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What do we

need to
measure

Ivan Logashenko
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_ This is what we need to measure
Lets put everything together: /
a ds / d%eete” - y - hadrons
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In a/}*? integral, the main contribution comes K(s)

from low energies

00 0.63...

a’ ds R(s)
aﬁad(LO) :W ?R(S)KM(S) ~f > ds 0-39...

4m2 A2

ContrlbUthn FJ(2017)

of various
energies

1.0 GeV
0. ¢

3.1 GeV

0. >
9.5 GeV

3.1 GeV
1.0 GeV
Contribution to the integral Contribution to the error of integral

When we measure R(s) in order to calculate hadronic contribution to a,,
we. are focused at low energies /s < 2 GeV
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From the White Paper (Physics Reports 887 (2020) 1):

af*4(L0) = 693.1(4.0) x 10710

How well do

The expected final precision of the Fermilab measurement

we need to

Aa, = 1.6 x 10710
measure R(s) "

We need to know R(s) to 0.23% to match Fermilab precision

Now the hadronic contribution is known to 0.57%

Ivan Logashenko Data Input to HVP



Energy scan

approach

Ivan Logashenko

Direct measurement of o(ete™ = hadrons)

(energy scan approach): hadrons (+y, 1, ...)

» performed at electron-positron collider € . @ -

+

 collect data at different beam energy / \
 ateach energy point: select final states with
hadrons, subtract background and normalize to

luminosity
Number of signal events Number of background events
N obs ~ N bg
o =
- [ Ldt

Detection efficiency: Luminosity integral

* kinematical limits of detector * measured by selection of
(fiducial volume) — detector monitoring events with
never has 4m coverage known cross section

pata nputto n@etector response



Detection efficiency is (usually) calculated using

MC simulation NObS - Nbg

* Inorderto calculated g, we need to know the o =
energy and angular distributions of final @ f Ldt
particles (including all correlations)

For high energies, where multiplicity is large
enough, there are effective models of Final state
hadronization, which describe data reasonably

Exclusive vs well

At low energy the detection efficiency varies
significantly between different final states and

inclusive
measureme nt different paths of hadronization (intermediate

states)

At low energies we have to measure cross section
for each possible final state separately and then
calculate sum to get R (exclusive approach)

_ Intermediate states
At high energy we can measure total cross

section directly (inclusive approach)

The practical boundary between two approachesin+/s = 2 GeV.

The g4 QLOF) calculation is mostly based on exclusive measurements.
Ivan Logashenko DataHlputt HV



The top
exclusive

hadronic cross
sections in the
world [of a,,]

Ivan Logashenko

In exclusive approach, we calculate a,, integral for each final state and sum them:

had —
X=nOy,ntn—,.. \
Channel ap* o 1071
0%y 4.41 + 0.06 + 0.04 + 0.07
Y 0.65 + 0.02 £ 0.01 £ 0.01
nta— 507.85 + 0.83 + 3.23 + 0.55
ata a® 46.21 4 0.40 + 1.10 + 0.86
2mt 27— 13.68 £ 0.03 £ 0.27 £ 0.14
atr 2n° 18.03 + 0.06 + 0.48 + 0.26

2nt2n—a® (n excl.)
ata37Y (7 excl.)
3rt3m—

227727 (1 excl.)
atr4n" (1 excl., isospin)
gt

nw

prta 7w’ (non-w, @)
n2nt2n~

wnm?

wr? (w — 7%)

w2 (w — 70y)

w (non-3m, vy, 77y)

0.69 £+ 0.04 £+ 0.06 = 0.03
0.49 £ 0.03 £ 0.09 = 0.00
0.11 = 0.00 £+ 0.01 = 0.00
0.71 £ 0.06 = 0.07 = 0.14
0.08 £ 0.01 £ 0.08 = 0.00
1.19 £ 0.02 £ 0.04 = 0.02
0.35 £ 0.01 £ 0.02 = 0.01
0.34 £0.03£0.03 =0.04
0.02 = 0.01 £+ 0.00 = 0.00
0.06 = 0.01 £+ 0.01 = 0.00
0.94 = 0.01 £+ 0.03 = 0.00
0.07 = 0.00 £ 0.00 = 0.00
0.04 = 0.00 £ 0.00 = 0.00

KYK~
KKy,

23.08+£020+033=021
12.82 + 0.06 £ 0.18 £ 0.15

From DHMZ'19

Data Input to HVP

a; (LO) = Z%j o%(ete” - X)K,(s)ds
X

The larger the contribution, the
better precision is required

ete™ - mtm~ is by far the most
challenging and has got the most
attention (73% of total hadronic
contribution!)




