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Proton Radius
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Proton Radius

2 frzp(r)dg”" Proton charge radius
P [ p(r)d3r  Motivation — Spatial charge distribution parameter

Measured through its interaction with charged particles —
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SLATEERING MMIEASUREMENTS
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Rosenbluth Deferential Cross Section
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SLATEERING MMIEASUREMENTS
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e Mott cross section can be extracted - (8, E, m;)
* Lepton energy post scatter (E') can be extracted - (0, E)
e Momentum Transfer (Q?) can be extracted - (,E, ")

« When Q? - 0 then GZ(Q?) is neglected
Measure Z—g, 4, E to extract G/
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SLATEERING MMIEASUREMENTS
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e Mott cross section can be extracted - (8, E, m;)

* Lepton energy post scatter (E') can be extracted - (0, E)
e Momentum Transfer (Q#) can be extracted - (6,E, ")

« When Q? - 0 then GZ(Q?) is neglected
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Proton Radius measurements

[r?2p(r)d3r dG2 m, +mp\°
S X AE

J p(r)adr _6dQZ |Q2=0




Proton Radius measurements

J r2p(r)d3r dG2
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Units are in fm (107> m)



Proton Radius Puzzle

rp = 0.841 £ 0.00039 fm

Delayed / prompt events (104
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Proton Radius mreasurements
Puzzle

2 pm)dr dG}
[ p(r)d3r ~°302

3
m; +m
oc< l P> AE,

Q*=0

mymp

&
- \
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roton Radius measurements
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Proton Radius mreasurements
Puzzle
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[r2p(r)d3r dG2 m,+mp\°
« (L TP) AR,

[ p(rd3r ~°30% lg2=0

* e and u determination do not always agree
* No up scattering
* MUSE is designed to test this directly

Units are in fm (107> m)



WHAT MUSE DOES
DIFFERENTLY?

Simultaneous ef, u* and * beam

Dual polarity beam: Lepton universality,

0.84fm

Two Photon Exchange (TPE)

/ do,
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Low-Q*# coverage range
(0.002 — 0.08 GeV?)
Systematics: Same apparatus, same target,

115 MeV/c range
== 153 MeV/c range
-~ 210 MeV/c range
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same kinematics
High precision

Scattering angle: 20 — 100 degrees (2 sides)
Fully blinded (more later) 15



WHAT MUSE DOES DIFFERENTLY?
SCATTERING EXPERIMENTS:

Low Energy/
Wlde Angles
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Muse Detectors Setup

Reminder, per lepton
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Particle ID
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Particle ID
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Scattering Angle 6
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Scattering Angle 6
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Scattering Angle 6
Vertex Reconstruction

XvsZ vertex, Data

Entrance ~ 100[
aperture 3 - -Blinded: Prelimifia
> - ., s ‘ot 1

60| TN

s0f-

20

oé—*

20f-

b

I Entrance’ v | g

80— Apetiue Exit Posts.

B e

Z (mm)

LH2 target reconstruction for p =-115 MeV/c




TWO PHOTONS EXCHANGE (TPE)

Two-Photon Exchange (TPE) is an additional term for cross-section amplitude

Can be extracted by et/e™ and u*/u~ scatter ratios
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TWO PHOTONS EXCHANGE (TPE)

Two-Photon Exchange (TPE) is an additional term for cross-section amplitude

Can be extracted by et/e™ and u*/u~ scatter ratios
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TWO PHOTONS EXCHANGE (TPE)

Two-Photon Exchange (TPE) is an additional term for cross-section amplitude

Will be extracted by et /e~ and u*/u~ scatter ratios
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RADIATIVE EFFECTS

Bremsstrahlung radiation - Accelerated charged particle emit radiation

Loss energy

2
Most effective when % « 1 Ratiois small (e, e*)

Most effective at large angles
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RADIATIVE EFFECTS @ MUSE

Done with calculation and measurements by
the calorimeter detector

Ilp - lpy

Important correction for the comparison of e
and u
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Blinding

—5(3 —6")(A+ 0.3B-cos(B +6"))

Changes Clusters of data
A =10.25,1],B = [3,10]
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—— Example Blinding Probability on Simulation — Blinded Data w/Dipole FF, r = -0.011 fm?
Blinded Sim. w/Dipole FF, r? = -0.006 fm?
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Example blinding distribution for data & simulation, Effect of blinding on Sachs electric form factor G, for MUSE data
=0.4 (0.8) andB=4.1 (7.2) Bernauer, 2023 & simulation
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Current Analysis Status
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Production data collected completed ~ 10%° events
Started final measurement period yesterday (systematics)
Final analysis stage

Will provide novel data (TPE, radiative correction)
Will provide measurements with 2(4) leptons

Accurate scattering measurements

Expected uncertainty below %1
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roton Radius measurements
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THANK YOU FOR
LISTENING!

Without a question, a goad
answer has ne place te geo.. ..
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