,p and structureless mmm° wa,(980)
X The knownibesorchmdan X The known before wn and ¢n X Before was partially accounted
contributions explain about ~50% by “isospin relation”:
of the cross section below 1.8 GeV. o 2m)=a(h2r2m)
X Above 1.8 GeV the dominant
reaction mechanism is a,p
The cross section is Not accounted part before The cross section is
about 0.25 nb ~1% of R(s) at 2 GeV is about ~ 3-5% of R(s) about 2.5 nb ~ 5% of R(s) 33
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Dynamics in 41t

N

Production of e+e- > ' 2n? , 2(n*n)
can be via many infermediate states:

Detail amplitude analysis was performed

w[1="]7°[0~F] = I :11;
al(1200)[1f]x[0"] £ i o
oll="1h/ofor+]  © 15 p o

(] L

5 E

o n

o phh(1270)[271] :

° pp” 10F

o ap(1320)[2FF]w [

o hi(1170)[1F]x° 5;' § b i

/ —+ - $ .
RS OF2 226 o g sas sqa supit e B2 7 &FE7
1 1.2 1.4 1.6 1.8 2
/s (GeV)
34
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o

Multihadrons production at NN

oY, W

We did detail scan of NN threshold region

Seen many dip structures in multihadron production Phys.Lett. B794 (2019) 64
eF 0 T 2 _ =T
S ; g | ete > a
_ i pp )
El ek : : ' y
4 a— ee ,,,,,,,,,,, K g F T ,T-| 5_ o A
¥ B H : [ @ - :
%r ' ‘ * - J:g), = 0.2f ' 4
‘o 35_ R o B 0 0: 4 : g// - o
K : 1 1. 18757 188 85
NS PNl : Tt L p e e
- k: M O S — T—
L I R i I i
S R T o 13'::16“?01 1?76“ ;188? .18;90. %9‘00l | i
1500 1600 1700 1800 19 2000 0 * N S . ‘ . ‘ ‘
E..n, MeV 1850 1900 1950 E2000M b
Qo [ : i c.m.» e
= = R N Can be described via optical nucleon-antinucleon potentials
s eTe = 3(mm) i § Sie e
PR 3 *1 (most advanced "Milstein-Salnikov" parametrization)
© - : p ;s
S Some questions still opened, for example:
3 ‘ 9
*°F | Why no structure in e+e- = 2(m+m-),
0.4 : .
IS R e KK2m effect is stronger than expected
et b o e ideg i, from pp anihilation
1500 1600 2000 35
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https://inspirehep.net/record/1684636

21 August 2019

Inclusive R(s) at Vs > 2 GeV

e beed e R L [ e P A T e e B e

e {5 ....... {} ....... T %T ......... I ‘}
° BES PP 1 [ PPRRs| [TTTTP PR
KEDR | |
CR.BALL - s S [ ——
MARK2
D e e
PLUTO .. S I [
CLEO
VARK] e .
| L
8 10
BESII - most detail scan of charmonium region (s, GeV
KEDR - best systematic precision(up to 2%) at /s < 3.7 GeV
Js= 184-3056eV 3.08-372GeV
Rkepr=2.23£0.05 2.204 +0.030 Phys.Lett. B770 (2017) 174-181
consistent with RoQcD= 2.18 + 0.02 2.16 +0.01 PhysLett. B768 (201230200

Expected in future:
BESTIIT - already did R(s)-scan during 2012- 2015 years at 2. < /s < 4.6 GeV (125 points, 1.3 fb?)

KEDR - did 2 scans of 2E=4.5 -7 GeV (plans to collec’r more & few points @10 GeV) 36
P —— . —3 " HADRON2019, Guilin, China




uture low energy e+e- machines(super c-tau factories)”
Two projects is under consideration
* e+e- collider, 2E=2 =+ 7 GeV
* Study of charmed hadrons and 1
SCTF in * 10 1/cm?s luminosity with Crab-waist collisions

Novosibirsk « pglarized e- beam
Detector

STCF in China

C-TAU pAcCTORY

Detector

Crab Sextupole
Wigglers

Injector

g
>
9_ — = i c-tau factory (1ab™)
"a 1oL CMD-3/ ot o 01203
7 direct scan
— see talk after
1! | —] o .
on future facilities
L1 | by Prof. S.Eidelman -

21 August 2019 HADRON2019, Guilin, China


https://indico.ihep.ac.cn/event/9119/session/2/contribution/200
https://indico.ihep.ac.cn/event/9119/session/2/contribution/200