We need to know luminosity integral in order to normalize the measured hadronic
Cross section.

Nobs _ Nbg

For that we use monitoring process j Ldt =
with known cross section € * Oknown
The most popular monitoring process is

large angle Bhabha scatteringete™ —» ete™:

LU MINOS |ty easily identifiable, large cross section

measurement

Other good processes for luminosity measurement:

Has many advantages, but relatively

+,- +,,-
. -
€€ HoH small cross section and large background

e ete™ > YY Natural for final states with neutrals

ete” s ete7y

_ _ Often used for online measurement
ete = eteyy f f

All these are QED processes — the cross section can

Ivan Logashenko be SﬂLqH)l@Eﬂ-Q/P

ete” > ete” inCMD-3



Radiative

corrections

Ivan Logashenko

S

We want to measure eTe™ — H, but these events are
accompanied by similar events where photons are
emitted by any of the particles.

Radiation of high-energy y is suppresses by «, but
radiation of soft photons is enhanced.

Radiation changes both the cross-section and the
kinematics of the final state:

_ A%bs_'Nﬁg
£(8) - (1+6) - [ Ldt

o

And we have to calculate radiative corrections to the
cross section of monitoring process as well

Data Input to HVP

Radiative processes

L
L
G

ISR FSR
Initial Final
state radiation

10



How to
calculate

radiative
corrections

Ivan Logashenko

Main idea: allow each initial particle to emit any number of photons (jets).
The amount of energy carried by photons is described by structure function.

) Hard process ats' = x;x,s

Opis(S) = f dx,dx,D(xq,s)D(x5,5)00(x1x,5) - ©O(cuts)

we measure this we want to know this ;

photon “jet” D(x, s)
The radiative correction depends on the measured cross-
section — need to use iterative procedure.

Structure functions are known to high precision (<0.1%). Main limitation is from
kinematics: we don’t take into account angular distribution of photons in the jet.

This approach is ok for ~1% measurements and is typically used for multi-hadron
events.

Typical value for radiative corrections is ~10% (can be much larger near narrow
resonances)

Data Input to HVP
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Ivan Logashenko
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Radiative
corrections for

precise
measurements
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Calculation of radiative corrections for high-precision final states (e*e™, u*u~,
ntm”, yy,...) is much more complicated. Usually, it is implemented as MC
generator and used together with the full detector simulation for proper
evaluation of detector efficiency

Extensive review: Eur.Phys.J. C66 (2010) 585-686

MCGPJ (VEPP-2000) BABAYAGA (e*e™) PHOKHARA (KLOE,
BABAR)

1 real y (from any 1 real y + ny generated

particle) + jets along all iteratively by emitting 1ISRYy +1real y + soft

particles oney atatime

Many final states,
intended for ISR
measurements

These generators include ISR, FSR, virtual corrections, vacuum polarization and
(partially) interference between various contributions.

FSR from hadrons is model-dependent, e.g., assume point-like pions.

Data Input to HVP
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Vacuum

polarization

Ivan Logashenko

POV

d%(ete” -y - X) glete” - y* > X)
In a, calculation In experiment

2

In the calculation of a,,, we assume the lowest order photon propagator 1/q~.

But the real propagator includes higher order effects (loop corrections):
1/(q? — 1(q?)). Therefore the measured cross section have to be corrected:

|a(s)?

o%(ete” > X) =cd(ete” - X) X —

The running fine structure constant is also calculated via dispersion relation
based on R(s):

as (@ R(s")
—ds
3m ), s'(s—s"—1i0)

!

Nice way to avoid this correctionistouse ete™ — u*u~ for luminosity
measurement

N T Y Y SV VS

ete” - X ete” - utu~ ete” s ete”

Data Input to HVP
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From
measured

Cross section
to mput.to a,
calculation

Ivan Logashenko

r D
“Visible” cross section
aete”(y) » X(1)

N J
r D
Adjust for radiative
corrections (ISR, FSR)
glete” - X)

N J
r D

Adjust for vacuum polarization

and return back FSR
o%(ete” = X(¥))

Data Input to HVP

Here we correct for all
detector effects

This one is used to get
parameters of the
resonances (mass, width,...)

