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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN'’s Physics Beyond Collider initiative:

e
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Proposal for a New QCD facility at the M2 beam line of the CERN SPS

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
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January 28, 2019
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* In the context of CERN'’s Physics Beyond Collider initiative:
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Experimental Research

Proposal for a New QCD facility at the M2 beam line of the CERN SPS

e LOI: June 2018; Submitted to SPSC January 2019
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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN'’s Physics Beyond Collider initiative:

Proposal for a New QCD facility at the M2 beam line of the CERN SPS
e LOI: June 2018; Submitted to SPSC January 2019

. for Phase 1 to SPSC: June (update Sept.) 2019
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October 13, 201

Proposal for Measurements at the M2 beam line of the CERN SPS
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Apparatus for Meson and Baryon Experimental Research:
* In the context of CERN'’s Physics Beyond Collider initiative:
Proposal for a New QCD facility at the M2 beam line of the CERN SPS
e LOI: June 2018; Submitted to SPSC January 2019
. for Phase 1 to SPSC: June (update Sept.) 2019
* Physics program recommended by SPSC: October 2020

SPSC 139, Oct. 2020

The Committee recommends approval of the proposal SPSC-P-360 by the AMBER Proto-
Collaboration to use the M2 beam-line before LS3 to perform measurements related to:

(1) Drell-Yan and J/Psi production vsing the conventional M2 hadron beam;

(1) proton-induced antiproton production cross sections for dark matter searches:

(111) the proton charge radius using muon-proton elastic scattering.
The proton-radivs program is contingent on a successful pilot run previously approved for the
first year of SPS operation after the Long Shutdown LS2.

05.12.2023 Michael Lupberger 8
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Apparatus for Meson and Baryon Experimental Research:

* In the context of CERN'’s Physics Beyond Collider initiative:

Proposal for a New QCD facility at the M2 beam line of the CERN SPS
LOI: June 2018; Submitted to SPSC January 2019

. for Phase 1 to SPSC: June (update Sept.) 2019

Physics program recommended by SPSC: October 2020

Approved as NA66 by the CERN Research Board: Dec. 2020

proposals that are requesting beam there, NA64-mu and MUonE. The Research Board
approved AMBER for its Phase-1 measurements until LS3, with the beam allocation
being subject to the optimisation of the overall schedule at the SPSC. The experiment

will have reference number NA66.
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M2 beamline (EHN2):

* most versatile beamline at CERN

* high-intensity beams of p*, 1*, p

* intensity limited by radiation protection

CERN Prévessin
North Area

Approved Phase-1 physics program:

1) Drell-Yan and charmonium production
using conventional hadron beams (DY)

2) Measurement of antiproton production
cross sections for dark matter search (pX)

3) Proton-radius measurement using elastic
muon-proton scattering (PRM)

05.12.2023 Michael Lupberger 11
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Proton-radius measurement using elastic muon-proton scattering
Goal: complement existing experiments to measure r with u to resolve discrepancies
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Proton Radius Measurement (PRM) by elastic muon-proton scattering
* High-intensity muon beam from SPS M2 beam line

e High-pressure hydrogen TPC as active target

* Muon spectrometer

05.12.2023 Michael Lupberger
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the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at
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Scintillating-fiber tracker
GEMs / Pixel-GEMs
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Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at
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Scintillating-fiber tracker
GEMs / Pixel-GEMs
Electromagnetic calorimeter
Hodoscope
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Concrete

AMBER spectrometer

(only relevant parts shown)
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Large-area GEMs

Minimum setup to allow PRM physics with required precision

(from simulations): 3 stations with each large 2 GEM detectors

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at

the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022
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AMBER PRM readout paradigm
* Incident and scattered muon instantly measured with trackers
* Recoil proton measured in (slow) TPC

—> Assignment can only be done in high-level trigger

—> Continuous readout and self-triggering required

05.12.2023
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the M2 beam line of the CERN SPS Phase-1: 2022-2024 (2019), CERN-SPSC-2019-022

Modified from: B. Adams et. al., COMPASS++/AMBER: Proposal for Measurements at
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G1G - G3G
Large area GEMSs
(30.72 x 30.72 cm?)

