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is a new experiment to measure the
Hadronic Leading Order ( HLO)
contribution to the muon g-2 by using

Uw—+e— i+ e

elastic scattering

Outlook:
-  Physics Motivations
- Tools to perform the measurement

- The first testbeam (CERN)
-  Future plans and developments

L. Trentadue - QCD@Work 27 June 2018 Univ. Parma and INFN Milano Bicocca
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Historical Aside

This talk 1s about how to measure the Vacuum
( the hadronic contribution to )

Vacuum, since a long time ( 2500 years ), constitutes an
always present issue Iin Physics or, better; in Natural Sciences
Philosophy
Parmenides, Democritos, Leucippos,..... lorricelli, von
Guericke, Casimir; Schwinger, .. ...
to mention only a few until nowadays

X

Hadrons

In Quantum Field Theory, In the perturbative phase, Vacuum is
naturally represented by the vacuum polarization contribution



Vacuum Polarization makes dem running -
. (o i 'y FAVAVAY)
assuming a well defined "effective” value at any ~

scale
vacuum polarization and the "effective charge’ are
, . .. defined by: . a(0) ,
¢ =@ e oy )" Tag Ae=Te(Mig)-TI0)

A« takes contributions from leptonic and hadronic and gauge bosons
elementary states

Among these the non-perturbative A

Ao = A(Xleptonic + A(ng + Aana+ A top

o X




The physics motivations g — )
@,u — 9
The muon g-2 has been measured with high precision

as™P = 116592089(63) x 10~

G.W. Bennet et al., Phys. Rev. D/3(2006_072003
The Standard Model prediction gives:
a;™ =116591783(35) x 10~

~ Jegerlehner, MITP Workshop, 19-23 February 2018 Main:

Systematics of the measurement !
Systematics of the theoretical prediction ¢

New Physics !
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Comparisons of the SM predictions with the measured g-2 value:

E821 - Final Report: PRD73
ayEXP=116592091 (63) x 10-11 (2006) 072 with latest value

of A=pu/pp from CODATA’10

a,” x 1011 Aay, = a;*" —a
116591761 (57) 330 (85) x 10~1!
116591818 (51) 273 (81) x 10~ 11

116591 841 (58) 250 (86) x 101!

with the recent “conservative” hadronic light-by-light a HNLO(Ibl) = 102 (39) x
10" of F. Jegerlehner arXiv:1511.04473, and the hadronic leading-order of:

[1] Jegerlehner, arXiv:1511.04473.

[2] Davier, arXiv:1612:02743.
[3] Hagiwara et al, JPG38 (2011) 085003.

from M. Passera



The muon g-2 - The Hadronic contribution

Hadrons Central Error

1.0 GeV

1.0 GeV

y F. Jegerlehner and A. Nyffeler, Phys. Rept. 477 (2009) 1
K(s) = /ldr (1 2) o _ L 7 GiK(s)0®(s) = Q—Z/OC 4 K (s)R(s)
Jo 2 + (1 — xz)(s/m?) o 43 am2 -~ 3m2 am2 S |
aHHLO = 6870 (42)to0t X 1 0-11 F. Jegerlehner, arXiv:1511.04473 (includes BESIII 2r)
= 6926 (33)tot x 10-11 M. Davier, arXiv:1612.02743
= 6949 (37)exp (21)raa X 1011 Hagiwara et al, JPG 38 (2011) 085003

from M. Passera



Comparison between the
SM predictions and the
experimental
determinations

Theory parametrizations
DHMZ ( M.Davier et al. ) ,
HLMNT ( K. Hagiwara et al.
)

SMXX is the average of the
two previous values

BNL-E821 04 average is
the current experimental
value of ap

New (g-2) exp. is the same
central value with a fourfold
improved precision of future
g-2 experiments at
Fermilab and J-PARC.

rrrrerrepyrrerererprrrrprerrrp e el
| | | | | | |

DHMZ
180.2+4.9

HLMNT
182.815.0

BNL-E821 04 ave.

