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In the zeroth order of QCD and
zero quark masses:

RO) =3 qf
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R(s) =
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R(u,d,s) = 3
10
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R(u,d,s,c,b) = 3

R(u,d,s,c) =

Full pQCD calculation includes NNLO

contribution, quark masses, running as, ...

Important for a,, a(M%), as(s), ...
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Gyromagnetic ratio g connects . e -
. . fis=g—S5 v
magnetic moment y and spin s S

For point-like particle g = 2

Anomalous magnetic moment a a=(g—2)/2
arises in higher-orders

|\/|U0n (9'2): Ae = ay = % ~ 1073 (QED dominated)

the basics

Idea of experiment: by comparing measured value of a with the theory
prediction we probe extra contributions beyond theory expectations

a,(strong)/a,(QED) = 6 x 107> a,(weak)/a,(QED) ~ 107°

Why muon? For massive fields there is Y
natural scaling, which enhances

2

m
contribution to a, by (mﬂ/me)2 ~ 43000 Aa ~ <_l) m
compared to a,
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Muon G-2 2023

result

FNAL 2021, 2023 World Average
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a, (Exp) = 0.00 116 592 059(22) [190 ppb]

Ivan Logashenko (BINP) FTCF2024-Guangzhou: e+e- into hadrons



Experiment vs

SM prediction
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Muon G-2 Theory Initiative
Consortium of >100 theorists
and experimental physicists
“White paper”, Phys.Rep. 887 (2020) 1-166

The anomalous magnetic moment of the muon in the Standard Model
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Electromagnetic Strong interactions Weak interactions

SM prediction for JEEEEEE

|
Clu \ 0.000 000 069 37 (43) /

0.001 165 847 19 (0.1) l 0.000 000 001 54 (1)

\ /
a, = 0.001 165918 10 (43)

The uncertainty is dominated by contribution of strong interactions
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Leading order Next-to-(ll\eligll)ng order Light-by-light
(LO) (LBL)

N /

WP(2020)
(6931 + 40) x 107'*  (—98.3 £+ 0.7) x 107** (92 +19) x 10~ 1
Ha d ronic ahaﬂ _ had VP LO had VP NLO had Light—by—Light
' ' L-by-
contribution i i ) i
350 ppb (0.6%0) 10 ppb 160 ppb

/

. | .
Underestimated! Compare to experimental accuracy of 190 ppb
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HVP:
what do we

need to
measure
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X ds 1
/ — —ImH’( ) X
Dispersion relation:

a;**(LO)
I
I 2

Optical theorem: 2 Im ’\/\,@’\/\, = ‘ ’\/\,C
I
|
S
ImII'® = —4¢%e*e™ - y - hadrons + )

4t

This is what we need to measure

Lets put everything together: /
a? ds / + -

c% e*te” - y - hadrons
a[}ad(LO) = ﬁ ?R(S)Ku(S) R(s) = ( Y )

Ata? /3
am7 / T[a/S

o’(ete” - utyu)

s = (c.m. energy)?
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In a/}*? integral, the main contribution comes K(s)

from low energies 1
5 o0 0.63.. ]
a ds R(s)
i (L0) =5 | —R(K(s) ~ [ —Z=ds "
4ma 4m?
Contribution 201
of various
" 1.0 GeV
energies 0. 50 0. x
9.5 GeV
31 GeV 3.1 GeV
1.0 GeV
Contribution to the integral Contribution to the error of integral
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(0]

2
(5) C(MZ J R(S)dS

M R
Adtygq (M) = 3T s(s — MZ —ie)

4mn

Important contribution to electroweak fit

Aad(M,) (5Aahad(MZ))2

3.1 GeV 2.0 GeV 2.0 GeV

1.0 GeV 31 GeV

0.0 GeV %%E%
0 GeV, 8 eV, ~o
13. GeV'

5.2/9.5 GeV

contribution error?