O

* G1G: from 2001

* (G2G: Pixel-GEMs

from 2008)

e + Know—how from ALICE

= G3G: AW

f Meson and Baryon
Experimental Researc h

* 768 strips per side 21 T
 Strips split for higher rate - 4 quarters

05.12.2023 Michael Lupberger 17
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Final COMPASS run s

and AMBER pX

Cabling
Shielding
Installation

Triggered APV25
readout in old
COMPASS DAQ
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[Courtesy D Schaab]

[Courtesy D. Schaab]
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G3G - G4G - G5G

* G4G: Large area GEM
as for COMPASS
with self-triggered readout

* G5G: Large are GEM
with pads in the centre
(as Pixel GEMSs)
and self-triggered readout

1

OMP,

arg

e

-size GEM Updated Large-size

2001

Progression

Of CompassGemGenerations
G3G G5G

=

- .| 1
1 il J==|
i -

Large-size with Pixel
2021 2023 - 20247
2008
000

L5 . |
Pixel GEM Self triggered readout

Apparatus for Meson and Baryon
Experimental Researc
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. Test G3G detector with SRS- VMM readout - G4G prototype
. Increased number of VMM chips (8+1 - 48+1) compared to Pllot Run 2021

. Scan operation parameter space — find working point
GEM gain (HV)

VMM gain (preamplifier)

VMM threshold (noise acceptance)

More/better data compared to 2021 Pilot Run

VN
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e
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Installation position
behind magnet SM2

PR T T T S N TN TN TN N SN T N SN TN N TR N T S T
0 10 20 30 40

o||||\||I|\|II|||I|‘III|\II|II

From: Martin Hoffmann : https://indico.cern.ch/
event/1174775/contributions/5051692/attachm
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zinm
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Detector equipment with VMM electronics in GDD lab

» Detector/Electronics much more noise at beam position than in GDD lab.
* Spikes on VMM baseline, when HV (GND) connected. Not seen in GDD lab.

05.12.2023 Michael Lupberger 21
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To evaluate noise:
 BNC cable attached to monitoring output (shaper out) of one random VMM chip
* Connected to oscilloscope
* Look at baseline of a random channel of that VMM chip
* Quantitative noise measures:
* Automatic measure of amplitude - statistics amplitude RMS
* Automatic measure of peak to peak — statistics peak to peak mean
* Oscilloscope trigger rate at given threshold —

Undo  Deete  Toom i}

ae

Status after installation:
e RMS ~ 12 mV

« Peak to peak mean ~ 100 mV PR |
* Rate at 20 mV threshold several kHz Mt T F g DSl
Main impact: Strange spikes from HV GND —— s

05.12.2023 Michael Lupberger
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2 main issues to solve:
A) Noise and spikes

A) Noise and spikes
Observation: Spikes disappear/reduce when, in addition to BNC cable, another GND
connection between osci and detector is established e.g. a probe needle GND

m n Auto
S4mv 2.5 GSafs

lean
67.13mv 2982 mv
179k plec o
o 949.705 317 2 ‘ ! < ype irent Win Max Mean

89,768 mv
S5y u4%6my oV 59584mV 74089 mV NAGmV 1R

201 62 1876 k 819.928 464899 Q4
77616 mV 41552 mV 97412 mV 57,525 mv 15,554 mv 2141
nfa n/a n/a

05.12.2023 Michael Lupberger 23
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Long story short:

A) Noise and spikes

— GND loop closed, when osci connected - better GND between osci and detector
= remove osci for measurements, HV filter box

B) One quadrant much more noisy than others (different noise)

- one of the four SRS adapter cards = power supply for VMMs introduced noise

= exchanged

C) Further increase GND, close open loops on GND calbes, ...
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n Auto 500 ps/
Starti ng at v 256ses 0s

