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Hardware

Proton radius 100 GeV muons high pressure active target TPC, —
measurement Hydrogen tracking stations o)
(SciFi, Silicon) g
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Protonradius puzzle

PRM

ep scattering MAMI 4

up spectroscopy CREMA A
All ep scattering data, no MAMI A
CODATA (2010) 1

up spectroscopy CREMA -
CODATA (2014)

ep spectroscopy

ep spectroscopy
CODATA (2018) 1

ep scattering MAMI -+

ep Spectroscopy

ep scattering JLab A

pp scattering AMBER -

ik

- Bernauer et al.. Al coll. [PRL 105 242001 (2010)]
ECALA
HCALA1

SM2
- Pohl et al., CREMA coll. [Nature 466 213 (2010)]

- Zhan et al. [PLB 705 59 (2011)]

- Mohr et al. [Rev. Mod. Phys. 84 1527 (2012)]

- Antognini et al., CREMA coll. [Science 339 417 (2013)]
- Mohr et al. [Rev. Mod. Phys. 88 035009 (2016)]

- Beyer et al. [Science 358 6359 (2017)]

- Fleurbaey et al. [PRL.120 183001 (2018)]

- Tiesinga et al. [Rev. Mod. Phys. 93 025010 (2021)]

- Mihovilovi¢ et al. [arXiv:1905.11182 (2019)]
- Bezginov et al. [Science 365 1007 (2019)]

- Xiong et al. [Nature 575, 147-150 (2019)]

Muon Filter 2

Muon Filter 1

\

RICH1

Missing muon-proton with E of 10-100GeV

- Proposal AMBER [SPSC-P-360 (2019)] A TeStOf |ept0n un'Versallty
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082

0.86
rp (fm)

0.84

® Hydrogen spectroscopy

Muonic hydrogen spectroscopy

@ Electron-Proton scattering
® CODATA Summary

® Proposal AMBER (arbitrarily placed in the center)

088

10.90

A Different systematiccomparedto others

Proton RadiusMeasurement@ AMBER

A Aimedprecisionof chargeradiusbelow 1%
A AimedQ-range 0.001Ge\¥/c2 to 0.040Ge\#/c?
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PRMvertexingrequirements

C Measurement of low(? elasticscattering events

approach Combinedmeasurementof low energetic
recoilprotonsandscatteredmuonsat smallscatteringangles

[ scintillating-fiber hodoscope I silicon-pixel detector [ High-pressure hydrogen time-projection chamber

A Hydrogenfilled TimeProjectionChambe(TPChsan ECAL2
activetargetto measurerecoil protons HCAL2

A Silicon trackers along long leaverarm to measure \
smallscatteringangles(<100u rad) T =

SM2

Targetarea
A

To

Scintillatingfibersfor timing (~1ns)andtracking

To

New continuouslyrunning DAQrequired

A Momentum measuremenbf scatteredmuon

- A Radiativebackgroundusingelectromagnetiaalorimeter

spectrometer

A Muon identificationwith muonfilter andhodoscope
— 18/10/2023 VERTEX 2023 | Vertexing design for PRM@AMBER

[ Helium-filled beam pipe

Muon Filter 2



PRMvertexingrequirements

9m

A

3.0m 25m

30m

Y

A
Y
A

A 4
A

Incident muon /

Y

Recoil proton

Scattered muon

PRM-SI01
PRM-FI02
PRM-S102
PRM-TPC

I PRM-FI01

A Planned beam rates-20 MHzm/s
A Todisentanglethe spacecoordinatesmeasuremeniat higherratesa hit

time associationwas proposed,and it was decidedto group SciFiand

Siliconsensor

A For the measurement of small angles, the material budget of the
trackers should be minimized

C We target a total material budget of3% X/Xin the vertexing
region resulting in ~30urad multiple scattering
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PRM-SI03
PRM-F103

Scintillating-fiber hodoscope M Silicon-pixel detector [ ] High-pressure hydrogen time-projection chamber