This one is used in the a,
integral

15



VEPP-2M

(1993-2000)

Ivan Logashenko

ILU 3 MeV
LINAC

B-3M 200 MeV
Synchrobetatron

Electron-positron convertor

Lets set the scale:

Data Input to HVP

1974 - 2000

CMD-2 Detector RF

VEPP-2M
180 - 700 MeV

BEP 900 MeV
e e  booster

SND
e Detector

Energy range: 0.36 — 1.4 GeV

Luminosity up to 5*1030 1/cm?3s

o(ete” - wtn™) at p peak (0.77 GeV) ~ 1000 nb
L =103°% cm™2s71 corresponds to 1 Hz for o = 1000 nb

16
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LI
TSR

)

VA

1 - vacuum chamber
2 - drift chamber

3 - Z-chamber

4 - main solenoid

Ivan Logashenko Data Input to HVP

!
g 5
<
1\"5
N 0
[
]
5 - compensating magnet 9 - iron yoke

6 - BGO endcap calorimeter 10 - storage ring lenses
7 - Csl barrel calorimeter
8 - muon range system

17



Ivan Logashenko

R
NiZ4

Data Input to HVP

* No magnetic field
* Spherical three-layer Nal calorimeter
« Small drift chamber around interaction point

Optimized for neutral processes (e.g., ©°y)

18
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Beam energy
by Compton
backscattering

ILU
3 MeV
Linac
B-3M
250 /x\ev BEP
syncnro- t e~
VEPP-2000 L tatron beirer
825 MeV

(2011-2013)

Design parameters @ 1 GeV

e — e+ Circumference | 24.388 m

converter Beam energy | 150 = 1000 MeV

N of bunches 1x1

I i 11
C.m. energy range is 0.32-2.0 GeV N of particles | 1x10

Betatron tunes 4.14/2.14

Unique optics — “round beams” Bota* 05 om
Experiments CMD-3 and SND started by the end of 2010 BB parameter | 0.1
Luminosity 1x10% cm?s!

Ivan Logashenko Data Input to HVP



to VEPP4M & c-vfactory w _— 250 m beamline

=T ’sd—.\_ VEPP-2000
Storage Ring \
- Bldg.13 oy K-500 BEP vsgoo
9. Bldg.20 \
New injection complex a.ug.m\Q

Major upgrade in 2013- = 350;— Collected luminosity integral
5016: 300~ CMD-3
VEPP-2000 .
(2017_) * X10 more intense 2005_
positron source -
150
* boosterup to1GeV ‘002— upgrade
(match VEPP-2000) 50 /J_/
E L |

1 1 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1
01/2012 12/2013 01/2016 12/2017 01/2020
Date

Detectors resumed data taking by the end of 2016

Ivan Logashenko Data Input to HVP 21



350 1/pb per detector 2021 I

[ 2020
[J2019L
p, w [J2019
B 2018 - 0
B 2017 pp, nn D*
I 2013
B 2012 /
[ 2011

pb™ per 50 MeV
N =Y
=)

At what
energies

=

08—

pb-' per 50 MeV

06—

VEPP-2000 | g
collected data

f1(1285)

M

400 600 800 1000 1200 1400 1600 1800 2000
Energy, MeV

0
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Ivan Logashenko

Data Input to HVP

Advantages compared to CMD-2:

new drift chamber with two
times better resolution, higher
B field

better tracking

better momentum resolution

thicker barrel calorimeter
(8.3Xy, — 13.4 X))
better particle separation

L Xe calorimeter
measurement of conversion
point for y's
measurement of shower
profile

TOF system
particle id (mainly p, n)

23



Ivan Logashenko

1—beam pipe

2 —tracking system

3 —aerogel

4 — Nal(TI) crystals

5 — phototriodes

6 — muon absorber
7—9 —muon detector
10 — focusing solenoid

Data Input to HVP

0 20 40 60 80 100 cm

Advantages compared to previous SND:
e new system - Cherenkov counter (n=1.05, 1.13)
e/rt separation E<450 MeV
/K separation E<1 GeV
e new drift chamber
better tracking
better determination of solid angle

24



Measurements

at VEPP-2000

Ivan Logashenko
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3

8 2
/s, GeV

Final states under analysis at CMD-3

Signature

Final states (preliminary, published)

2 charged

e, KYK, KK, pp

2 charged + v's

mtny, e, it 270, w30,
ot 4nl, T, e n,
mwt 2%y, KPR, KYK2A0,
K+K_T], KSKUTO, KSKLT]