208.916.3

New (g-2) exp.
208.91t1.6

—A—

Frp i
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a -11 659 000 (10™°)

.From T. Blum et. al., “The Muon g-2 Theory Value: Present and Future” arXiv:1311.2198 [hep-ph]
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The physics motivations

will this possibly change In the next few years !

The present experimental error as from the BNL E821 is

da,,"P ~ 6.3 -107'°[0.54 ppm]

e
o
o0

O
O

T
S

O
o

The question is how to cope with such an
improvement from the theoretical side



The physics motivations g — 2

AaM(E:Ep — SM) ~28+8- 10~ 19

Within the framework of low-energy high precision measurements
the long-standing (~ 40)

discrepancy between the experimental value of the muon
anomalous magnetic moment and the Standard Model prediction

The accuracy of the SM prediction 5.10710

s imrted by strong interactions effects

The present error on the leading order hadronic
contribution to muon g — 2

5afLO ~ 4 .10 10

It constitutes the main uncertainty of the SM predictions



The physics motivations

In order to understand the discrepancy between the experimental
measurement and the Standard Model prediction It Is needed to
reduce the theoretical uncertainty to have a more precise determination

The largest contribution to the theoretical uncertainty comes
from the term Aapqaq which can be measured experimentally

More theoretical work is necessary: Radiative corrections, Lattice
evaluations, etc...

The Standard Dispersive Approach
to the evaluation of the HLO contribution to

the muon anomalous magnetic moment goes
back to the '60

12
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"*J\f\/\<

Optical Theorem

Im Mpaa(s) = op(s)

A

g2

HLO _ (amu)z [LOO dSK(S)Rhad(S)

2
mZ

- o(ete™ — hadrons)

olete™ = ptu~)

from F. Jegerlehner talk in Frascati March 23,2016



6 1 1 1 1 1 1 1 1 1 1 1
e'e” -> hadrohs
54 &
# !
H
‘_ | A
R, 13-
O Crystal Ball
A CMD2, SND APLUTO
+MEA * RESI|
2_
® yy2 LE
O BES Il % MD- 1
': O KEDR vDM2, BABAR  # DHHM
A 1 8B
a 1 B
ot g § a DASPII,CLEO, CUSB,MAC, CELLO, MARK J
.
N . . ._.......pQCO
\
o o BN S% 4% 3% 0.5%, 0.1% C5.4%  0.1%
o 48 & 3 G oA syst. errors
L1 Ge 2.0 GeV 0 2 4 6 8 10 12
2.0 Gel E (GeV)

from F. Jegerlehner talk in Frascati March 23,2016



Measurement of the running of Olem

A direct measurement of lem(s/t) in space/

. . . . () W¥'s Y's
time-like regions can show the running of 004 ———————
Lem(s/t)

It can provide a test of “duality” (far away 0.03
from resonances)
It has been done in past by few experiments 0.02 -

at ete- colliders by comparing a “well-

known" QED process with some = A
reference (obtained from data or MC) = o001 | hscl
< S R | PR || L | Altyaq (1)
2 — A0y,.4 (5)
9) 2 had
Of(q ) - Nsignal (q ) 0 -
2 2
a(q() ) Nnorm (qO )
001} s
Nsignal can be any QED process, muon pairs, etc... i
Nnorm can be Bhabha process, pure QED as yy
air production, a well as theory, or any other 00 Lt it A el
el P ! / 00%1 1 10 100

reference process.
> s, \—t (GeV)
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The alternative approach of using a space-like formula for the vacuum

polarization
87 L @7 L
HL B
Q100 = —/ dz (1 — )Ty (L)) = —/ dz (1 — ) Aapea(t(x))
T Jo T Jo
0 0
Hio Q@ dt 1—B - L« dt 1— 8.,
a# T (7_‘_) e Bt(]. _|_B) had(t) _ (7_‘_) e ﬁt(l +ﬁ) A&had(t(llj))
2,42
4m/% L . a(O)
5:\/1— ; t(x):_l_; O‘(t)_l—Aa(t)
v Aapqad(t) is the hadronic contribution to the
g running of o
t=—|ql’ Acanad(t) = Aa(t) — Aagey(t)
f: This may be obtained by using Bhabha scattering