Contribution to the integral Contribution to the error of integral

A. Blondel et al., arXiv:1905.05078
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How well do

we need to
NEEHIEING,
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From the White Paper (Physics Reports 887 (2020) 1):
afif4(L0) = 693.1(4.0) x 10710
The expected final precision of the Fermilab measurement
Aa, = 1.6 x 10710

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

Now the hadronic contribution is known to 0.57% (underestimated!)
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Measurement
techniques:

Direct vs ISR
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Direct measurement (Energy scan)

At fixed s: 0 ,+,-_4(s) ~ Ny /L
Data is taken at different s

VEPP-2M: CMD-2, SND
VEPP-2000: CMD-3, SND2k
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ISR (Initial State Radiation)

dNy 4y /ds?
! Y

o _ S ~ —_——
ete —’H( ) L-dwW /dst

Data is taken at fixed s > s’

KLOE, BABAR, BES-III, CLEO
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ISR vs energy

SCan
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* 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
Gois (5) = f dxy dxyD (xg, $)D () $)00 (X155
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
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ISR

The cross-section is smeared by detector
resolution
do,s(s,s') 2s’ , ,
mcsls, =—W(s,s)ao(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.

13



Exclusive vs

inclusive
measurement
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Detection efficiency is (usually) calculated using
MC simulation

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

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

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

At high energy we can measure total cross
section directly (inclusive approach)

Nobs o Nbg

- (o) [ Ldt

Final state

Intermediate states

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

The a,’}“d (LO) calculation is mostly based on exclusive measurements.
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Contribution
of exclusive

hadronic cross
sections to a,

Ivan Logashenko (BINP)

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
ntr— 507.85 + 0.83 +3.23 + 0.55
ata a® 46.21 4 0.40 + 1.10 + 0.86
2t am— 13.68 £ 0.03 £ 0.27 £ 0.14
ata 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 — 7y)

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
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a; (LO) = Z%j o%(ete” - X)K,(s)ds
X

The larger the contribution, the
better relative precision is
required

ete™ - mwtm~ is by far the most
challenging and has got the most
attention (74% of total hadronic
contribution!)

All the rest
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Where the

nEENIEnENIES
are done
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Davier-Hoecker-Malaescu-Zhang, 2019
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BABAR measurements are mostly tagged
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VEPP-2M

(1993-2000)

Ivan Logashenko (BINP)

L3 v 1974 - 2000

LINAC

B-3M 200 MeV
Synchrobetatron

BEP 900 MeV
e e  booster

Electron-positron convertor

Energy range: 0.36 — 1.4 GeV

Luminosity up to 5*103° 1/cm?s

FTCF2024-Guangzhou: e+e- into hadrons

CMD-2 Detector

VEPP-2M
180 - 700 MeV

SND

RF
Cavity

e Detector
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VEPP-2000

(2011-)

Ivan Logashenko (BINP)

to VEPP-4M & c-t-factory «

 TESAEIRNORNIPRMTITS 1Y
Linac -~

New injection complex

0 —
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~ -
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400 | B —
200 ﬁ /
B f /
0"'m\|||\\\I|\\II\\II\\\\I\\III\\Ill\\II
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Date

Data taking history

FTCF2024-Guangzhou: e+e- into hadrons

— 250 m beamline

VEPP-2000

Storage Ring
Bldg.13 K-500 BEP VE%M
Bldg.4 Bldg.20 \ O

Bldg.1R

=
(=]
N

pb-' per 50 MeV

101_

10°

10"

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

Collected integral by energy
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Measurements

at VEPP-2000

Ivan Logashenko (BINP)
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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



Tensions In

ete” s ntm™
data
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0,0
(07/0KLOE combination) = 1