Future low energy e+e- machines(mumutron) ©& ©

project is under consideration

Mumutron in Novosibirsk
Can be as an accelerator

#BlT technology testbench for SCTauF

1°" stage :
Observation & study of
dimuonium - py bound state
; Js =212 MeV
e L ~ 8x103! 1/cmas
”’clmﬁa 2" stage with reversed beams
and dedicated detector:

ale 1ainQ

Quter arc

. Rho-factory
7 "®  *15°crossing angle
...... g B, s o [s=0.55-0.96 GeV
* L ~0.6-1. x 103 1/cm?s

38
" HADRONZ2019, Guilin, China
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X Precise low-energy e‘e- hadronic cross section data is used in many applications
of accurate SM predictions such as a9V a . (Mz), ...

x VEPP-2000 is only one working this days on direct scanning below <2 GeV for
measurement of exclusive o (e+e- = hadrons)

¥ The VEPP-2000 results will help to reduce error of the hadronic contribution
to (9-2),, etc and it is important independent cross-check of ISR data, future
Lattice, space-like measurements

¥ Several previously unmeasured processes contributed to the total hadronic
cross section (ee = nmm O, 3(mm)n?,wnm°) below 2 GeV have been studied.

¥ We have goal to collect O(1) 1/fb in 5 years,

¥ New precise results are expected from CMD-3, SND, KEDR, BESIII
¥ Belle2 and possible SuperC-Tau factories can provide even more data with ISR

39
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backups
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%, measured cross sections by CMD-3 ©

v Published (or submitted): Under active analysis:
e+e- = pp, Phys Lett. B759 (2016) 634-640 5+ - 91T+1T',
ete . —=n Phys.Lett. B740 (2015) 273-277
¢ e'e >y,

g il Phys.Lett. B768 (2017) 345-350
2(mm), 3(mrm), Phys Lett. B723 (2013) 82-89 ny TIOV
L +.—- Phys.Lett. B773 (2017) 150-158 ' ’

wn, NTUTT T, AT T arXiv:1907.08002, subm. JHEP

3(1T+1T-)T[O, Phys.Lett. B792 (2019) 419-423 7T+TT-TTO7TO, 2(17+7T-),
KK, KKy, oryeLer 6779 otey art | 2(TTO)TO, 2(mwr )
KK mr PhysLett. 8756 (2016) 153-160 KK, KS KL - at higher energies
K*K'n arXiv:1906.08006, subm. PLB KK ™10, KSKLWO,KSKLHO,
¥ Near finished result: P oZ St
ete- — DO* ' '
K'Kw, wrm Analysis of mostly each channel takes full person-years:

hlgher' sys’rema’rlc r'equmemen'r ~> more effects = more years
. : = HADRON2019, Guilin, China
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N WEN

s“b SND@VEPP-2000 summary of results, (journal articles)

Published:
1.e+e- - 'y, Ph.Rev.D, (2013,2016)

. ete- » K'K, Phys.Rev.D,(2016) e o
_e+e-->wnm®,  Phys.Rev.D,(2016) :23 Z:Z % Té’:(’;j“ ’
10. e+e- - n%y, Phys.Rev.D,(2018) ; o
11. e+e- » KK °, Phys.Rev.D(2018) 4. ete- > o,
12. e+e- » nK*K:, Phys.Atom.Nucl.(2018) PR

13. ete- » na’n*w, Phys.Rev.D(2019)
14. e+e- - f1(1285), submitted(2019)

2. et+e- - nn, Phys.Rev.D,(2014)

3. ete- - 1y, Phys.Rev.D,(2014)

4. ete- -1, Phys.Rev.D,(2015)

5. ete- »nu'w, Phys.Rev.D,(2015,2018)

6. ete- - a*an’, JETP,(2015) In analysis:

/. ete- -, Phys.Rev. D,(2018) i e
8

9
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Hadron production in QCD W0

o(e” e = hadrons)

——————=R(Q)=Ry,(Q)(1+8, (Q)), R(Q)=12xITI(Q)
ole"e 2u"u’)

Using Operator Product Expansion (OPE)

pQCD - known until 5-loop non pertubative
T (cBQ) | Vol =
6QCD (Q) % Z o S T y 7 s - T . OSEES ADV (Q)
n=1 Q Q
Quark, gluon Duality Violations factor

8 ot (quarks <> hadrons )

How well non-perturbative part can be controlled?
Its contribution decreases with higher energies...