Aai(t(z))

t] (1072 GeV?)
0.55 298 105 357 00

100 |

':/'r AOzlep (t)
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0.001 ' ' : :
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0

The smooth integrand function

t| (1072 GeV?)

0.55 2.98 10.5 35.7 00

0.

2 0.4 0.6 0.8 1
x

Tpeak = 0.914 tpeqr = —0.108 GeV?



2. Theoretical framework

The leading-order hadronic contribution to the muon g-2 is
given by the well-known formula [4,15]

o0

o ds .
a,° =— / — K(s) ImIThaq (s + i€), (1)
T S
0
where I1j,4(S) is the hadronic part of the photon vacuum polar-

ization, € > 0,

1

x2(1 —x)
Lo _O/ T a—nem) 2)

is a positive kernel function, and m, is the muon mass. As the
total cross section for hadron production in low-energy e*e~ anni-
hilations is related to the imaginary part of Ily,4(S) via the optical
theorem, the dispersion integral in Eq. (1) is computed integrat-
ing experimental time-like (s > 0) data up to a certain value of
s [2,18,19]. The high-energy tail of the integral is calculated using
perturbative QCD [20].

Alternatively, if we exchange the x and s integrations in Eq. (1)
we obtain [21]

1

a,’ = % fdx (x — 1) Mhag[t ()], (3)
0

where Mhaq(t) = Mhaa(t) — Mhaa(0) and



The space-like kinematics allows a

O direct comparison with the lattice
t(x) = £ <0 :
X — 1 evaluations

1S a space-like squared four-momentum. If we invert Eq. (4), we
get x= (1 — ) (t/2m3,), with g = (1 —4m?,/t)"/?, and from Eq. (3)
we obtain

0
HLO_g o p—1 zﬁ
a," = [nhad(t)(ﬂ+l) B (5)

Eq. (5) has been used for lattice QCD calculations of a;‘}o [22];
while the results are not yet competitive with those obtained with
the dispersive approach via time-like data, their errors are ex-
pected to decrease significantly in the next few years [23].

[22] C. Aubin, T. Blum, Phys. Rev. D 75 (2007) 114502;

P. Boyle et al., Phys. Rev. D 85 (2012) 074504;

X. Feng et al.,Phys. Rev. Lett. 107 (2011) 081802;

M. Della Morte et al. ,J. High Energy Phys. 1203 (2012) 055.
[23] T.Blum et al., PoS LATTICE 2012 (2012) 022.




To summarize

! 2
HIL.O 04 X 5
ai® =—= [ A=x,,( m? )dx

7T 0 1 — X
2 2 o

[ = allade” O<—-t<+ a,=(g-2)/2
x—1

= d (1 \/1 m‘z‘) 0 1
x_2m2 _ _ / = X< ﬁ

t =—ssin’ (=
(2)

Aa, (t)=-T1, (t) fort<O

mi )dx

1
o HLO 04 (1 A
. T { ) had( 1_ Y
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AN EXAMPLE OF A
SPACE-LIKE APPROACH



arX1v:hep-ph/0402211v1 19 Feb 2004

The running of the electromagnetic coupling «
in small-angle Bhabha scattering

A.B. Arbuzov
BLTP, Joint Institute for Nuclear Research, Dubna, 141980, Russia

D. Haidt
DESY, Notkestrasse 85 D-22603 Hamburg, Germany

C. Matteuzzi M. Paganoni
Dipartimento di Fisica, Universita di Milano-Bicocca
and
INFN-Milano, Piazza della Scienza 3, 20126 Milan, Italy

L. Trentadue*
Department of Physics, CERN Theory Division, 1211 Geneva 23, Switzerland

Abstract

A method to determine the running of o from a measurement of small-angle Bhabha scattering
is proposed and worked out. The method is suited to high statistics experiments at e e~ colliders,
which are equipped with luminometers in the appropriate angular region. A new simulation code
predicting small-angle Bhabha scattering 1s also presented.

