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The Proton Radius Puzzle: Are We Still Puzzled?
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The Proton Radius Puzzle: Are We Still Puzzled?

Spectroscopy of electronic Atoms and lons:

= NPL, London: 2S-6S/D in atomic hydrogen
* MPQ, Garching:

= 25-4P in atomic hydrogen gg-qg i .
= 18-3S in atomic hydrogen 25 - 2P H a
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New Radius Result:
MPQ

Beyer et al.
Science 358, 79-85 (2017)
6 October 2017
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Physics Update: The Need for MUSE

Muon scattering ??? electron scattering
N . N
Muonic-H spectroscopy H spectroscopy
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MUSE

0 =20 -100°
Q%= 0.002 — 0.07 GeV?
3.3 MHz total beam flux

=2 —-15% W's
~10-98% e’s
~(0—-80% m's
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Beam Hodoscope

Parameter |Performance Requirement Achieved
mtion <100 ps / plane v 80 ps

Efficiency 99% v 99.8%

Positioning ~1 mm, ~1 mr not attempted; easy — calibrated by data

Rate Capability

3.3 MHz / plane

v >10 MHz / plane

a Two planes constructed, two will be built in Spring
a Four planes @ 210 MeV; 3 @ 153 MeV; 2 @ 115 MeV
a SiPMs radiation damage tested — not problematic
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Beam Hodoscope

Counts
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SiPM hodoscope
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Beam Hodoscope — November 2017
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GEM

Parameter |Performance Requirement Achieved
Resolution 100 xm/ element v 70 pm
Efficiency 98% v 98%
Positioning ~0.1 mm, ~0.2 mr planned
Rate Capability 3.3 MHz / plane v 5 MHz
Readout Speed| 2 kHz/20% deadtime |1.5 kHz/100% deadtime




Target

Parameter Performance Requirement Achieved?

Liquid hydrogen maintain liquid hydrogen-filled |not attempted:;

cell at T=19 k and P~1 atm moderate

Cool down time < 3 days v’ achieved;
< 2 hours!
Beam entrance window >6 Ccm v’ achieved;
easy
EXxit window(s) 207 <0 < 100%; v’ achieved;
(One continuous or two ¢ = 0° +45° at § = 60° challenging
symmetric on beam beam up-down and

left and beam right) beam left-right symmetry




final LH, cell Target ladder connected
atAP=2bar& 77K

to lifting lid
T K

Cryocooler
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Target Cool-Down Curve from 12.02.2018!

Liquid Neon Cool Down
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Straw Tube Tracker
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GenFit: 120pm residuals
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Parameter Performance Requirement Achieved
Position Resolution 150 pm v <120 pm
Efficiency 99.8% tracking ~ 99% in prototype; moderate
Positioning ~0.1 mm, 0.2 mrin ¢ not attempted; moderate
Positioning ~0.5 mr pitch, yaw, roll not attempted; moderate
Positioning 50 xm wire spacing v' 35um achieved in dress rehearsal
Rate Capability 0.5 MHz v" achieved in dress rehearsal

B |




Straw Tube Tracker

op ' ] [CeebEiTRe | Total Drift Time
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Scattered Particle Scintillators

Parameter Performance Requirement Achieved
Time Resolution ~60 ps/ plane v 55 ps
Efficiency 99%, < 1% paddle to paddle v' 99%, paddle to paddle not
uncertainty attempted, moderate
Positioning ~1 mm, =1 mr not attempted; easy

Rate Capability

0.5 MHz / paddle

v 1 MHz
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Scattered Particle Scintillators

a One complete side mounted at PSI

2 Time resolution exceeds requirements:
v o (front) < 50ps
v o (rear) < 60ps

"
-
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e

—e— SC219:6=543+02ps
L =220 cm

Time Resolution (ps)
3

Example time-resolution results from

cosmic-ray measurements at USC
- a _a - l PR - = l A A A A
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Rear scintillator wall

mounted at PSI




Scattered Particle Scintillators

SPS nght Front and Reagw _; "
mounted at PSI, Decen 17




Beam Monitor

Parameter Performance Requirement Achieved
Time Resolution < 100 ps/ paddle (bar) v 60 ps (30 ps)

Efficiency 99% v 99.8%

Positioning ~1 mm, ~1 mr not attempted; easy

Rate Capability

3.3 MHz / plane

not attempted; easy
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Beam Monitor Scintillators

Time resolution measured at USC
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Beam Monitor Thin Scintillator SiPM Detectors

S O 0 0 0 0 D o
e p— ——

SiPM or  Efficiency

1 |S13360-3075PE 59 ps = 99.9%

2 |S13360-3050PE 60 ps = 99.7%

3 |AdvanSiD 65 ps  99.0%




Beam Monitor

Guy—temporary installation

= |

Scintillator Walls ’
W /. 4 NG

In 2018 we plan to assemble the full experiment



Crane-able Platform

Total Deflection [mm]

A: Static Structural
Total Deformation
Type: Total Deformation

Unit: mm
Time: 1 .
257901 v 2 Design by Argonne
0.5 .
s a Passed stress analysis
0:3125
0.25
0.1875
0.125
0.0625
0 Min
. Stress in Plates [MPa]
A: Static Structural
Equivalent Stress
X Type: Equivalent (von-Mises) Stress

Unit: MPa
Time: 1
Custom Obsolete

11.006 Max
9.7835

8.5606

73377

6.1148

4.892

3.6691

24462

1.2233
0.00044281 Min

Re'Rer MusSE Schedule




MUSE Beamtime Request: Inputs

a Long term MUSE request: 12 months of production data

a Moderate confidence we can be ready July 15t 2018
o Limiting factor: new STT readout card production timeline
o Should have more certainty by April 15th

a Studied MUSE installation / de-installation
o Remove MUSE platform from the hall: 3 days

o Move MUSE into the hall and get ready to take beam:
14 days (including target cool-down and straw alignment
measurement)
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MUSE Beamtime Request: Conclusion
a Plan: set up MUSE on platform in PiM1 April — June 2018

a Requested and preferred (single installation):
o July 23rdst: 2 wks reinstallation + 2 wks of debugging time
o September 15t 4 months of production data

a Alternate scenario (assumes already set up in PiM1):
o July 18t: 2 wks of debugging time + 2 wks test data

o September 15t 2 wks reinstallation +
3.5 months of production data

a Lose 215 days each installation / de-installation cycle
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