4 charged 2(mt), KPK—mt, KsKEmrt

4 charged + v's 2t )n®,  2at2m 270, wtm,
i w, 227, KK~ w,
KsK*=rFn®

6 charged 3 ), KsKgmrtm

6 charged + y's ()

Neutral iy, 2%y, 37, ny, 7°ny, 27y

Other nm, nlete, nete”

Rare decays

n’, D*(2007)°

More final states compare to VEPP-2M
1-2 order of magnitude more data
* The experiments are collecting data
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Understanding
of

intermediate
dynamics

Ivan Logashenko

In order to measure hadronic cross section, you have to understand the dynamics of
the process (to properly evaluate detector efficiency). High statistics is crucial!

Example:
four pions at CMD-3

Simultaneous unbinned
amplitude analysis of
150 000 t*r~mOn©
events and 250 000
ntn ntn™ events.

cross section (nb)

Amplitudes accounted
for in the likelihood
function:

w[177]7°[0"] (only m*m—270)
a,(1260)[17]7[07]
p[1771f°/a[0*]

pf>(1270)[2++]
pTp~ (only m*m~2m0)

h(1170)[177]7° (only m*m—210) “hexto) Gévicy

Data Input to HVP

= +«— ai
E —_— 6(e+e- -> 27t0 n* ﬂ:-) .+ +’# _— pf21t
30F limi # t ; —=— p (0(980) + o)
E preliminary . o —-pp
25Fst.un. ~2% . ¢ o, ——hinx
e PR *‘
zog-syst. un. = 4 a)T[O .
155_5% ”v " il e 4
E % i “ .
10:_ 0,"" ' } *‘ 4 *‘V‘v ¢ oo oo
: X "5
5 ,w#’ % e MRe MY |
i S ATTEDIRT 'S 2 . 28 15
S R RS T O T |
1 1.2 1.4 1.6 1.8 2
Ecm (GeV)

yields

Intermediate resonances observed in data:

fs=[1.7:1.8] GeV

1,(980)

o(782) [

% :
P It

A (770)

10001

500 J

W eaveds

" mi ) [GeVich
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The initial-state radiation (ISR) approach:
take data at single energy point and
S identify eTe™ — X + y events to extract

€ cross-section ete™ — X in the wide
hadrons
energy range.
The cross section is extracted dNx()y dL%z};
from the spectrum of d\/?m = Vs’ SX(Y)(\/?)O-X(Y)(\/?)
ISR approach ete™ - y;spX events:
| o d1ers dw «— Radiator function -
Effective luminosity IS’f = Lee—— probability to radiate
dvs’ dvs’ ISR photon (with

radiative corrections)

ISR luminosity is 2-3 orders of magnitude smaller than plain luminosity. Need
high luminosity collider — “factory”.

Ivan Logashenko Data Input to HVP



Small angle vs

large angle ISR

Ivan Logashenko

Small angle (untagged) ISR

ISR photon emitted along initial
beam, undetected

ISR photon is reconstructed from
kinematics of the final state

Angular
distribution

of ¥isr

Data Input to HVP

L

107

arge angle (tagged) ISR

ISR photon emitted at large angle
and detected

—— F(x =0.99,8)
— F(x=0.5,9)

|~10°/o|

-

29



BABAR

experiment
(1999-2008)

Ivan Logashenko

PEP-Il asymmetric e*e™ collider at SLAC

9GeVe and3.1GeVet
About 500 fb* collected in 1999-2008
Comprehensive program of ISR measurements, using a data sample of 469

fb-1 collected at and near Y(4S) (10.58 GeV)

1.5T Solenoid Electromagnetic

Calorimeter (EMC)

Detector of
Internally
Recflected
Cherenkov
Light (DIRC)

Instrumented Flux Silicon Vertex Tracker
Return (IFR) (SVT)

Data Input to HVP
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0.5 — 2% syst.error 4 — 15% syst.error

BABAR measurements are mostly tagged
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Fully exclusive measurement
v'Photon with E,, > 3 GeV, which is
assumed to be the ISR photon
v'All final hadrons are detected and
identified
Large-angle ISR forces the hadronic
system into the detector fiducial
region
v'A weak dependence of the detection
efficiency on dynamics of the hadronic

mEthOd at system (angular and momentum

distributions in the hadron rest frame)
BA BAR = smaller model uncertainty

v'A weak dependence of the detection
efficiency on hadron invariant mass =
measurement near and above
threshold with the same selection