A. Arbuzov, D. Haidt, C. Matteuzzi, M. Paganoni and L.T., Eur. Phys. J. C 34
(2004) 267



The method to measure the running of a exploits the fact that the cross section for the process
ete” — eTe” can be conveniently decomposed into three factors :

7= (5) arar) 3)

each one of them known with an accuracy of at least 0.1%

| st factor B
- do” _ 7TL’%RQ{BQ + B, + B;},

At 242
do® do® [a(0))?
A&t At \a(t))

_ (s (54 2c+c? 2(g2 + g2)(5+ 2¢ + ¢?)
Be = (t) {(1—H<t))2+5 (1 - T1(0))

- + £ (4(93 +92)° + (1 +0)%(gs + 92 + 69393)) }
The Born cross section

- 2(1+¢) (1—0)*(gs — 9a) + (1 + ©)*(97 + 9a)
contains all the soft and B = p-mpp * L TI(s)
virtual corrections + X*[(1-0)*(g5 — 92)* + (1 +¢)*(gy + g5 + 69292)]

1
(1 —1II(2))(1 — II(s))

£ X
" (gs+gz>(1_n(s)+1_n(t))

B; = 2%(1 +c)2{

+ (g% +66252 +g;‘)€x}



2
( a(t) ) Vacuum polarization effects

a(0) gives the running of alpha

(14 Ar(t))

with all the real and virtual effects not incorporated in the running of
alpha



s the Sommerfeld
2\ a(O) Oz(O) fine structure constant
a(q ) il 1 — Aa(qz) ) measured with a precision of

O(107?)

Aa(qQ) from loop contributions to the photon propagator



arX1v:hep-ex/0505072v3 23 Feb 2006

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH

CERN-PH-EP /2005-014
21 February 2005
Revised 28 June 2005

Measurement of the running of the
QED coupling in small-angle Bhabha
scattering at LEP

OPAL Collaboration
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Running of Olem
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A new possibility
Via

scattering
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pe — ue 1.3 x 107 /s
+ High intensity muon beam available in the CERN North Area E =150 GeV

- pure t-channel process d_g _ dog | a(l) ‘2
dt dt " «(0)
s~0.16 GeV* —0.14<t<0GeV? 0<z<093

« the 2 — 2 kinematics reads

2 2 2 i r
t 2mi-—-2m.[L., s my, +m;+2m. I, \/(Eit)z m2
rE
2 r '’ me
1+ r2c2 1 (Ee —me. a
k. m.——, 0. arccos | — \/ —_— ce = cosfe
1 rée: rV Fe | me

« 0 < 0. < 31.85 mrad «— 139.8 > 5. > 1 GeV +— —0.143 < ¢t << —10~ GeV?

300

,,;“" — differential cross-section at LO
= ! F,r"' l (including vacuum polarization)
E’ 200 - " ] as a function of 4,
1m0 e Same process can
Tt e ! be used for signal
= L - | : :
e and normalization
0 b= : : : : : :
.25 . T T T T T .
1.002 b, 1 — effect due to Awyua(l)
s, o 7O/ —» for instance the region
1.0C05 S 0e > 20 + 25 mrad can be used
1 i : - : . as normalization
N 5 n 15 A 25 an
#2b (mrad)