Seve ral M HZ 5 ‘ L 281371 ms

as/better than
in GDD lab

~ 12 mV

Not any noisy
channel

1.666 my 25.774mV 1.9436 mV 3.5098 mV 848

9EE0k 1857k 1020836k 319.93 848 At 40 mV

33,838 my 49.49 mV 40.403 mv 2.4839 mV 848 th res h o) | d

Current i StdDev Wave count

~ 100 mV

7P

nfa nfa 1

All at 16 mV/fC
VMM preamp =0.22 fC
gain = 1370 e ENC

05.12.2023 Michael Lupberger 25
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DAQ PC

* Update software vmmdcs, DAQ scripts, monitoring, prepare file system, logbook
* Channel mapping and geometry file

Threshold calibration at VMM preamp gain 9mV/fC to 30 mV above baseline
Could be easily lowered to 25 mV, few noisy channels

20 mV should be reachable without tooo much effort (13.8 ke threshold)

Remote control and network connection

Services, interconnection

* LEMO cables for COMPASS trigger BOS, EOS, PHY (+ AMBER time slice)

* Test trigger, tune gain and thl for reliable trigger time stamps data in VMM DAQ
» Safety inspection - Better fixation of SRS crate, minor re-cabling

* Noise and stability tests with HV on, define HV measurement points

* Gas
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Week 11.-15.09. (first days of primary user)
Student shift crew Jan Glowacs, Pascal Henkel + ML remote

Training (dcs, SRS tools,...), commissioning (prev. slide)

Cosmics data taking

First beam — monitoring — first online event display

(central sector off, sync between FECs wrong)
* Loose hybrid on detector connector

70

o B0 w0 20 £

A

Detector quadrant 1 | — Cosmics flat field, all (but 2
first online event display - VMM) work, few dead channels

05.12.2023 Michael Lupberger 27
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From day 4 (14.09.)

* First GEM HV scan, 9 mV/fC, 30 mV thl (center off here)

pos1:pos0 {det == 4} pos1:pos0 {det == 3}

Eriries
Meanx

20

(]

Beam position

CEs3
058

ADC correlation planes

* SRS crate and all VMMs in operation till end of run

* Excellent system stability

* One power cycle due to DAQ control mishandling
» 3x test data taking (before taking spills) unveiled out of sync (ACQ OFF/ON)

; pos {det == 4 && plane == 1} pos {det == 3 && plane == 1}
a0

50000

s0000

40000

30000

10000]

Plane 1 spatial profiles

05.12.2023
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GEM HYV scans (3950 V to 4350 V ~ gain 20k), 2 spills for each point, usually at
standard beam conditions

VMM preamp gain 9 mV/fC

VMM thl (mV over baseline): 20, 25, 30, 40, 50

VMM preamp gain 12 mV/fC

VMM thl (mV over baseline): (20), 25, 30, 40, 50

Hadron, high-intensity and wide beam runs

Long-term measurements (up to 1 run = 200 spills)

* GEM HV 4300 V (~gain 10 k), VMM preamp gain 12 mV/fC, VMM thl 25 mV,
* Partially entirely from remote

This time, the full spills were recorded ;)

VMM GEM almost always ready for data taking,
> 90 % no data taking due to SPS issue or access, CO2 empty
= Data taking stopped on last night of beam time due to full disk
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Reason:

Seen in lab: Hot spot = region in detector (corner) with higher gain

Detector in lab on table, hot spot at gas inlet corner

= Check detector at AMBER setup (hanging, gas in at outlet)

Allowance by RP to use *°Fe source from in AMBER Hall by our own

Loose-cut reco for cluster in plane 0/1 and detector, look at ADC spectra

Restricted to source position, gaus tip fit to photo peak

.&pos1 & pos0>: posD<3: 00}
adc {det==2 &&plane==0 && pos>310 && pos<370 && adc<5000} adc {det==2 &&plane==1 && pos>20 && pos<80 && adc<5000}
. e — Eeies
o 90— E‘E‘S
= C E egrs
E = Constar
200 = e 250 O E‘” = /\ e
Plane 0O Plane 1 Plape 0M1
160 - E
140 - S0
120+ 50—
100+ W0
80 30—
60
E 20—
40 -
20 3’, 10—
0B , P B O ) = SR P S Ll P B AU TR ~ WS |
o} 4000 500 0 1000 2000 3000 4000 5000 6000 7000

adcO+adcl



DATA EVALUATION - PLANE O

UNIVERSITAT EIINYIR

adc {det==4 &&plane==0 8& P0s>25 && pos<70 && ado<5000)