Generic BABAR ISR

Tagged ISR

Can access a wide range of energy in a

criteria. _ _
Kinematic fit with requirement of single experiment: from threshold to
energy and momentum balance ~5GeV

v'excellent mass resolution
v'background suppression

Ivan Logashenko Data Input to HVP 32



Al
HAMBER
AMBER |

B

KLOE (2000-

2006)

Ivan Logashenko Data Input to HVP

Installed at the DAFNE phi-factory

Mostly collected data at ¢p(1020) meson

ISR measurement of a(ete™ » n¥m ™),
both tagged and untagged

1400

o(e'e>n'n) [nb]
— —
[—] (%]
(=] [—
[—] [—

L
=
=

600

400

200

¢4+#

Wt
L]

(Ll

L

*¥

;“*ﬁ + KLOE12

* KLOE10
= KLOE0S

N R R
0.1 02 03 04 05

I B
0.6 07 08 09 1

(Mgp)” [GeV7]
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15

oz Kok =
P >~ -~ §§\ Beam energy:
P Ny 1.0-2.3GeV :
,,,,’/ \\\\\ Lominasity: BEPC-II collider covers c.m.energy
] cm—-s”
u N Gpsnm gy range from 2 to 5 GeV
i : % 1.89GeV o "
44 - - o - !‘T Energy spread: ct-fa ctory
] 1 % " 5.16 X104
1 i T i ¢+ No. of bunches: ) ]
¥ e # - nooo3 BES-IIl detector is taking data
.o o B Vi oy cm ? B h l th:
t . ™ P e (and there were BES and BES-Il before)
'\‘\ ;; Total current:
Y i 0.91A
YN /7 SRmode: Tagged ISR measurement
> 2 0.25A @ 2.5 GeV b - + -
= , 27 olete" > n7)
- 45:_ T T I T T _:
= BESTI BRI
sE- 3+ korn 3
- —+— BESII =

10

0.6 0.65 0.7 0.75 0.8 0.85 0.9

Vs'[GeV]

Statistics is limited compare to BaBar
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Variety of ISR

Normalization to
ete”

approaches

Normalization to
pp(y)

Ivan Logashenko Data Input to HVP

Tagged ISR Untagged ISR

KLOE-2010 (mttm ™) KLOE-2005 (r*7m ™)
BABAR (most KLOE-2008 (m* ™)
channels) BABAR (pp)

BABAR (mtm™)*

BES-Ill (m*m™) KLOE-2012 (m*m™)
CLEO-c(r*m™)
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ISR vs energy

SCan

Ivan Logashenko

* Energy scan analysis is generally simpler, but ISR measurements were done with

superior detectors

» Before VEPP-2000, ISR measurements had more statistics
* Ingeneral, background is higher for ISR measurements
* ISR approach allows for larger detector coverage and smaller model-

dependence

* Inboth approaches the visible cross-section is smeared and we need to unfold it:

Energy scan

The cross-section is smeared by ISR

1
7s(s) = | diadi D, D ez, ) (1 25)
0
The beam energy is known to high
precision (~ 107* — 1073)

The “unfolding” is done via radiative
corrections

The “response” function is model-
dependent, but it does not have unknown
pieces

Data Input to HVP

ISR

The cross-section is smeared by detector

resolution
do,s(s,s') 2s’
— W , 4 4
S = W (5,500 (s")

The energy of the final state s’ is
reconstructed from the kinematics.

If the detector response function is
known, the unfolding is the robust
procedure.

But tails in the response function can lead

to large effects.
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Inclusive

nEENIEnENIS

Ivan Logashenko

Inclusive measurements were systematically performed at+/s = 2 GeV

Signal events: one or more hadrons in the

final state + any number of extra particles O_ObS(S) _ Ninh — Nres.bg
Cuts on multiplicity, sphericity, ... mh | Ldt
With or without particle identification

T (8) = 2 ebu(5) O (5) — D0 ey (s) oy (s)
e(s)(1+0(s)) af € 4 (s)

The analysis depends on the same ingredients as the exclusive measurement:
event selection, luminosity measurement, calculation of radiative corrections,
evaluation of detector efficiency

R —

Key difficulty: to properly model hadronic events for evaluation of efficiencies
and radiative corrections. There are dedicated MC generators: JETSET, LUARLW

“Typical” good precision: %R ~ 3%, best achieved ~ 2%.
Important to have large detection efficiency (now ~ 75%)