C.M. Carlien Calame (INFN, Pavia) a};][,o from space like data ADMP216 11/16




1.2

10-3,

0.8 |

Aa;md X 103

0.4 |

0.2

Y Y 1 -

’ I:O Cross ;ection

Achad X 10° ——
Signal
~10-5<Aq, <103
Normalization
Aa, ., <~107

N oo 1) N

o lb 115 — 210 25 Z;O
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very important

m momentum =1 VvV
5 «=0928, E = 130.7 GeV Muon beam momentu 50 Ge

Muon scattering angle (mrad)
N

N
05
YAs

40 50
Electron scattering angle (mrad)



Detector design/optimization

----- I o = | M

p

Calorimeter

* Electromagnetic calorimeter needed to:

— Perform the PID: muon/electron discrimination.

* PID capabilities also reconstructing the electromagnetic shower in
the tracking system.

— Triggering : (muon in) AND (ECAL E > Ey)

* There is an alternative trigger condition: (muon in) AND (2 prongs
into a given module)

* Establish how to measure E_ in order to get rid of
events with electron energy below 1 GeV

U. Marconi at the CSN1 May 2017



Si Si Si

i s SRR

M filter
ECAL

100mrad
acceptance

) Initial muons have to be tagged with their direction and momentum
i) 60 Be (C) layers interfaced with Si planes spaced by |m air gap modularly spaced
) The use of a low Z material in order to reduce multiple scattering and background
iv) A final EM calorimeter to discriminate e/mu at small angles ( 2-3 mrad )



Statistics
wbeam 1.3 x10°u/s for 2x107s/yr

statistical precision
0.3% in 2 yrs running

2 x 10*% events/yr

Systematics

many effects have to be under control:

efficiencies (uniformity, acceptance, tracking, trigger, PID)

alignment of the Si planes, uncertainties in vertex location, incoming muon
momentum, effect of multiple scattering (different in “control” and “signal”
regions) ....coevevvvieenennnnnn. (many others, can be studied with data
themselves).

Theory

Electroweak radiative corrections ( including subleading logaritmic and mass
contributions) have to be under control at the NNLO accuracy



This 1dea has
"Physics Beyo

been p

nd Col

roposed |

ider Wor

n 2016 at the

<shop™ at CERN

- The idea has been presented in 2016 to the “Physics Beyond Collider Study Group”

- C. Matteuzzi and G. Venanzoni are members of the board as the experiment representatives.

-+ Physics Beyond Collider Study Group will select in fall 2018 experiments aiming to:

- Enrich and diversify the CERN scientific program:
Exploit the unique opportunities offered by CERN’s accelerator complex and scientific infrastructure
Complement the laboratory’s collider programme (LHC, HL-LHC and possible future colliders).
The scientific findings will be collected in a report to be delivered by the end of 2018.

This document will also serve as input to the next update of the European Strategy for Particle Physics.

Also proposed to the INFN NSCI in 2017/ and 2018



Theory

Our final TH goal: a running MC for the ratio of the SM cross sections in the signal
and normalization regions below, at the level, of 10ppm

Muon-electron scattering: theory progress Hﬁ

® NLO QED corrections known & checked. MC @ NLO ready
and tailored to the fixed target kinematics.

Pavia Group

- - - - -
u M M m "

et

@ NNLO: Missing Ml for the planar 2-loop box diagrams computed.

=

Y S Mastrolia, MP, Primo &
Ak, \ S Schubert, arXiv:1709.07435.