140f

120)

S0 1000 1500 2000 2500 3000 3500 4000 4500 5000
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gorT T
g
g
g
g
g
g
E
§
g

adc (det==2 8&plane==0 && pos>0 && pos<38 && ado<5000}

1000 2000 3000

adc {det==1 &&plane==0 && pos>20 && pos<B0 && adc<5000)
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soof
o
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20
100F]
3 1566 2000 3000 w55 560 ) 2300
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ADCO+ADC1
4711 5638
*10 ¥1.3 ¥55
4775
4927
¥10 *1 ¥12
4957 5055
Mean 5011
Stddev 303 6,05 %

ADCO

2468 2839
F6 0.8 28

2479

2439

F6 F0.6 F6
2611 2701
Mean 2590
Stddev 144 5,57 %

ADC1

2243 2695
+7 +0.7 21

2286

2482

6 +0.5 +8
2335 2406
Mean 2408
Stddev 150 6,24 %

= & 6 % gain variations from >°FE peak position
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Has started ©
Pascal Henkel will start a master thesis on the topic on December 16 ©

Currently: Working on data synchronization between COMPASS and SRS
using tools and experience from Pilot Run 2021

* Asin 2021, SPS debunching is not good in first ~500 ms of spill
« This time, we have data also for > 500 ms ©
* Working on 1-2 runs/spills to develop software

* Sync between:
VMM clusters, COMPASS triggers in VMM system, COMPASS track times
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50

clusters per bin

40

30

20

10

0

timestamps per bin

Delta times between
all timestamps

Not sync yet

T T S S I R |
3187 3188 3189

COMPASS trigger in VMM DAQ
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3 GEM stations (6 detectors) w/ triggerless readout min. requirement for AMBER PRM
« 3" generation large area GEMs (G3G): 6 detectors built and qualified in lab

G3G detector with SRS VMM-based triggerless readout = G4G prototype

* Assembled and tested in GDD lab

e Operated in AMBER PRM Pilot Run 2032 and in post-beam *°*Fe measurement

* Data in large parameter space of GEM HV, preamp gain and thl taken

Satisfied with the large area GEM detectors — some improvements in mind
= maybe build 1-3 new detectors

VMM frontend chip behaved reliable and as expected

SRS VMM worked extremely nice and very reliable

* No hardware failures after commissioning

* Convenient slow control software

* Helpful online monitoring

* Reliable data acquisition, know-how to sync to COMPASS DAQ
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SRS VMM works nice and reliable, but
VMM hybrid = frontend board not suited perfectly
* Too much material budget in acceptance regions
 FPGA close to detector (radiation damage)
* Too many cables, difficult integration in large system
* Limited hardware availability
= Dedicated VMM-based frontend board
e Several options
* Bus card with multiplexer + new cooler (FPGA remains)
* New stretched VMM hybrid (FPGA far outside) + bus card
« GBT + VL VMM frontend board like e.g. ALICE TPC board for SAMPA
e Design and testing ®, integration into AMBER DAQ

e Or: Use SRS VMM still next year with 6 detectors?

Need: 144 hybrids, 24 FECs+DVMMs, 3 CTFs, 3 Eurocrates(or eq. Minicrates) with new ATX, ... + spares
Available our group: 14 hybrids, 4 FECs+DVMMs, 1 CTF, 2 Minicrates



GridPix@CEA 2009

Thanks to all for making (not only) workl Wfﬁ?
w% in this collaboration so much fun }r@‘
A and RD51 a success! g

Lets continue in DRD1!