43
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a, from R(S)

45| f
= ‘H& %
3'5; By P ;‘I“% T }L H%%I%}M; K ;%ff
3E
25E— || . BES
"E | « KEDR  R(s) systematic
2 i + CR.BALL '
= | wark2  MD1  ~ 4%
S i 2 MD1
| -0 CLEQ ~1.8%
= / N CLEO )
0.5E / MARK1
‘oran 6 8 10
KEDR: a (m2) = 0.125 £ 0.015 (+12.%) ar'Xiv:1805.0623%§’ SV,
BESIT+MD1: o (m2) = 0.124 + 0.014 (+11.%) arXivihep-ph/0109084
CLEO: a (m?) = 0.110 £ 0.017 (15.%) arXiv:0707.2589
= 0.01: % 3
g 0008 - . 4th order contribution
3R(s) from pQCD: ~ %% i R
0.002%— so/o(M

21 August 2019

To extract o directly from R(s) with competitive precision da/a_(m,) ~ 1%:
R order calcula‘rlon should be done and R(s) measured with ~0.1-0.2%

o

3

6

7

8

9 s, gevl10
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Rt

e+e- = 3(m+1-)t0 @ CMD- 3

& if; \

First time measurement of total cross-section
41n,4mtw dominated

n

.
il'l'
&
&
nN
£}
-+
=

P
=
=
+
p=|
—
&

-
=k - -

. o
_IIII|IIII|IIII|IIII|IIII|IIII|I

2000 2100
Ecm, MeV

1600 1700 1800 1900

~1% of R(s) at 2 GeV
Phys.Lett. B792 (2019) 419-423

21 August 2019

ole'e— 2(x'n’)n), nb

200F 3 invariant
b3 ﬁﬂ A mass
160
140F I
wfb 4F Y
100 i }h
sof- | %
60F K
401 ;*
20F 3% N'ii'
200-4 1 |B|0| 1 |8(|)0| 1 |10|00| | i
i m(m*a ), MeV/c?
o 2(T+-)n
Ly
osF BaBar
os- CMD-3 s
0.4f ++
0.2 +
Mo
% e o Lo by by oy by |
1600 1700 1800 1900 2000 2100
Ecm.s
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o e'e = TN @ CMD-3, SND = ¢

First measurement of total e‘e- = mmn°n cross section.

Systematic error is 11% for CMD-3, 7-11% for SND .
Phys.Lett. B773 (2017) 150-158, Phys Rev. D 99 112004 (2019)

—— ....................... ......... . CMD3 nrr®

= lemal i

400 1600 1800 ®2000

o(e’e’— a,(980)p(770)), nb

v

o(e’e®*> mu'nn?), nb

e o TR T Ny o MY
. _— I O 1 H* B o, Not accounted before in R(s)
| 5 | | (3 5% contribution)

= ; """" ; H.y** """" He{h*m%? """""""" 4 Nonw,g,
N (20'm) H ®

|

C a N W A O O N
£

oL
N ki

W
[

% The intermediate states are wn, ¢n, a,p and structureless mmm°

¥ The known before wn and ¢n contributions explain
about ~60% of the cross section below 1.8 GeV. \
x Above 1.8 GeV the dominant reaction mechanism is q,p i

! | L 1 1 | 1 !
1600 1800 2000
MeV 46
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o e*e = wnm® @ SND W%

Phys. Rev. D 94,032010 (2016)

7 photon final state Total cross section
+- OO0 +o_ 0 "

ee = omony = 7y 2 4 e‘e- = wnm a, dominance
: -53_52_ ............................................................................................................................................................... T Wﬁgﬁ ‘ E
-8 aFE e SND2komn® | oy by Loof .. phase .
3 = BABAR nrtn -1 - :_ R
— §2-5:_ ................................................................................................................................................ 12:* —
(4] - | T as .
] 2__ .................................................................................................. T Lol L - ]
st I i
B 1§_ ...................................................................................................................................................... * 41— A
osb L Jie t i by T i
METLEANEAENN " T o wa

mymass Qg —le I 1.9 2 °n mass
2E, MeV

First measurement of the e‘e- = wnm° cross section.
The dominant mechanism is wa,(980).