— -

Ncn-planar: not yett

@ NNLO amplitudes: virtual 2-loop, real-virtual, double real,

automation, subtractions... Mastrclia, Cssola, MP, 2rimc, Schubert, Torres
@ NNLO hadronic contributions Feel, MP
® Fixed-order NNLO + Resummation Broggio, Signcr, Ulrich
® Towards a MC at NNLO Pavia group, Czyz
@ Interplay with lattice calculations Marinkovi¢

M.Passera CERN-PBC March2 201€ 9



Theory (2)

2nd MUonE theory workshop: Mainz - Feb 2018 LLe

1st MUonE theory workshop: Padova - Sep 2017 He “7‘:*.':"."".:" TR U L
: ¥ ’é‘«'e“s gl

b
ersd

. Muon-electron scattering:
4“"" Theory kickoff workshop

29y
" 4-5 September 2017

https://agenda.infn.it/internalPage.py?pageld=0&confld=13774

The sim af the worcahop (s o expiore the opporturities offered By & recart propase far @ new eapenmeant
at CEAN to messure the scattering of 2igh-energy mucrx on stormic slectrans of ¢ ow-I target Srough
e process pe-«e. The focus wil e on e theoretice predictiors secessary for thia scattering groceas,
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00, TS LhofY wirk s 15 MIended 10 STIMUDIE Mew idspe I « pond
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Unversity
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Carta Cartory Calamw - INFN Pavia
Rerpaodo Mol - U, Padewd
G 00 Mamaea - U %ava

Qopsie NCrosiel - INFN P

anoe Raas - U Rdow
Masuma Pavers - NFN Padovs (Char)
Fuvio Pecininl - INFN Pavia
Luca Trertades - U Parrra

Mainz Institute for
Theoretical Physics

kP s

SCIENTIFIC PROGRAMS TOPICAL WORKSHOPS \

Secretanat
Al Dala Voo, INFR-Sez. PO « 33045957022 v
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Next theory workshop in Zurich - Feb 2019

from U. Marconi



Just a few days ago !

Master integrals for the NNLO virtual corrections to
ue scattering in QED: the non-planar graphs

Stefano Di Vita,” Stefano Laporta,’¢ Pierpaolo Mastrolia,””¢ Amedeo Primo,? Ulrich
Schubert®

“INFN, Sezione di Milano, Via Celoria 16, 20133 Milano, Italy

b Dipartimento di Fisica ed Astronomia, Universita di Padova, Via Marzolo 8, 35131 Padova, Italy
¢ INFN, Sezione di Padova, Via Marzolo 8, 35131 Padova, Italy

4 Department of Physics, University of Ziirich, CH-8057 Zirich, Switzerland

©High Energy Physics Division, Argonne National Laboratory, Argonne, IL 60439, USA

E-mail: stefano.divita@mi.infn.it, stefano.laporta@pd.infn.it,
pierpaolo.mastrolia@pd.infn.it, aprimo@physik.uzh.ch,

schubertmielnik®@anl.gov

ABSTRACT: We evaluate the master integrals for the two-loop non-planar box-diagrams
contributing to the elastic scattering of muons and electrons at next-to-next-to-leading
order in QED. We adopt the method of differential equations and the Magnus exponential to
determine a canonical set of integrals, finally expressed as a Taylor series around four space-
time dimensions, with coefficients written as combination of generalised polylogarithms.
The electron is treated as massless, while we retain full dependence on the muon mass.
The considered integrals are also relevant for crossing-related processes, such as di-muon
production at eTe™ colliders, as well as for the QCD corrections to top-pair production
at hadron colliders. In particular our results, together with the planar master integrals
recentely computed, represent the complete set of functions needed for the evaluation
of the two-loop virtual next-to-next-to-leading order QED corrections to ey — ep and
ete” = putu™.



Master integrals for the NNLO virtual corrections to
ue scattering in QED: the non-planar graphs

Stefano Di Vita,® Stefano Laporta,’¢ Pierpaolo Mastrolia,’ Amedeo Primo,? Ulrich
Schubert®