Philly 2017
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CERN'’s Physics Beyond Collider initiative: - N
| Physics |
‘Be’yond s

521 )
522 NA62TT
5.2.3 LDMX @ eSPS

e Study group launched 2016

< ' H 53 Pr e LHC interaction points
F 5.3 SER
‘Colhiders
& < 5.3 'ODEX-

6 Proposals sensitive to New Physics in the multi-TeV mass range

» exploiting the full scientific potential of the CERN's

accelerator complex and scientific infrastructures S o b
. EE il IAXO ez ol o
* Complementary to LHC and other future colliders 3 ~ om0
. KLEVER  Tupv
S . el
. : : : _ 5 " iigan
CERN impact on physics landscape in next 10-20 years £ e f e
21 5 9 3 3 9 15

mass of BSM state = log;ym,[eV]
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Ongoing large-size GEM
(CG3G)

* 30.7 cm x 30.7 cm active area

» Strips divided in the centre
to reduce occupancy

13-fold top-sectored GEM

* Spacer without grids
* Gas-inlet via drift plate

* Honeycomb plates

Electrade COMPASS/V  BONN /V

Drift 4100 3238
GEM1 TOP -2353 —2508
GEMIT BOT 043 2102
CGEM2 TOP 2196 1351
GEM2 BOT —1822 —1384
GFEM3 TOP 075 1N6E
GEM3 BOT =747 =747
PCH (GND) (1 [GND O
N z ral

Jonathan Ottnad, Optimierung der GEM-basierten Verstarkungsstufe

einer TPC fir das CB/TAPS-Experiment, PhD thesis: Rheinische

Friedrich-Wilhelms-Universitat Bonn, 2020, url:
http://hdl.handle.net/20.500.11811/8516
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Segmented GEMs

[Courtesy all pictures J. Pascheck
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From 7.-11. August by Virginia, Jan G., Karl, Pascal and Michael

/. August:

Travel, arrival to GDD lab,

8. August:

Equipping detector in GDD lab, first tests
9. August:

Noise reduction in GDD lab, >>Fe spectrum
10. August:

Installation

11. August:

Installation, noise reduction, PC setup

Detector equipment with VMM
electronics in GDD lab

05.12.2023 Michael Lupberger 46
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From 7.-11. August by Virginia, Jan G., Karl, Pascal and Mlchael

/. August:
Travel, arrival to GDD lab,
8. August:
Equipping detector in GDD lab, first tests
9. August:
Noise reduction in GDD lab, >>Fe spectrum
10. August:
Installation
11. August: ' . A
Installation, noise reduction, PC setup Detector eqmpment with VMM
electronics in GDD lab
* Detector/Electronics much more noise than in GDD lab
* Spikes seen in hall, when HV connected. Comes via HV GND. Not seen in GDD lab
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After Installation 1: Karl installed noise filter on HV line
* Reduced spikes from ~ 100 mV to ~ 70 mV

 Baseline RMS not much reduced

From 5.-7. September by Karl and Michael
5. September: Travel, RD51 test beam experience from Karl, noise reduction
6. September: Spike identification, noise reduction

7. September: PC setup, threshold equalisation, detector ready for beam
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Artifact on oscilloscope?

No! Difference can also be seen when data is acquired.

* Noise free data taking, when no spikes on screen (probe GND connected)

* Much noise, when disconnecting probe GND

Disconnecting both probe GND and BNC cable

* Noise free data taking

* Both probe GND and BNC cable connected gives very slightly less noise in DAQ

Disconnecting HV also removes spikes

= Connecting both HV and oscilloscope GND closes a GND loop !?

= Why connecting a second GND between osci and Detector resolves the issue,
Spikes only disappear completely, when probe GND connected at specific point

= Solution: Disconnect oscilloscope (would anyhow have been done), best
unsolder BNC cable on hybrid
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For further investigations on general noise: need oscilloscope

= connect both BNC and probe GND
Find noise reduction possibilities —> Better GND interconnection between SRS cards

StdDev Wave cou

le:
3.6897 mv 7.9456 mV 5648
1.081 149k 345.226 5648
54749 mv 54118 mv 5648
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For further investigations on general noise: need oscilloscope
= connect both BNC and probe GND

Find noise reduction possibilities —> Better GND connection SRS « detector

Type Current Min
L VAmp 392 ov
z B Cots+ 1318k 3

StdDev .
3.6897 mV/ 7.9456 mv Type Current Min Max Mean

14 = : VAr ?
; ™ B%mMY 41846 my e L " L J ov 61936 mv 2733 mV
4 VAmp

nfa

MW sangmy ) ~esa : @ Cats+ 1351k 3 1805k 974531 3138 .

