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Additional

Hardware

Proton radius 100 GeV muons high pressure active target TPC, —
measurement Hydrogen tracking stations o)
(SciFi, Silicon) g
Antiproton 50 GeV - 280 GeV LH;, LHe Liquid He target ) e
production cross gt ul 8 o
section P %
Drell-Yan 190 GeV charged Carbon, Tungsten o —
measurements with JJ15 vertex detector

~'1 0 GV charge' 7
measurements with Ji€lJi13
Kaons

Prompt photon
measurements

> 100 GeV charged
Kaon/pion beams

K-induced
spectroscopy

50 GeV - 100 GeV LH:
charged Kaons

Meson radii 50 GeV to 280 GeV |
charged pions and_,

Kaons
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Proton-radius puzzle

PRM

ep scattering MAMI 4

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

up spectroscopy CREMA -
CODATA (2014)

ep spectroscopy

ep spectroscopy
CODATA (2018) 1

ep scattering MAMI -+

ep Spectroscopy

ep scattering JLab A

pp scattering AMBER -
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A - Bernauer et al.. Al coll. [PRL 105 242001 (2010)]
- Pohl et al., CREMA coll. [Nature 466 213 (2010)]
A - Zhan et al. [PLB 705 59 (2011)]
v - Mohr et al. [Rev. Mod. Phys. 84 1527 (2012)] SM1 Muon Filter 2
- 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)] TPC\ ‘
o - Fleurbaey et al. [PRL.120 183001 (2018)] \,  Muon Filter 1
v - Tiesinga et al. [Rev. Mod. Phys. 93 025010 (2021)] RICH!
A - Mihovilovic et al. [arXiv:1905.11182 (2019)]
° - Bezginov et al. [Science 365 1007 (2019)] Missing: muon_proton W|th E}._l Of 10 - 100 GeV
A - Xiong et al. [Nature 575, 147-150 (2019)]
o L Proposal AMBER [SPSC-P-360 (2019)] * Test of lepton universality
0.82 0.84 r‘.f)ﬁl?ﬂ 0.88 0.90 » Different systematics compared to others
® Hydrogen spectroscopy
Muonic hydrogen spectroscopy
® Electron-Proton scattering Proton Radius Measurement @ AMBER
® CODATA Summary
® Proposal AMBER (arbitrarily placed in the center) e Aimed precision of charge-radius below 1%

» Aimed Q?-range: 0.001 GeV?/c? to 0.040 GeV?/c?
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PRM vertexing requirements

J Measurement of low-Q? elastic-scattering events

approach: Combined measurement of low energetic
recoil-protons and scattered muons at small scattering-angles.

[ scintillating-fiber hodoscope I silicon-pixel detector [ High-pressure hydrogen time-projection chamber [ Helium-filled beam pipe

Target area

spectrometer

* Hydrogen filled Time-Projection-Chamber (TPC) as an
active target to measure recoil protons
e Silicon trackers along long leaver-arm to measure
small scattering-angles (<100 /irad) ECALT  sm2
» Scintillating fibers for timing (~1ns) and tracking
_* New continuously-running DAQ required s Muon Filter 2
* Momentum measurement of scattered muon
-+ Radiative background using electromagnetic calorimeter \_  Muon Fier 1
RICH1
* Muon identification with muon filter and hodoscope

— 18/10/2023 VERTEX 2023 | Vertexing design for PRM@AMBER 5



PRM vertexing requirements

9m

A

3.0m 25m

30m

Y

A
A /
A
A 4

Incident muon

A

Recoil proton

PRM-SI01
PRM-FI102
PRM-S102
PRM-TPC

I Silicon-pixel detector

I PRM-FI01

Scintillating-fiber hodoscope

Planned beam rates 2-10 MHz /.4/s

To disentangle the space coordinates measurement at higher rates a hit
time association was proposed, and it was decided to group SciFi and
Silicon sensor

Efficiency € (%)

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

L We target a total material budget of 3-5% X/X, in the vertexing
region resulting in ~30urad multiple scattering
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PRM-SI03

Y

Scattered muon

PRM-F103

[ 1 High-pressure hydrogen time-projection chamber

Hit time association Atsi = Sus
1007 g=g o g
J e ® e
. ® . e
. .
T [ ]
90
1 ]
®
801 - PL,0.5mm
| P2, 0.5 mm
& P3,0.5mm
®
10° 10!
Beam rate (MHz)
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PRM-SI104
PRM-FI04