PRM-SI104
PRM-FI04

[ 1 Helium-filled beam pipe

UTS Material contribution

Efficiency € (%)

Hit time association Atsi = Sus
e g
.
< e

®— P1,0.5 mm

P2, 0.5 mm
P3,0.5 mm

Integrated X/X, (%)

X/Xo = 128 %

o

Beam rate (MHz)



PRMvertexingrequirements

P 30m o 25m o 30m o
Incident muon / Scattered muon

Recoil proton

PRM-SI01

PRM-FI102
PRM-S102
PRM-SI03
PRM-F103
PRM-S104
PRM-F104

I PRM-FI01
|:| PRM-TPC

Scintillating-fiber hodoscope M Silicon-pixel detector High-pressure hydrogen time-projection chamber [ ] Helium-filled beam pipe
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PRMvertexingrequirements
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PRMvertexingrequirements
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UTS concept & status

. . 1072107"10° 10
Silicon pixel detector Beam rate (kHz/mu-) m—
= LI s A

P e AT R B

(ALPIDE)and Scintillating :
Fiber Hodoscope (SFH) 2
combined in Unified |

y-position (cm)
o

TrackingStation(UTS)
24
Three layers of pixel P
detectors in combination R T
with  four planes of
SCIntIIlatI ngfl bres 15 UTS Material contribution
| X/Xo=128%
Reduced material = 101
. . e
budget in the active E
~10x10 crharea g 051 J T
0.0 = ALPIDE
He atmosphere & é\@il S SFH
7 v
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SFH design

.. . 8 00
A Four planes of square scintillating TGy —
fibers (500> Yedgelength, Kuraray 204998 995 w0 979
SCSHS) g
“5 1.04999 998 995 99.0
A 196 fibers per plane, active area of 2 05 {om0 95 997 903
~Ox9 cny £
024999 998 99.7 994 992 985 97.1
A Packagesontainingeightfiberseach b2 4 8 10 20 40

Beam rate (MHz)

A SiPMarrays HamamatsuSL33613050(8x8)

A / L ¢ L wikcfimnator,
IfTDCreadout

18/10/2023 VERTEX 2023 | Vertexing design for PRM@AMBER 11



SFH detector first results

2022

Improved prototype with
changesan SiPMcoupling,
fiber clamping and
assembly procedure for
two new detector planes
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Silicon (ALPIDE) detector design

A 15mm(Y) 30mm (X)sensor512x 1024pixels

A 2924x2688(X Y)> ¥ « i
A Thicknes$0>m \?\Q
A 1.2 Gb/sSerialDataport v

A FlexPCBwith 10um thick Al conductors

A 240um thermo-conductivecarbonfibre plate
A Heatexchangehroughwater cooling

Assembly order

A Gastight mechanics
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Some moments of the assembly
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Silicon (ALPIDE) detector status

Testmgqf the AL_P_IDEor Assembly of the FPC Assemblyon the carbonsupport
the runningconditions

= %9 A'- _‘.
g oo e o B |
g B E Planned within 2023 [l |
I Thermal test planned '
« w4 The MOSAIC DAQ has Y |
beenunderstoodbut the 2 Toolsdesignto be — - —

MHzare still to be tested Preparing mass production verified
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Combinationof slow and fast detectors
with a continuousreadoutand software

triggerlogicfor datareduction

DAQ concept

A Datastreamsortedin time slices

A Detector data ordered in time images
basedon to resolution

A Hardwareeventbuilder storesdata

FPGA

A Highlevel trigger selects

e
c . c ‘\Na(
time slices+images 5O\

New DAQhardware installed
testsare ongoing
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HLT

Triggered

readout

Trigger
Logic

Front-End

Data
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Event
Builder

_______ l;________

PC

‘ Storage/CDR

Hardware

Free-running
readout

Front-End

Layer 1
Data
Multiplexer

%

Hargiware
Filter Layer 2

| Data
Multiplexer

Timeslice
Builder

Storage

High-level
trigger

Permanent
storage/CDR
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