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Historically r, measured via ep scattering e~ e~
(dT%)red = EG[E-(Qz) + TG,%/,(Qz)

® G related to charge distribution,

Ge(0) = 1 !
® Gy related to magnetic distribution,
Gm(0) = pp
) + +
o _  dGE(QY) P P
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electrons:  0.8770 + 0.0045 fm (CODATA2010+Zhan et al.)
muons: 0.8409 + 0.0004 fm

up 2013 ¢ — e electron avg.

scatt. JLab

up 2010 fre —— & —— scatt. Mainz
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R. Pohl et al., Nature 466, 213 (2010) Proton charge radius (fm)
A. Antognini et al., Science 339, 417 (2013)
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Beyond the standard model physics

Two photon exchange/hadronic structure
effect

Extrapolation Uncertainty

Experimental Error

BNLg2 —+———e—+

FNAL g2 +——@——+

.

Standard Model Experiment
Average
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https://doi.org/10.1103/PhysRevLett.126.141801
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https://arxiv.org/pdf/2103.11769.pdf
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https://doi.org/10.1103/PhysRevLett.126.141801
https://arxiv.org/pdf/2103.11769.pdf

rp (fm) ep Up
Spectroscopy | 0.877 £0.007 | 0.841 £ 0.0004
Scattering 0.875 4+ 0.006 77

No high precision muon-proton scattering experiment to date

Highly desirable to perform another electron-proton scattering experiment
® Measure two-photon exchange in muons and electrons
MUSE!
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| Paul Scherrer Institute =

: Villigen, Switzerland

HIPA provides 590 MeV protons
® 2.2 mA current
World’s most powerful continuous proton beam

PiM1 secondary beam line
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® Secondary beam line with e’s, u's, and
T's

Scattered Particle ’ '
Scintillator (SPS)

Y “ . .
\A\}}h\\ ® Can select positive or negative charge

polarities

1
il
Straw-Tube . .
\ j recker st ® Measure incoming beam event by event
PRk }\

® Use RF signal for PID

® Veto 7's in the trigger, accept e's and pu's

® Active Veto to reject decay events

N / T. Rostomyan et al., Timing Detectors with
SiPM read-out for the MUSE Experiment at
PSI, NIM A

P. Roy et al., A Liquid Hydrogen Target for

the MUSE Experiment at PSI, NIM A
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Quantity Coverage

Beam momenta 115, 160, 210 MeV/c
Scattering angle range 20° - 100°
Azimuthal coverage 30% of 27 typical

€ 0.26 — 0.94

Q? range for electrons | 0.0016 GeV? - 0.0820 GeV?
Q? range for muons 0.0016 GeV? - 0.0799 GeV?2

Simultaneous elastic ep and up scattering — can test lepton universality
® Can measure both lepton charge polarities — direct test of two photon exchange effect

® Some systematic uncertainties cancel in comparisons

Precisely capture difference in cross sections and in radii
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® First high precision measurement of up scattering for TPE and at precision necessary to
inform PRP

® Direct comparison between ep and pp scattering at cross section level to test rad. corr.
and lepton universality

® | ow energy mp scattering important for yPT

® Search for o(ntp)/o (7~ p) resonances
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® TPE leading explanation for proton form

factor ratio discrepancy 1.05 1=
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® More data needed
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OLYMPUS Ry, = 0.+ /0.~ measurement”.

*B. S. Henderson et al. (OLYMPUS Collaboration) Phys. Rev. Lett. 118, 092501 — Published 3

March 2017
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Mainz fit, forced r, = 0.841 fm
Arrington 07

Alarcon 19, 7, = 0.841 fm
MUSE data uncertainty on Gg
Projected MUSE uncertainty
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® Proton Radius Puzzle remains unsolved

MUSE uniquely suited to address the puzzle

® MUSE can precisely measure difference between extracted radii

® Wide variety of interesting physics possible

® Two recent theses: E. C. (beam properties), |. Lavrukhin (pion scattering)

T. Rostomyan et al., Timing Detectors with SiPM read-out for the MUSE Experiment at PSI,
https://doi.org/10.1016/j.nima.2020.164801

P. Roy et al., A Liquid Hydrogen Target for the MUSE Experiment at PSI,
https://doi.org/10.1016/j.nima.2019.162874

R. Gilman et al., Technical Design Report for the Paul Scherrer Institute Experiment
R-12-01.1: Studying the Proton “Radius” Puzzle with up Elastic Scattering,
https://arxiv.org/abs/1709.09753

E. O. Cohen et al., Development of a scintillating-fiber beam detector for the MUSE
experiment, https://doi.org/10.1016/j.nima.2016.01.044
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https://doi.org/10.1016/j.nima.2020.164801
https://doi.org/10.1016/j.nima.2019.162874
https://arxiv.org/abs/1709.09753
https://doi.org/10.1016/j.nima.2016.01.044

Back up
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Uncertainty angular distribution | u/e +/-
(%) (%) (%)
Detector efficiencies 0.1 0.1 0.1
Solid angle 0.1 small small
Scattering angle offset 0.2 small small
Multiple scattering 0.15 small small
Beam momentum offset 0.1 0.1 0.1
Radiative correction 0.1 (u), 0.5 (e) 0.5 | 1y small
Magnetic contribution 0.15 small small
Subtraction of u decay 0.1 0.1 small
Target Subtraction 0.3 small small
Beam PID 0.1 0.1 0.1
TOTAL 0.5 (1), 0.7 (e) 0.5 0.2
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® Designed as pion beam line

QL Ag-457,

Z ® Muons from weak decays 7+ — ,uiz/ﬂ

| o 12-8600
o .o ® Electrons from 7% — ~~ followed by
5 12-69 o .

‘ vC — eTe~ X and Dalitz decays

QSL 14-6085

s 133 70 — ete vy

T P
\

® Pions and electrons have point-like source

QoL 112561

cp 11-1721 .
el ® Muons have an extended source size
pSM 11-0

® Intermediate Focal Point (IFP) (PS-12)

® 7cm/% dispersion in x

P-Strehl, o
® 21 cm wide

TLSJE’J"‘L e ﬂuii‘é&?,mg

Disknz |Cnkid B3 &8 - Puvek Pt |40 ' 369,678 | . )

[Diskne [l oo ~AaikosC@| B 888 | ® Can select momentum bite with copper
collimator
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PARTICLE FLUXES IN 7M1

[T T

\
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PARTICLES PER SECOND / 200 uA

T T :
100 200 300 400 500
PARTICLE MOMENTUM (MeV /c)

Time: 30—-IUN-87 18:35:01
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PiM1 TRANSPORT

HOCHENERG E- VERSI ON VON PML M T ZWEI TEM QTB 0
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