[ 1 Helium-filled beam pipe

Integrated X/X, (%)

UTS Material contribution

1.5

X/Xo = 128 %

0.5
0.0 T T T T T T T
BESER SAR  S S O R
& N FFE FE &
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PRM vertexing requirements

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

Recoil proton

S S 8 & £ 8 8 S 3

L 9@ b @ Y R L4 @ uw

s =S = = s = s =

X o X o 04 X o xr o

o o o o o o o a o
T Scintillating-fiber hodoscope M Silicon-pixel detector [ ] High-pressure hydrogen time-projection chamber [ ] Helium-filled beam pipe
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PRM vertexing requirements

9m

A

3.0m

25m

30m

A

Incident muon

Y
A
Y
A
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Scattered muon

< —_— £ - &
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PRM vertexing requirements

9m

A

3.0m

25m

30m
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Incident muon

Y
A
Y
A
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Scattered muon

< —_— £ - &
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UTS concept & status

1072107 10° 10!
* Silicon  pixel  detector Beam rate (kHz/mn ) immime
(ALPIDE) and Scintillating- SR Bk
Fiber Hodoscope (SFH) -~ W
combined  in  Unified :,
Tracking Station (UTS) z )
= o .
* Three layers of pixel P
. . . -5 -2 0 2 o)
detectors in combination »-position (cm)
with  four planes of
SCintillating ﬁbres L5 UTS Material contribution
| X/ Xo=128% ..
_ S
* Reduced material = 10
. . >
budget in the active E
~10x10 cm? area g 051 T
00— ALPIDE
* He atmosphere S & FF S S E S
p Q\& Q\x\i é‘i;QQQQ& N Q,Q;Q@Q 4:39 SFH
<
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SFH design

. . . ) 85 100
Four planes of square scintillating Efficiency & (%) ||
fibers (500 um edge length, Kuraray 204998 995 990 979
SCSF-78) g
‘5 1.04999 998 995 99.0
g
196 fibers per plane, active area of £ (54999 w3 997 w3
~9x9 cm? £
024999 998 99.7 994 992 985 97.1
Packages containing eight fibers each b2 4 8 10 20 40

Beam rate (MHz)

SiPM arrays: Hamamatsu S13361-3050 (8x8)

CITIROC's discriminator,
ifTDC readout

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



SFH detector first results

2022

Improved prototype with
changes in SiPM coupling,
fiber clamping and
assembly procedure for
two new detector planes
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Silicon (ALPIDE) detector design

e 15 mm (Y) x 30 mm (X) sensor, 512 x 1024 pixels
+ 29.24 % 26.88 (X X Y) pm?
0<<’
\?\
v

* Thickness 50 um

* 1.2 Gb/s Serial Data port

* Flex PCB with 10um thick Al conductors

e 240 um thermo-conductive carbon fibre plate

* Heat exchange through water cooling

Assembly order

e Gas tight mechanics

18/10/2023



Some moments of the assembly

9

o B\ X
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First RO of the first FPC

o] (o]
o (o] o
N mmm\mo (o) (o] 0O [e]
o Biop b n B ¥ __d_po cover 2 § 8 § & o
2 NOYGa NOyr ri—
q e "0 MON
[} N -r Pt -
0 © PR
= - o <
X > 8 8 S
X >
X>>> s S5 ' E' X >
0 00 ‘/,X>‘00; )<>>>
Lccnn ®ccnQ 0 00
Taddg o o) Qccnny
i3 i : T
w [= &5
waz oo ’ w2200

fpc
fpc
fpc

o o o o
o (e} o o}
o © < [\
-

1000
800
600
400
200

18/10/2023 VERTEX 2023 | Vertexing design for PRM@AMBER 15



Silicon (ALPIDE) detector status

Testi f the ALPIDE f
esting O. the .. o Assembly of the FPC Assembly on the carbon support
the running conditions

Planned within 2023

Thermal test planned

N it
T
%
A
= 005 .
£ Meanx 000129
a Mean y 21
ev x 7
0 StdDevy 0007971
o i
001 14
o B 2
-001 s I
bl s o
002
6
003

«= < The MOSAIC DAQ has o
been understood but the 2 S Tools design to be
MHz are still to be tested Preparing mass production verified
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.
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|
) &
Y .
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DAQ concept

Combination of slow and fast detectors
with a continuous readout and software
trigger logic for data reduction.