CMD-2

0.3 / 1400
BaBar (09) ——+— CMD-2 (06) +—e—
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llete = ') - 02 _KL(;E:E:_‘T:E;’; o . 1200
) "S ‘ % } -4 1000 =
iy = 01 FT b oy
® £ I : - 800 &
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There are few-% discrepancies had
. a :
between various sub-% ay®*(L0; 2m,0.6 < /s < 0.88 GeV)
measurements of a(ete™ » ntn ™) . before CMD2
Unexplained 3 CMDZ
e — SND
;_ —— 2_50/0\ KLOE comb
WP2020: scale factor for E T E— BABAR
Aa,(Had; LO = —— BES
“( ;LO) . CLEO
= - SND2k
CMD-3 goal: new high statistics low =
. LR T N U T
systematics measurement of 360 365 370 375 380 385 390
+,- o=\ i 0.88
o(e"e — m m )Viaenergyscan 1
( ) gy 73 o%e*e” - ntn)K,(s)ds
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CMD-3 is systematically above previous measurements by ~2-5%
CMD-2 ' SND, SND@VEPP-2000
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2 oo
hadLO __ M

O+ e—_w,*—)hadrons(s)K(s)

ds

a T e—
H 1273 [ s

|
T

a,(had; LO):

the status

—_—

|

béfore CMD2
CMD2
SND
KIi.OE comb
BABAR
BES
CLEO
SND2k
cMD3

360 365 370 375 380
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Ll I Ll 1 1 Ll 1 1
_ 385 390
a™™ (0.6 <ys<0.88GeV), 107"

Discrepancies in data
“blind” a,, (SM)

It seems that existing
measurements of ete™ —
¥~ underestimated
systematic uncertainty (at
least at some energy
range)

CMD-3 simply exaggerated
the problem, but it was there
already
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Features of
CMD-3

measurement

Ivan Logashenko (BINP)

* World-largest statistics
* 34000000ete” >t~
« 3700000ete” - utu”
* 44000000ete” s ete”

* Many built-in cross checks

* 3 methods for final states
indentification

2 methods for angle measurement
- Measurementofo(ete™ —» utu™)
- Measurement of charge asymmetry

* Very detailed study of potential
systematics

FTCF2024-Guangzhou: e+e- into hadrons

Exampleofete™ » nw*m™ event
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a,(SM) = 0.00116591810(43) = 368 ppb

BNL g-2 — PY :
- 3.70
FNAL g-2 1 ° :
At the AL g
beginning of { 50 )
2023... | |
¢ BMW Lattice 2020 * ® }
Standard ° Experiment
Model average

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5
a,-10° — 1165900

au(Exp) - a“(SM) = 0.00000000251(59) =2 4.2C

Ivan Logashenko (BINP)
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vy
Z
r
L

FNAL Run-1 1 3 ;

FNAL Run-2/3 —11—

Experiment vs
SM prediction

FNAL Run-1 + Run-2/3 +——¢

_ BMW Lattice 2020

E d f WP2020 ® —o—
n O 2023 World Average
CMD-3 based ®
175 180 185 190 195 200 205 210 215
a,x10° - 1165900

At the moment, the SM prediction for a,, is unclear (due to hadronic contribution)

Ivan Logashenko (BINP) FTCF2024-Guangzhou: e+e- into hadrons



There are significant efforts to understand the discrepancies and to obtain
additional new e*e™ — H data:

* SND has the same amount of data collected as CMD-3, analysis is in progress
* BABAR is making reanalysis of old data using new approach (angular analysis)
* BELLE-II plans to do ISR measurement of ee™ — H cross sections

* BES-Ill and KLOE perform analysis of additional data

I h d In order to match FNAL, cross sections need to be measured to ~0.2%
sthere nee Neither of existing experiment expect to reach such precision — need next
eneration experiments
for new g P
Channel Contribution, - 101 (KNT1g) | Relative accuracy,
measurements need (now)
Of h 3 d ron | 's ntm 504.23(1.90) (0.4%) ??? 0.23% (0.8%)
: 5 ntn n° 46.63(94) (2.0%) 1.1% (1.5-3%)
Cross SeCtlonS . ntn ntn~  13.99(29) (2.4%) 0.8% (2-3%)
ntr n%n®  18.15(74) (4.0%) 2.3% (5%)
KK~ 23.00(22) (1.0%) 0.6% (2%)
KsK; 13.04(29) (2.5%) 0.7% (2%)
a,(had; LO) 692.8(2.4) (0.35%) 0.2%
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SM prediction Experiment
. |
Qepunnab
PRL 131(2023) 16, 1618¢2
S s oo o o i -
s there need e __
for new '”"-%’?’3 030
measurements T B
. CMD-3-based
of hadronic it L e TR

I I Il i l i il I i . I i I
17.5 18 18.5 19 19.5 20 20.5 21
a, X 107 —1165900

cross sections?