The cross section is about 2.5 nb, 5% of the total hadronic cross section
before was partially accounted by “isospin relation” o(nmn-2mn®)=0(n2m2m)

Analysis of ere” - T 4110 (wher'e no da’ra exns’r) with Nv>8 in FS is also underway 47
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e+e- -> KK

o] = 5
€ 10 o A = el S KK (.
— oMD3F %— .t * BABAR K'Ky
== CMD-3 2012 4 * SND2k K'K
102 mem CMD-3 2013 102k~ ; .......... %* ........................ 255 [N SO S CMD3 KK E—
& o
¥ i e i
SLE 760 (2016) 314 tob f ___________________________________________________ [ S R S S
10 * \‘
AR \
L fhoo T %
= 005 sy II % W’I’
@ Ii’(}%f IE.I q ] NP RPN AR PRI A NP BRI B ...ﬁ.. !!‘
g 0 { lw : 10
o p B L 60 T 1 102104106108 1.2 14 16 1.8 2
-0.05 ')T ¥} o s, GeV
- =1.75
1000 1010 1020 1030 1040 1050 &0 5 - | | | "
° 15 [ yellow band - SND systematic .
- green - BaBar -
: ¥ 125 =
CMD-3: KsKl at ¢ - Best systematic precision (1.8%) | ]
. " Ny . N
CMD-3: K+K- is under internal review (syst 2%) b e -
. 0.75 f— ﬂ, —f
The SND measurement agrees with the BABAR data | |
0.5 1 ‘ ‘ 1 1 | 1 1 |
and has comparable or better accuracy. 1 e e e ,
Vs (GeV)
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v

E 0.1 T T =

" o.05F a =

ful - 7]

m L

il 0 i# I +| i + {

- t i

-0.05F =

- 1 —a— CMD-2 95 3

s - ‘ —e— CMD-2 .

- "}# SND 7

-0.15— —— CMD-3 2012 —]

~ + —=— CMD-3 2013 .

-0.2k L 1 N N ) 1 ) N 1 N A ) ] A N .

1020 1040 1060 1080 1100
Ecm, MeV

It was 5-10% discrepancy at ¢

Between CMD-2

SND at VEPP-2M (7.1%)
(0.72%)

with BaBar data

(Data - Fit)/Fit

0.1

0.05

-0.05

-0.1

-0.2

BaBar
— CMD-3 2012
—=— CMD-3 2013

M
1020

L 1 L 1 N 1 N 1 1 | N N P
1040 1060 1080 1100
Ecm, MeV

(2.2% systematic) cMD2 underestimated trigger inefficiency for slow K+K-

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

but it is in consistency with isospin symmetry:

e —

21 August 2019

g¢K+K—

9ok, kx,V Z (mq))

=0.990+0.017

e Rsnyp = 0.92 +0.03(2.60)

e Repip—» — 0.943 4 0.013(4.40)
e Rgagar = 0.972 +0.017(1.50)
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KKpi KKeta

oo A AN

W

l

BABAR

. . CMD3
ee =KKn

Some signs of resonance
seenat 1.9 Ge

o
mJ\H‘\H\‘H\\‘I\H‘HH‘HI\‘HH‘\H
m#

—L I
»

165

Q
c
S
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ete- - TIH+TI-TIHTT- @@(1020)

Was

PLB 768 (2017) 345-350

2011-2013 data, 10 1/pb
systematic error 3.5%

B(p »2(x*n)) =
(6.5+ 2.7+ 1.6) x10°°

21 August 2019

nb
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et
o

N

—_—
Q)

-—

=
o

0.5

- CMD-3 t L
: SR
- W L
2 oot I E
- o* i i
> t E

950 1000 105Ei.m., Y

L | L
950

. | L
1050
E

000
MeV

c.m.:

51

" HADRON?2019, Guilin, China



‘= Published results from 2011-2013: CMD-3: @

s w0 e 2
—— CMD-3 Fit
== CMD-3 2012
—— CMD-3 2013
107
10 PLB 760 (2016) 314
y — . . ;
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Published results from 2011-2013: SND @

o, nb

C m BABAR 2 T T T T T _'E‘ E 5 " Tq = 1 L L ‘E
- A SND@VEPP2M 8t i 1 s ]+ + e SND 2013
- . 7L © —SND 2003 1 %44 A SND 2000
r % e SND@VEPP2000 ®_SND 2013 & L CMD-2 ]
— ar B or 1 g ] 0 DM2 =
= r B St 16 ] 1 1= =
< ; é ar . "“ + 1 0s[ =
- 1 st f 1 osf § =
C =l | Ty i E o 7
et PRDOT(2015)052013 4 [} JETP 121(2015)27, " ¢ 4, 2 °2f PRD 88 (2013) 054013 .
1.2 1.4 1.6 1.8 2 1000 1200 1400 1600 1800 2000 I e I I NI T s
s (GeV) Js. MeV E (GeV)
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S o BABAR <} i ] L -ln 1 T %
Z L 1 0.04 - - L . 1’ I 1' Oy J
S 2r # % 1 s 1|1 el 11 11
I M ]