L n/a n/a . \ . B
B o Em [ I - o L : ' 3 . : Vop GSI6MV ATV TSTmV 50904mV 39278my .
5 W* ;&3 nfa nfa
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For further investigations on general noise: need oscilloscope
= connect both BNC and probe GND

Find noise reduction possibilities —> Better GND connection SRS « detector

Type Current Min
L VAmp 392 ov
z B Cots+ 1318k 3

StdDev .
3.6897 mV/ 7.9456 mv Type Current Min Max Mean

14 = : VAr ?
; ™ B%mMY 41846 my e L " L J ov 61936 mv 2733 mV
4 VAmp

nfa

MW sangmy ) ~esa : @ Cats+ 1351k 3 1805k 974531 3138 .

L n/a n/a . \ . B
B o Em [ I - o L : ' 3 . : Vop GSI6MV ATV TSTmV 50904mV 39278my .
5 W* ;&3 nfa nfa
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For further investigations on general noise: need oscilloscope
= connect both BNC and probe GND

Find noise reduction possibilities —> Closing GND loops in cables and on detector
+ many many small things

6.7mV 2.5GSa/s 0s

67.13mv e
13 m!

A 54
1,796 k A 318::8".\,
89,768 my 50.652imv 49216 mv
n/a nfa nfa

Max Mean

VAmp 2 ov 61.936 mV 2733mV

CntS+ 1351k 3 1.805k 974531 311348 ..

Vpp 45,766 mV 41748 mV 79.576 mV 50.904 mv 3.9278mv .
nfa nfa

53
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Suspicion: One hybrid in the quadrant is not correctly powered and «swings»
Coupling to others via crossed strips

— removing one after the other hybrid from detector — seems to be gradual effect
— removing one after the other hybrid from SRS DVMM - gradual effect

— check power to hybrids - P2 (for VMMS) a bit low for FEC 2 - increasing

= gets a bit better, but not removed completely

— Interchanging HDMI cables of hybrids on SRS DVMM to other cards

— Noisy sector gone, but increase spread over full detector

- exchanging DVMM of FEC 2 (thanks to Karl/GDD for lending the DVMM)

= noisy sector gone + noise of whole detector decreased
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(63,9 w¥

488, |

VAmp
CntS+

VAmp

H 0my. %
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|
[2.5 ns

Current

196 pv oV 24.696 mV
24 414 1.456 k
49.686 my 43.904 mv 58.604 mV

?

n/a n/a

Mean
2.7736 mV.
969.379
49.539 mV
e

StdDev
46739 mV
240.669
24193 mv
nfa

Wave count
92

95

95

95

powered and «swings»

m q i y n Auto

Delete  Zoom FFT Amotation Smv 1.25 GSafs

i Trigger
et sl b AL ) Aok e el )l | o st A RTINY, ~

Horizontal

Acquire

Measure X |Statistics

Type Current Min Mean StdDev Wave count P
VAmp 196 py ov 19.306 mv 24196 mV 41206 mv 270 oy
CntS+ 988 109 1.709k 833,115 326.559 270 3
Vpp 41.846 my 34398 mv 51.94mv 42.12 mv 2.9313mv 270 Mezsure
VAmp ?

T
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UNIVERSITATﬁ DATA EVALUATION

Detector configuration and comparison to Jan’s notation from the lab

Gas in
Design: gas out

Gas out

05.12.2023 Michael Lupberger
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Source holder prepared by Karl Fléthner and
eranda van Stenls

Tested W|th 5 mlnutes exposure worked ok

* Need ~5-10 minutes exposure per position

* Reduce number of positions due to time limitations
* Hot spot included

e

posO:pos1 {det==1 && pos0<80 && pos1<80}

htemp
Entries 728
= | ‘- - - Mean x 47
‘ ] - - ] Mean y 46.4
StdDevx  12.09
B= [stdDevy 1213
L
I = i
i.
6
- I
-
4
- 2
.
e = o
70
adcO+adc1 {det==1 && pos0<80 && pos1<80 && adcO+adc1<10000}
- htemp
= Entries 724
- Mean 4108
E Std Dev 1803
h R = P al
0 2000 4000 6000 8000 10000
adcO+adc1
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Loose-cut reco for cluster in plane 0/1 and detector, look at ADC spectra
Restricted to source position, gaus tip fit to photo peak

adc {det==2 &&plane==0 && pos>310 && pos<370 && adc<5000} adc {det==2 &&plane==1 && pos>20 && pos<80 && adc<5000}
e ey
s — e EiE
E iean F tean 38
F, S Dey SiiDev To70
3133
ios7