Quest for next-generation experiments: reduce these error bars
Ultimate goal: Hadron data = Lattice QCD = MuONe

Large statistics Detector improvements

Improved MC generators for radiative corrections
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Inclusive

nEENIEnENIS

Ivan Logashenko (BINP)

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

o T (5) = 37 ena(s) Oba(s) = 3 &y (5) oy (8)
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

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%)
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Ivan Logashenko (BINP)

PRL88(2002)101802
PLB677(2009)239

CrystalBall

Gamma2

Markl

Pluto

BES (2000)

BES (2002)

BES (this work 2008)

@ x<o[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, partly published

FTCF2024-Guangzhou: e+e- into hadrons
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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
-] oy %
"5‘,,> B Compensating

solenoid

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

(TR 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 1 : g
¥¢ ADONE-MEA : :
3- :
t1 ] i
: \
bbb ] gt
il -
[ [ ]
TIATLECRURNLS LAt e, DR R
2 —
V|
M v ST pQC'D + Bruag J /1w 10(25)

| 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

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

Ivan Logashenko (BINP) FTCF2024-Guangzhou: e+e- into hadrons



BES-III

Ivan Logashenko (BINP)

. RPC: 8
RPC:9 Electro Magnetic ayers

Iayers Calorimeter

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

e+ ﬁﬁ I — { - - --—1- -—’

BEPC-II collider covers c.m.energy
range from 2 to 5 GeV
“ct-factory”
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BES-III

Ivan Logashenko (BINP)

3
1 + i *
B '||' :: T
| -+ » + ! w k1 :|
- 4 }
} i * + "
____.1,.--.-+--..+-...+.-,.L.+..f+..z.+.-+-.+-.T.?b; TN AR &
2 I
i e BESIII (this work) ® BES + YY2 A CrystalBall
= KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 I 1 1 I 1 1 1 1 I 1
2.5 3 3.5
(s (GeV)
Phys. Rev. Lett. 128, 062004 (2022)
Syst.error = 1.6 — 2.8%, stat.error < 0.4%
Discrepency with pQCD and KEDR?
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2.8

T T T
-------- pQCD

—=— Exclusive data combination

261 ) Transition pointiat 1.937 GeV - :nc:usive Ihighdd:ta | :
| | KEDR (2016) . ’
* BES(2000) . H
- - BES(2006) . :
= o BES(2002) « ¥ BES(2021) @
4 BES(2000) - I{EDR[EI]IH]E

a
o : i
. ]
s there o : :
1.80 1.85 1.90 1.95 2,00 2.05 2,10 215 2.20 a [

Vs [GeV] L 4 s

agreement : %s

between
inclusive and
exclusive?

&
—
M

[ using CMD-3, SND and BaBar data
== pQCD + J/fy and ¥(2S5) conributions
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BES-III:

expected soon

Ivan Logashenko (BINP)

DFG -]C’|U Cluster of Excellence +
BGS]]I NNNNNNNN GUTENBERG CJ PRISMA

UNIVERSITAT maNz

Status and Plans for

Experimental Inputs to
HVP at BESIII

Riccardo Aliberti

Seventh Plenary Workshop of the Muon g-2 Theory Initiative

KEK, 09.09.2024 ‘//:P\__

FTCF2024-Guangzhou: e+e- into hadrons
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BES-III:

expected soon

Ivan Logashenko (BINP)

BESIII Contributions to HVP

Published measurements:
* Time-like Pion Form Factor — 600 to 900 MeV — Phys.Lett.B753 (2016) 629
* R Measurement — 2 to 3.7 GeV — Phys. Rev. Lett. 128 (2022) 062004