. {3 1 0.02 Ll - 7 T ! 1— T
1 | A ; 1o 7. [ ] J_ I B
‘ ] 3 50 .E - 1
arXi:1606.06481 | [ Lo [l a0 I

o L T L anXiviT807.00871, | o aen g o014y cabad ] L. PRD 90 (2014) 112007
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— 35 €+?' -2 (“+“-)

£ [ Stafisticalerror & e

% [ atthelevel 1-2% LY CMD-3

E 25;_per.po|n1- ..................................... i”. ................... ii ................. BGBGI" ........................

S 200 T T T T T SYSTTIS T R . N——

- Dominant channel$ above *,

15:_(pmeson ...... Needtbmgasur‘e .......... '; ..................................................
10 These ChGHh@lS.’"O VY Ay /R B L U SR
SE ;_;.r ________ @W@me ary... 1‘ ________ o
0 556 —To00 3200 5400 3600 3305 2000 3200

Ec.m. (MeV)

The dominated source of systematic error is model
uncertainty(evaluation of the detector acceptance)

High statistics allows for more accurate study of the

intermediate dynamics.

3(m*m) are mainly produced through p(770) + 4w (in
phase space or f )

Seen change of dynamics in 1.7-1.9 GeV range
Interesting feature: sharp dip at pp threshold
(dip in sum of 6T roughly as pp+nn cross section)

21 August 2019

ole'e— 2(n'w 7)), nb
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P@\ Relative local weight of different experiments in mT+m- Ve

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

:‘; 1 __ ....................................................................................................................................................................................
E -
= -
=
E 0.8 __ .................................................................................................................................................................................
E B | —— hetore CMD2
-E} U 6 ........................ ................... —_— CMD2
g H H H SND
© — KLOE 08410
E 0_4 ................................................... ABAR
T 0.2 e Pl ENAPAAREN B
[1h]
=
U 1 L1 1 L I]
1.4 1.6 1.8
Vs, GeV

Locally precision is limited by statistic
55
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o MC generator, MCGPJ W%

High experimental precision relies on high theoretical precision of MC tools:
All events from RHO2013 scan

(~ 10 millions of ere- and m+
Several MC generators available with 0.1-0.5% precision. e 1
MCGPJ generator (0.2%) is used by Novosibirsk group: : L 10
lrealy+y Jets C(lOng all par"ricles (with collinear Structures function) g 10°
=

High statistics allowed us to observe
a discrepancy in momentum distribution
of experimental data vs theoretical spectra from MCGPJ

The source of the discrepancy is understood: diag dp/Ebeam<0.0383161 % 02 04708 0. %mu:n /E1 2
also important v jets angular distributioniesk PPoxp_d \ veen———{ hppexp_

E E 330_409 MeV /N!/ Entries  1.42810 2e : rr‘,. Entries 7
10° \ oar os i N

102

10

Sae o0 AN g Dey 0.0
4
| §

] E Cosmic additionally Mean
Several steps for upgrading MCGPJ soif.. Suppressed by 10 Tﬂ
were done. : ere
But still some question under inspection

2
[REEL -
i%;
T

i
LT

10°k

]‘-‘. |
o

\

\‘

X

r

10°

Exact e+e-—e+e-(yy) NNLO generator
will help to solve all our doubts

(and to go below <0.1% precnsnon) 1k
21 August 2019
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LN 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.SIDOROY, 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"Z P Novos l b | r‘Sk
tron-positron colliding beams are presented. . e
————— i ete- > p > T
‘When experiments with electron-positron col- cor S
liding beams were planned [1, 2] investigation of ter e ——~+ :
the process ide = =
- + - + of - 9
e~ e > T+ 7T I
2 =——-|
e +et— K™ +K*' cog _g_ 30

Detector was made from &

different layers of Spark

Chamber‘s' 600 700 800 900 10001

readouts by photo camera e i
= e R e

I'ig. 1. Spark chambers system:

2m : ment geometry and F- modulus of the form factor
1) Anticoincidence scintillation counter

s T ewa AbEmaber 50 i thiol fo'r pion pair production [1]. In the case of QED
3) "Range" spark chamber with no other forces F=1. H the particles are
4) "Shower" spark chamber produced at the angle 90° with respect to the