200 e 250 Gt

10 min. 10 min. = Plane 0 Plane 1

120 £

150
100
= [
80+ I\
Pos 44
a0 h‘LﬂL
-
5 min. m‘u—”’fu]ﬂd
P L P
° 1000 2000 3000 4000 5000
C
I O S 3 3 adcO+adct (det==2 && pos1<80 &&pos1>20 && pos0>310 && pos0<370 && adcO+adci <7000}
o R v =
5 90— % i
E = =
min. g = £
= o =

T
QO
>
D
o

>
=

Pos 16 Pos 11
10 min. 10 min.

w
8
| AR AR R L

w0y

= ST ST i S S M s S el S I 1 AR R
0 1000 2000 3000 4000 5000

|
6000 7000
adcO+adc1
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adc {det==4 &&plane==1 8& ps>320 && pos<360 && adc<5000}

250|

150)

100)

adc {det==1 8&plane==1 && p0s>20 && pos<80 && ado<5000}

L L L i
1000 2000 3000 4000 5000
ade

DATA EVALUATION - PLANE 1

adc {det==3 &&plane==1 & pos>300 && pos<350 && adc<5000}

adc {det==4 &&plan

&8 p0s>0 8& pos<30 && adc<5000}

1000 2000

3000

!
1000 2000 3000 4000 5000

adc {det==2 &8plane==1 && pos>20 && pos<80 && adc<5000)




DATA EVALUATION - PLANE 07

UNIVERSITAT

——]
% =
Y
80 =y
70
60
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40
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20
10 . )
E | I il 1 I L 1000 2000 3000 4000 5000 6000 7000
——]
1000 2000 3000 4000 5000 7000 adcO+adct
‘adcO+ade1 7000/— ke
6000f—
5000
4000
adtroder
E i | | | | r
1000 2000 3000 4000 5000 200
6000(—
4000(—
2000~
| Il | L
1000 2000 3000 4000 5000 6000 7000
adcO+adct
120
100~

3
T

20—

L L L L
1000 2000 3000 4000 5000 6000
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adc {det==3 &&plane==0 && pos>300 && pos<350 && adc<5000}

700

600

e

500

T

400

300

200

100

HI!‘II\

o

Plane0

500 1000

adc {det==3 &&plane==0 && pos>3

1500 2000 2

e
== e
==y 115
S Dev w0is
] Py
Pt -amidst
P2 preTmae
P2 078
P 2833
B 00

00 3500 4000 4500

5<350 && adc<5000 && size>5)

Slightly harder cuts on cluster size

adc {det==3 &8&plane==1 && pos>300 && pos<350 && adc<5000}

)
[ Entries. 3186
Mean 1199
| Std 8503
100 2 =
I~ s 153.2
Planel
60
40
20+
0f—
C P TR SN R L I
0 1000 20 3000 401 5000
adc
adc {det==3 &&plane==1 && pos>3 ns<350 && adc<5000 && size>5)
E 1ot
30— P
L “omorrz
C T
e
= frerd
25—
20—
15—
10—
5—
0 C 1

adcO+adc! (det==3 && pos1<380 &8p0s1>320 && pos0>300 && pos0<350 && adcO+adei <7000}

htemp
r - Entries 2829
350— Mean 2398
C Std Dev 1643
300(—
250
- Plane0O"1
200
150—
100
50—
o) A AR il al. e A
0 1000 2000 3000 0 5000 6000 7000
adcO+adc1
acebadet (detmd 8. po31<300 889081320 85
Tiemp.
= Entries. 301
14— B e
- Constant 81886
= Mean 5638
= 5235
12_—
10—
6
A
e F_Iﬂjﬂl‘
OT.H....I..,..I....I\...\. Ll (-
1000 2000 3000 4000 5000 6000 7000

adcO+adc1




e

UNIVERSITAT

adc {det==3 &&plane==0 && pos>300 && pos<350 && adc<5000} adc {det==3 &&plane==1 && pos>300 && pos<350 && adc<5000} ade0+adc? {det==3 8& pos1<380 &&p0s1>320 &8 pos0>300 && posO<350 && adcO+adc1<7000}