Data stream sorted in time slices

Detector data ordered
based on to resolution

Hardware event builder stores data

in time

High-level trigger selects

time slices + images

coftW are

tests are ongoing

New DAQ hardware installed;

18/10/2023

Triggered Free-running
readout readout
: GL) Front-End
Trigger Front-End (4
Logic ;
v Layer 1
O Data
| - Hardware Multiplexer
Datg (_'U Filter Layer 2
Multiplexer I - Data
Multiplexer
Event ‘ ‘
Builder lgmggpce
t Storage
. < PC
images S
(a High-level
LL trigger
Storage/CDR
Permanent
storage/CDR
Spill
Slice Slice 2 Slice 2720
100us 100us 100ps
Very slow Detectors
(TPC. ..) o e 2 et e 2 et o
Slow Detectors Image 1 Image 200 Image 1 Image 200 Image 1 Image 200
(DCs, W45, ..)) £ 500ns 50005 50005 e Sone
slelzle]s2lals . glelz)z|2 &
Fast Detect HHHE HHHEHHLEEEE HHHHE HHHEHE JHHHE
(Hod?:cop:sfgcigéé,,.)azz:c AL HEE §18(8182 IR MG gl5(8(8|8
HHHHE HHHHEHHHHE HHHHE HHHHE HHHHE
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DAQ status

Clock

» 2023 test running was s | 2= oK }—>

mostly dedicated to the DAQ Hodo

MWPC

Time 25 Gb/s Eth

3 Slice -
y| DHMUX Builder ReadOut Engine |<—-> Sw
¥ DHMUX it

MWPC

SO | DiskStorage480TB |

25 Gb/s 100 Gb/s CERN

SFH ——>[_FCiExp_|ReadOut Engine [4=—> <+—>| Batch

MWPC

L
o
I
<
c
=

seofaceioe) =8  CMIUX |__, {3 Servers
i | DiskStorage 48078 |
SPD{ALPIDE) | = CMUX

TPC | I SISADCs
| x —bl TPC Server |4—>
TPC | = SISADCs

iFTDCs were operational DHMUX

Work on the data treatment and quality checks is ongoing
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Conclusions & plans

» Presently both the parts of the UTS are preparing full size
prototypes that are to be tested parasitically

» Major effort is done to be able to test a fully equipped setup
in the autumn of 2024 as part of the PRM test running

» We are targeting to demonstrate the full running capability
of the UTS based vertexing to support the request for 2025
full year data tacking
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Institute for Hadronic Structure and Fundamental Symmetries m /( l/f [
Physics Department &\ /D
g o,

Technical University of Munich

Proposal of a New Measurement

High-energy elastic muon-proton scattering
Measurement of the cross-section of elastic muon-proton

1.015

scattering using the CERN M2 beamline. (SPSC-P-360) PRad data I—e—i o Mainzfit === | Alarcon 19, 7 = 0.841 fm —-mw-
Mali:’nr\;ac(ijai'at : Mainz fit, forced 'r,,A:rigéitiln forr; ey This proposal, projected stat. errors
dG,(Q?) do"P=HP  dza? 101 | §
<P2>=—6r . —L=_ T = R(eG2+:G2)
dQ . dQ? o4 ’ rp=0.831 fm
Q=0 1.005 |- . .
* Measure as close as possible to Q2— 0 5 T { / PRad
— suppress influences from higher order form-factor terms L i { |
— high-energy 6(10 - 100 GeV) — Cross-section « Gg? - .
20
 Disagreement on experimental data: PRad and MAMI T
5 : : O 099
- Sufficient range to determine radius: ¥

— Aimed precision of below 1 % 0.985
— Aimed Q2?-range: 0.001 - 0.04 GeV?/c?

* Below Q2= 0.001 GeV?/¢c2;

0.98

— Deviation from point-like proton level of G(10-3) 0.975
— Smaller than unavoidable systematic effects
| | | | | | | |
« Above @2 = 0.04 GeV2/c2: 097 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
: ' Q? [(GeV/c)?]