Data Input to HVP
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Ivan Logashenko

PRL88(2002)101802
PLB677(2009)239

CrystalBall

Gamma2

Markl

Pluto

BES (2000)

BES (2002)

BES (this work 2008)

@ +xofr[JO>

o 2 3 4 =5

Ecm (GeV) Major improvement!
BES-Il performed detailed R(s) * 3 — 5% statistical error per point
scan between 2 and 5 GeV * 5 — 8% systematical error

BES-IIl collected a lot of R(s) data (125 points), not published yet
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Experimental hall
%a ROKK-1M [l Vertex detector

——
B Drift chamber

KEDR RF FeedBack ™ K E D R d et e Ct or Aerogel threshold
counters

SR ' Bl ToF counters
B Lkr calorimeter
VEPP-3

B Superconducting

R&8m
/ coil

Vertical FeedBack =~ Vertical FeedBack B Yoke

‘r ,7 WIG

Insertion S Deuteron Ea WIG Insertion N B Muon chambers

RF FeedBack \
—L Injection J— I CslI calorimeter
- A %
"5‘,,7 B Compensating

solenoid

VEPP-4M \ \
Robinson wigglers % cavities / b

(T e
\electrons I III : Irl positrons
ﬁ Technical section r/

VEPP-4M collider

Beam energy range 0.925-5.3 GeV
Luminosity ~ 4 - 1031 cm 2571

Beam energy is determined to 20-30 keV
(using Compton backscattering and
resonance depolarization)
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* ADONE- /i ® KE/IP ’ :
# MARK I+CGLW % BES(2009) : :
5 PLUTO ) BES(2006) : :
ar ¥ 172 ] BES(2002) ; .
o Mark T A BES(2000) : :
A Mark T : g
¥¢ ADONE-MEA : :
3- :
ey
: \
bbb ] gt
i =
[ [ ]
TIATLECRURNLS LAt e, DR R
2 —
V|
V]
v TR pQC D + Brnag J /i) n (2S)

| I I |
2 2.5 3 3.5

Vs, 9B
KEDR performed detailed R(s) scan * 2 — 3% statistical error per point
between 1.8 and 3.7 GeV * 2 — 3% systematical error

Most precise measurement
KEDR collected R(s) data between 4.7 and 7.0 GeV (17 points)

Ivan Logashenko Data Input to HVP



21-8 [ I I I I I
-------- pQCD
—+— Exclusive data combination
2.6 ~ Transition pointiat 1.937 GeV — IncIUS!ve high data
% Inclusive low data
Is there XK t  KEDR (2016)
agreement |
between
inclusive and
exclusive?
181 | L | | ! !
1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15 2.20
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Where the

nEENEnE S
are done

Ivan Logashenko

Davier-Hoecker-Malaescu-Zhang, 2019

R(s)

w
|||I|||||‘||||‘II|I|||||‘||||

I l | : I l l : I | l I l l l l
Jwt p(2s)
- BESHII

. ¥ 4040

B c'e — hadrons data
(HVPTools compilation)

?BES
t KEDR
—— pQCD (massless)

o

Data Input to HVP

Energy scan

2 3 4 5
Vs [GeV]

Tau decays

* X% > %
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What to

expect in near
future

Ivan Logashenko

* VEPP-2000 has collected 350 1/pb per detector. The ultimate goal is
1000 1/pb per detector — many more data! Possibility to study
intermediate dynamics.

- ete”™ - mTm™ cross section is about to be published by CMD-3 -
record statistical precision

* SND published e*e™ — ¥~ cross section only using small portion
of data - more results to be expected

* New analysis of BABAR e*e™ — ™ data based on angular
distribution

* BELLE-Il is taking data — expect new BABAR-like comprehensive ISR
measurement

 BES-Ill plans to collect xa0 of ISR data

* There is progress in development of new generators for radiative
corrections calculations — very important for reaching higher accuracy
(below 0.5%)

* With new high statistics measurements it will be possible to perform
detailed comparison between ISR and energy scan

Data Input to HVP
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Status of

ete” s ntm™

Ivan Logashenko

Systematic uncertainties

E __L [ T T 1 T 1 T T 1 T 1 T 1 | 1 [ | T 1 | T T 1 | 1 [ | I\I | I:
L= B « TOF o KLOE 12 0.7%
S 40% = 4 OLYA « BESIII 0.9% _|
5 = o CMD > SND 0.9% =
m - _ ]
o - o6.0.80%° CMD-2 06 4+ DM1 —
2 107 o CMD-2 03 v DM2 _
o = o o1 o0~ KLOE 08 v CLEO =
© 3 9L KLOE10  © BABAR 0-5% -
10 & Combined —
- ¥ . N
1= f IR, i =
= sARS L % =
— | J ,L;l -
L . . & _
101 €e—>nT JH“} %%u% H:luﬁh_:

EI | | I 1 1 | L1 1 | I 1 1 | L1 1 | L1 1 | L 1 | L1 1 | I 1 1 | L 1 | | L1 1 | |

04 06 08 1 12 14 16 18 2 22 24
\s [GeV]
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- _| T T T T | T T T T | T T T T | T T T T | T T T T ] ‘T _| T T T T | T T T T | T T T T | T T T T | T T T T ]
g - e‘e o' ] g C e‘e o' ]
B 01 — - 8 o1 — -
o - i e L ]
£ C 7 E 0 T 4
§ 0.05— — § 0.05 —
s s ]
B B .
3 -0.05 :— 3 -0.05 —:
o ] o ]
o C ] o ]
3] C N o N
01 = 0 + KLOE 08 o KLOE 12 2

r ° BABAR Combined C + KLOE 10 Combined

_l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ] _l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

05 06 0.7 0.8 09 1 0.5 06 07 0.8 09 1
tatus o  [Gev]  [Gev]
+ — + — "T [ T T T T I T T T T I T T T T I T T T T I T T T T _] ‘._ [ T T T T T T T T T T T ]
e e T Tt § e'eon'n 1 5 f ]
g o1 ] g oiff ~
L — - 0 - .
E o i ] E C ]
§ 005 i — § 0.05 [ —
a C ] = Ol ]
3 - . B - .
e D — — P S D — —
5 Cd ] 5 cl L] .
g B ] S C ]
g 005 e g 0051 -
S : ] S C .
01 * BESIII = 0 *CMD-206 ° SND .

C ¥ CLEO Combined ] r = CMD-2 03 Combined ]

_l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 N _l 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 N

05 0.6 0.7 08 09 1 05 06 07 0.8 09 1

Ns [GeV] \s [GeV]
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LI L L B I 5 ~ ! I ! 7
B
CLEO b = £
376.9+ 6.3 £ _BABAR
, se, g ~KLOE 06
- BESW ——t—— 5 KLOE 12 |
g Me2:a2 s —~BESII A
= CMD-2 —c— o -«CLEO ]
= aT24+30 ®04— 1 a0y SND -
o --CMD-2 03 ]
StatUS Of oariay o /™ ~-CMD-2 06
KLOE ] !: - = Other exp—
— — ....35.6'?1.2'1................I....I... :, e _..--v--; -"\.___:
ete” >t w5 o e o o5 s a0 _ s e
g " '] I[D.a. 0.9] GeV [x107] s [GeV]
Infamous KLOE/BABAR tension a, calculation is BABAR
(more pronounced in the spectra) dominated outside of p energy
region (0.6-0.9 GeV)
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Very simple kinematics, but the most challenging analysis due to

+
high precision requirement: need to take into account many effects &
ghp q y 0
(which can affect result by 0.2% or more) N
+ —_
e e
Measurement at CMD-3: T
* several scans of the whole energy Main background:
region below 2 GeV (took data in p ete” s efe ,utu”
C M D-3 region in 2013, 2018, 2020)
_ _ P~ vs PT @+/s = 0.5 GeV
+ . — N 4+ — * employ correlations of the final 5 A —
€ € w1t particles:ete ™, utu~, mtn~ § ; skl ete”
- separation either g il A
analysis P D .
* by 2D momentum or R S T R
F—— 10¢ _
by 2D energy deposition 220/ A ntm
i | e, e T _
independent measurements! 201 ke _cosmics
* many things to study: fiducial volume,  1so;
pion decays, pions interactions in S ARG T
detector,backgrounds,... v IR Ot 0 £,

L1 1= o4 i BT i | :
160 180 200 220 240 260 280 1
Momentum, MeV/c, +

High statistics is crucial! Goal: ~0.5% systematics
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beal
—
N

w [
Measurementofete™ » wm™ E |
requires high precision calculation of £
radiative corrections. go.a
=