ABSTRACT: We evaluate the master integrals for the two-loop non-planar box-diagrams
contributing to the elastic scattering of muons and electrons at next-to-next-to-leading
order in QED. We adopt the method of differential equations and the Magnus exponential to
determine a canonical set of integrals, finally expressed as a Taylor series around four space-
time dimensions, with coefficients written as combination of generalised polylogarithms.
The electron is treated as massless, while we retain full dependence on the muon mass.
The considered integrals are also relevant for crossing-related processes, such as di-muon
production at eTe~ colliders, as well as for the QCD corrections to top-pair production
at hadron colliders. In particular our results, together with the planar master integrals
recently computed, represent the complete set of functions needed for the evaluation of the

two-loop virtual next-to-next-to-leading order QED corrections to ey — ep and ete™ —

prp

arX1v:1806.08241v1 [hep-ph]



TEST Beams 2017/2018
at CERN



2017 Test Beam Goals

* Measure the effect of low Z materials on high
energy electrons and check GEANT4 simulations.

* Carbon targets of various thickness: 4 to 20 mm
* Electron beams of 12 GeV and 20 GeV

* Detector response measured directly
(by taking data removing the target)

* Detector alignment with high-energy pions and
muons

* Run with muon beam to possibly detect elastic
scattering events.

from U. Marconi



Test Beam 2017: the setup

* We used the UA9 tracking system to record scattering data

* Alignment, tracking, pattern recognition done by ourselves
starting from scratch

* Geantd simulation is an evolving subject: again developed from

scratch
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2017 Test Beam setup and target

Thanks to the UA9 Collaboration
(particularly M. Garattini, R. laconageli,
M. Pesaresi), J. Bernhard

from U. Marconi



2017 Test Beam Result

Evidence of the elastic scattering

7\ — elasticity E, = 160 GeV
0.003 j—\. * Test Beam preliminary data 2017
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160 GeV muon beam, 8 mm C target
Golden selection: single track in and two tracks out

from U. Marconi



Diffusion angle [-2,2] mrad

-
<

-
ou

——test beam
——geant4

1

2,
a

5 ,{'}IIIIIII L AL

i | i " | "
00006 0 00005

Diffusion angle [-2,2] mrad

o

—
-

W

.
N

]| LLL! ILLLLY UYL

1

'S

-

S
<o

e o
~

=]
m

R[TTT IIIIIIIII LWL

....................................................................................................................................................................................................................................

=)
A

11

108

20mm, 12 GeV

108

104

L) LA LL

083

096

084

092

s

,r{
a
|
1

....................................................................................................................................................................................................................................

bt LY L ALLLY LR LT

o

from U. Marconi



8mm, 20 GeV

from U. Marconi
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Test Beam 2018

* COMPASS uses hadron beams. Muon beams are used
for alignment and calibration once per 1 - 2 weeks

* We can use both muons beams and muons from pion
decays.
— This implies being able to run from April to October.

* Main objectives
— Select elastic events

— Effects of the muon beam momentum mean and
resolution

— Measure the tracking efficiency uniformity versus the
scattering angle.

— Measure the relation angle-energy of the scattered
electrons.

from U. Marconi



Setup located in the North Area

" Test Beam 2018

EHNZ2 Test Beams 2018

* MUonE: Measure pe scattering on 2 target modules with Sicon
instrumentation + 1 EM calorimeter. Total length ~ 3m.

+ Compass TPC: Measure up scattering in high pressure TPC +
Silicon telescope
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Tentative timeline of the project

- Studies with Geant4 ( underway )

- Detector geometry, number of planes,
thickness, calorimeter for pid,...

- Test beam 2018 ( muons ) 2019 ( electrons )
- Assemble the detector -> 2020

- Start to collect data 2021



* We propose to measure muon electron scattering by using the muon
beam in the CERN North Area ( 150 GeV ) to extract the space-like
quark vacuum polarization

* This measurement will allow to obtain the leading hadronic contribution
to the g-2 in a new independent way and will constitute a crosscheck
with previous time-like determinations and with the lattice results

* The goal is to determine the origin of the presently observed
discrepancy between experiments and Standard Model predictions of
the g-2 and the origin if within SM or if it could be attributed to BSM

physics



The End