— Non-linearity of the cross section
— Predominant source of uncertainty

Christian Dreisbach | IWHSS 2022 | 29t August | AMBER Proton Radius Measurement Programm: Status and Perspectives 5
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Table 1.2: Material budget for the FDI-A-24 Flex-based stack with aluminum conductors. [43]

layer item A Z d density X, X/X, contrib.
(u) (cm) (g/cm3 ) (g/cmz) (%) (%)
| solder mask (epoxy) 0.0030 1.250  34.99 0.011 4.64
2 aluminum layer (Al) 26982 13 0.0014 2.699  24.01 0.016 6.82
3 Kapton 0.0010 1.420  40.58 0.003 1.516
. aluminum layer (Al) 26982 13 0.0014 2.699  24.01 0.016 6.82
5 solder mask (epoxy) 0.0030 1.250  34.99 0.011 4.64
6 glue flex (C) 12011 6 0.0050 0.958  43.01 0.011 4.82
7 ALPIDE (Si) 28.085 14 0.0050 2.329  21.82 0053 23.12
8 glue to plate (C) 12011 6 0.0080 0.958  43.01 0.018 Tl
9 carbon fleece (C) 12.011 6 0.0020 0.400  43.01 0.002 0.81
10 cold plate (C) 12011 6 0.0240 1.583  43.01 0.088  38.28
11  carbon fleece (C) 12.011 6 0.0020 0.400 43.01 0.002 0.81
Total: 0.0558 0.231 100.00

18/10/2023
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Power:

Heat flux= 50mW/cm2
-0,225W/chip
-1,350W/HIC

TOTAL Power=4,050 W

Picture 5

Temperature map on the carbon support

2018 04-Jun-20 07:15:54 3.70+01

| Default, A1:Non-linear: 100. % of Load, Temperatures, , , (NON-LAYERED) 37 Cin the centre 3.59+01

3.47+01
e 3.36+01

3.25+01
3.13+01

3.02+01

2.91+01

3.70+01 2.79+01

2.68+01
2.57+01

2.34+01

2.00+01 2 23+01

2.11+01
2.00+01

default_Fringe :
Max 3.70+01 @Nd 2627
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ALPIDE Chips

ALPIDE 3
CARRIER V3

o

Firefly cable
6x1.2 Gbps + 40 MHz

Cigmom o @5 au wm am
®» an M1

Optical fibre 6.25 Gbps

Optical fibre
6.25 Gbps
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ALPIDE DAQ Boards

@ Centred around a Kintex-7 FPGA: K160T-FFG676.

e 8 GTX transceivers up to 12.5 Gbps.
o Plenty of I/0Os.

@ 6 transceivers for ALPIDE data reception.

@ 2 transceivers to SFP+.

e 1 Ethernet (10/100/1000) interface.

@ On-board clock generation with Si5344/Si5394.
)

Additional clock I/Os on optional SMA or LEMO
connectors: 2 for transceivers, 2 for FPGA fabric.

@ 3 versions designed so far, the last two meant to
overcome the chip supply issues:

e Variations to power and clock generation.
@ 19 boards have been produced.

@ Next generation board based on Kintex UltraScale.

18/10/2023 VERTEX 2023 | Vertexing design for PRM@AMBER 25
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DHmMx/DHsw

* Backbone module of DAQ
* FPGA: XC6LX130-2
* 4GB DDR3 Memory, 3GB/s throughput

* Firmware versions
= VO MUX for iFTDC with UCF links

= Time Slice Builder (Switch) , 5 GB/s throughput
= Future: LV1 MUX




IFTDC

* Specification
= ARTIX7 FPGA XC7A-50-2
= 64 channels,
= Programmable signal edge or both edges
= Binsize:0.8 ns, 0.4 ns, 0.2 ns (32 channels)
= Time resolution : 300ps, 170 ps, 100 ps
= Differential nonlinearity : 10%, 20%, 40%
= Trigger less capable data flow

Applications
. MWPC
= Drift Chambers
= SciFi

&
()4 2 L8LEL 000
’s,()eﬁ(f-féﬁy”’)“)“y

COMPASS DAQFEET 2019 Workshop
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