5) Duraluminium absorber 2 c¢m thick
6) Thin-plate spark chambers

21 August 2019

beam axis then ¢=18. Integration over the solid
anegle gives a=20.4_




Colliders History

2

1961:. AdA was the first matter antimatter

storage ring with a single magnet (weak
focusing) in which e+/e- were stored at 250

Touschek effect (1963); first e+e- interactions
recorded - limited by luminosity ~ 10#°cm-=s -

SLAC & Novosibirsk VEP-1 works independently

1965: First physics at collision with e-e-
scattering

(QED radiative effects confirmed)

1967: VEPP-2 First e+e- = hadron production

1961 AdA Frascati Italy

1965 Princeton-Stanford(e-e-) Stanford USA

1965 VEP-1(e-e-) Novosibirsk USSR

1966 VEPP-2 Novosibirsk USSR

1967 ACO Orsay France

1969 ADONE Frascat Italy

1971 CEA Cambridge USA

1972 SPEAR Stanford USA Mev

1974 DORIS Hamburg German

1974 VEPP-2M Novosibirsk USSR

1976 DCI Orsay France

1977 VEPP-3 Novosibirsk USSR

1978 VEPP-4 Novosibirsk USSR

1978 PETRA Hamburg Germany

1979 CESR Cornell USA

1980 PEP Stanford USA

1981 Sp-pbarS CERN Switzerland

1982 p-pbar Fermilab USA

1987 TEVATRON Fermilab USA

1989 SLC Stanford USA

1989 BEPC Beijing China

1989 LEP CERN Switzerland

1992 HERA Hamburg Germany

1994 VEPP-4M Novosibirsk Russia

1999 DAFNE Frascati Italy

1999 KEKB Tsukuba Japan

1999 PEP-II Stanford USA

2001 RHIC Brookhaven USA

2008 BEPCII Beijing China

2009 LHC CERN Switzerland

2010 VEPP-2000 Novosibirsk Russia.
PRYScs stOMPEEAEKE Tsukuba Japan

August 2019

L ~ 10%8cm=s
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ko

SM prediction for muon g-2

Was

Experimental world average
a = 11659 208.9+ 6.3 x 107

Theoretical prediction
6Clu= + 3.6 x 10-10 (KNT 18)
Hadronic content of a calculated

From measured cross-section by dispersion integral
LO hadronic 69327 +2.46 x 10

main channels contribution o precision at /s<1.937\GeV

ApkKiv:1802.02995, arXiv:1008'00921 '
A Exp - Theory~ 3- 4
O § BNL-E821
31.5+4.4 0+6.3
:
KNT 2018 —e—i
—27.01+3.6 (3.70)
DHMZ 2019 —e—i
—26.21+4.8 (3.30)
1 1 | L1 1 1 | 11 11 l L1 1 1 | L1 1 1 I 11 11 I ] 11 LN .| | L1 1 1 | 1 1

10

-10
~a®® [x107]

-60 =50 -40 -30 -20 -10 0 20

a,

New g-2 experiments at FNAL and J-PARC
have plans to reduce error to 1.5x10'°

ad 502.97 + 197
e 4779 + 0.89 (mostly from omega'cegion)

T 2m° 19.39 + 0.78

K+K- 23.03+0.22

Inclusive( /s>1.937 GeV) 43.67 + 0.67

LighT-by-lighT 9.8 + 2.6 need more theory input

The value and the error of the hadronic
contribution to muon (g-2) are dominated by low
energy R(s) (<26eV gives 93% of the value).
n'n” gives the main contribution (73%) to a

with help of experimental transition form factors

21 August 2019
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IF_|*2013 vs 2018 scans

PID by momentum

Event separation using
momentum

consistent within ~ 0.1%
between seasons

Y2/ ndf 66.66 /58
;ZEO o6k —CMD3 2013 | 00 0.0007427 + 00008
aV. | »2/ ndf .
gr ~ CMD3 2018 | F . O D aoat
E 0.0 4— p0 —-0.0002457 + 0.0004885
0.02 % . l d Jlf 1 . Il"
- T . ‘l l b [ |
0 : h I 1%1 _ T i
0.02f ‘
~0.04
~0.06F A=0.10 +0.09 %
03 04 05 06 07 08 09
/s, GeV

21 August

2019

DCH was in different conditions:
correlated noise

one HV layer off in 2013

We should finalize analysis based
on using energy deposition,

before opening box.

For 1°" paper: using only full energy
deposition in calorimeter

final paper: exploiting info on

shower profile + polar angle

dis‘ribu‘rion

60
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