* Several exclusive channels between 2 and 3 GeV
+r 0 0 ’
(', KK, Onm, n'm, ...) —

Preliminary results:
*ISRete >t m? —0.7 to 3 GeV —arXiv:1912.11208

ISR ete>m"mn’n® — 0.9to 3.3 GeV

_On going and future measurements:
*ISRete ->m*m — 0.3to1GeV (tagged) and > 1 GeV (untagged)

*ISRe*e ->KK — 1to 3.3 GeV (tagged and untagged)
* ISR R measurement — 0.3 to 2 GeV

* R measurement — 1.8 to 2 GeV (future)

09/09/2024 HVP AT BESIII

FTCF2024-Guangzhou: e+e- into hadrons
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ISR R Measurement below 2 GeV

New concept: Determine hadronic mass from ISR photon only

Simple selection criteria: ;

> 1 high energetic photon (E > 1.2 GeV) ;

° At (very) large angle (372-1439) =
B E S = I I I : ° At least 1 charged particle “‘Ef ]
inclusive R via o = DR e

Extremely high efficiency ARGt R N
I S R7 > Limited reliance on generators o

“» | After PID

Main backgrounds
> QED (Bhabha,di-muon)
> Non-ISR hadronic events

09/09/2024 HVP AT BESII 13
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BES-III:

inclusive R via
ISR?

Ivan Logashenko (BINP)

Events / 5 MeV

ISR R Measurement below 2 GeV

Detector

Ewvents / 5MeV

0-.0 ‘/_ 15
- ¥/ GeV
Unfolding !

Large smearing introduced by detector resolution

Apply unfolding technique to recover the “true” spectrum

Quantifying (eventual) bias introduced by unfolding

» Modify input cross sections for MC and look for changes after
unfolding to evaluated a, contribution

09/09/2024 HVP AT BESII 14
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Final remarks

Ivan Logashenko (BINP)

Measurement of R(s) remains very active field of research
It is required for number of precise tests, especially for (g-2) of muon

Precise measurement of R(s), both direct inclusive and ISR exclusive, will
remain an important task for future charm-tau factory even in ~10 years

The huge statistics of the future experiments will be important for reduction of
systematic errors:

* Detailed studies of detector efficiencies
* Detailed studies of radiative corrections (NNLO and beyond)
* Possibility to detect y through conversion

FTCF2024-Guangzhou: e+e- into hadrons
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Ivan Logashenko (BINP)

Backup slides
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Radiative

corrections

Ivan Logashenko (BINP)

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

FTCF2024-Guangzhou: e+e- into hadrons

Radiative processes

L
L
G

ISR FSR
Initial Final
state radiation
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Vacuum

polarization

Ivan Logashenko (BINP)

POV

d%(ete” -y - X) glete” - y* > X)

In a, calculation In experiment

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? — T1(g?%)). 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")
A = ——
Apaa(s) 37, 5'(s—s —i0) S

!

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

N T Y Y SV VS

ete” - X ete” - utu~ ete” »ete”
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: : 1
Dedicated experiment to measure HLO Q0

hadronic contribution in t-channel. a, = 7 / dr(1 — 5'3)Aahad[t($)]
0

Lautrup, Peterman, De Rafael, Phys. Rep. C3 (1972), 193

Letter of Intent: The MUonE Project, SPSC-1-252

~ 100 cm

10 cm

M2 muon beam

at CERN H € t Hadrons

E, =160 GeV [V
Be Si Si Si
Be (or C) target _ N Tra.cking system:
1.5 cm thickness 3 pairs of silicon strip detectors (CMS 2S modules)
e Hmuon filter

M2 u beam = 47,’;/ “Z"f'f_':‘j,,,,,,,,,,l 7777777 u chamber
160 GeVie - m
station #1  #2  #3 T #k 40 | I
ECAL 1

Measured: angular distribution of pe scattering; 4 - 1012 events!

Now: proof-of-concept data taking; final result after LHC LS3 (2029-)
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