We use two high-precision MC 0.6
generators forete™ —» ete~

CMD-3

n * MCGPJ generator (0.2%)
e e NI T « BaBaYaga@NLO (0.1%)

ana|y5|S: With high statistics we've observed % 02 04 06 08 1 12
d o inconsistencies in tails of distributions, e ....M?.mentum/Ebea"_'._____._____
rad |at|Ve which were traced to particulars of Original MCGPJ
. MCGPJ generator wpversion 031045
corrections ’
After improvements, tails of e*e~ /;é:am
spectra still differ by few %, 1 j -
which limits the precision to O(0.1%) 10¢

NNLO MC generatorfore*te™ - ete~
is needed for higher precision 3

BabaYaga
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%2/ ndt 79.37 /58

—=— CMD3 2013

27.23/12

¥= ndf

19.67 /18

o X o 1.1 Prob 0.007169 || Prob 03518
- . | e oMD3 2018 ::0 b 70,0005525t0.03}g§1212; bnf’l.l LOE: PO 100310002855 * ptmd', 0.9971 112.223;6:
£0.061 | Lovosao Jrina o - T S
E" - 5 _ pg 0.0001293 + 0.0004538 '21'04; ' J
- p0 0.008051 + 0.003245 1=
- } ' 0.96F- i -
of qe1 lhe 0.94
- ) l _ 0.92F _ :
- P N T PPN FETI PETI PETI PR ST S B
CM D_3 ~0.02 , } 0.3 0.35 0.4 045 05 0.55 u.gea?ﬁsgner:gy’a.;sf
+ — + — ~0.04f g 11 — Z/ndt 61.55/48
e e T 1T -] | et O I I oY
_0.06F 5 | Zroep ]
| lC- : ) ] Cl 1 e o
a na YSIS . 0.3 0.4 0.5 0.6 0.7 0.8 0.9 ozt h HH 1 'l * t l :
. VS, GeV 1E ' l {. } ] T T T
internal checks IF. |2 RHO2013/RHO2018 A = -0.07 + 0.09 % oso [ Hy RS
RHO2013/LOWZ2020 A= +0.3+0.6 % 094_, b 3L
0.92F
0953 035 0.4 0.45 05 055 0.6 065 0.7 075

A = +019 23 0.16 % Beam energy, MaV

N,,/QED

15 uonsa 2021 Offline meeting CMD3

Comparison of measured

Comparison between different data sets o(ete™ - u*p~) to QED

Ivan Logashenko
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Statistical

precision of
CMD-3 data

Ivan Logashenko

A olo,, per 20 MeV

0.4 . . 1.2

(s, GeV
Relative statistical accuracy Ao /o of various data sets in 20 MeV energy bins

That's all | can say about CMD-3 27 analysis at the moment ®
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JHEP 2021,113 (2021)

e T T r T T Ty r T T T T T T T T T T T T T T T T T T T
c ! ! | ! ! ! |

First measurement of & 1400 A S S SR O S R
ete” -mm” 1200 b
at VEPP-2000 - T 2 T O

1000 b R S— o R S — A— :

800

The analysis is based on -

4.7 pbdatarecordedin2013 |

+ 4 (2/20 full SND data set) 400f-
e e —T T 200 et

| i | i L1 1 | i | - i | i | i L1 1 | i L1 1 1 L
500 550 600 650 700 750 800 850 900

at S N D (2021) 1t /e separation using ML (BDT) Vs, Mev

: [~ Systematic uncertainty on the cross section (%)
" . Source <0.6GeV  0.6-0.9GeV
“F Trigger 0.5 0.5
°a Selection criteria 0.6 0.6
o2 e /T separation 0.5 0.1
o1F Nucl. interaction 0.2 0.2

TS SR AR es ) e e ae Theory 0.2 0.2
Total 0.9 0.8
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ete” > mtm™
at SND (2021):
comparison to
other

MEEEE0EES

Ivan Logashenko

M
.M"ﬁhh

o
‘ |
FIRTY
\| ‘||

550 600 650

700 750

llllllillll:
800 850 900

\'s, MeV

KLOE/(SND fit)

i L1 1 1 I N | | L1 | I | | :
800 850 900

550 600 650
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700 750

Vs, MeV

—=— SNDO06

L
.
For
0.1
0.05_—

—0.05

=01

—— CMD2

Ny S Y S

0.53 < +/s < 0.88 GeV

e m)xwo

SND & VEPP-2000
SND & VEPP-2M

BABAR
KLOE

409.81t1.4%3.9
406.5+1.7+5.3

413.6 £ 2.0+ 2.3

403.4t0.7% 2.5
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