T Hiemp

L ] Enries 3188 . htemp
F ] L Vean ] E - Entries 2829
H ryvvrd p3 1671 350— Mean 2398
7000 i pi 2695 -
H = 55 1532 E Std Dev 1643
soofl} 300 e
so0fi| 2501~
400t H
300 r
0% “ %
100~ o—

T T I i o = i o U WINPT U T P T B T R o) A il it S oWl sl A
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 6000 adz%g_(;dc-]
adc

Observation: many noise hits, spikes at multiples of 1024

Noise: yes, there are some noisy channels, prominent at low source rate
Spikes: saturation? — look at hit ADC
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adc {det==3 &&plane==0 && pos>300 && pos<350 && adc<5000}

T

e
3

= o wuia
b B ot
700+ B 1
H B T
600
500
400+
300t
200[5
100
:I‘>nﬂ_7&_' Rl e e [ a2 1 e g
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
adc
adc {det==3 &&plane==1 && pos>300 && pos<350 && adc<5000}
Temp.
- Entries 3188
Mean 1199
| Std Dev 9503
1oorr " Zens
[~ B 153.2
80
60
40H
20H

0
TSR [T T S ST S N S T S S NSO ST NS ST SO S S S|
0 1000 2000 3000 4000 5000
adc
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ch {det==3 && fec==4 && vmm==0}

htemp
C Entries 292275
6000 — Mean 47.24
B Std Dev 20.12
4000 —
2000 —
04—
- Plane O
L L | L | L. I
0 10 20 30 40 50 60
ch

2500

2000

500 [

1500}

1000]

o

adc {det==3 && fec==4 && vmm==0}

l

htemp
Entries 292275
Mean 47.31
- Std Dev 109

1000
adc

Plane 0: few very noisy channels+neighbors, source profile hidden
Plane 1: profile ok, even more channels in saturation than plane O

adc {det==3 && fec==2 && vmm==15}

ch {det==3 && fec==2 && vmm==15}

. htemp

= Entries 25428
00— Mean 29.39

E Std Dev 15.11
600|—
500—
400 [—
300—
200
100 P | an e 1

oF L5 | L | 0 i
(] 10 20 30 40 50 60
ch
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adc {det==3 &&plane==0 && pos>300 && pos<350 && adc<5000}

ch {det==3 && fec==4 && vmm==0}

2500

2000

500 [

1500}

1000]

o

adc {det==3 && fec==4 && vmm==0}

l

htemp
Entries 292275
Mean 47.31
- Std Dev 109

1000
adc

Plane 0 at 61 profile similar to Plane 1 at 11: Only half amount of
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adc {det==2 && fec==2 && vmm==9}
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250/ gl e 120[— i Entries 825758
I 5 e L Mean 31.07
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Entries 825758
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Std Dev 46.4
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adc {det==3 &&plane==1 && pos>300 && pos<350 && adc<5000}

ch {det==3 && fec==

&& vmm==1 5}

adc {det==3 && fec==

&& vmm==1 5}

E htemp’
3500 |— Entries 25428
F Mean 294
= Std Dev 342.5
3000 —
2500 [—
2000
1500 —
1000 —
500 —
oF e ; ol |
0 200 400 600 800 1000
adc

Plane 1 at 61 profile similar to Plane 0 at 11: < half amount of

adc {det==2 && fec==1 && vmm==11}

Entri nen 3188 htemp

F] el E Enti 25428
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adc
channels in saturation in same time, spectrum ok
adc {det==2 &&plane==0 && pos>310 && pos<370 && adc<5000}
—— ch {det==2 && fec==1 && vmm==11}
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Position 61 looks like too noisy — could be misleading due to low source rate
More channels in saturation compared to other positions

- Spikes from HV line? Would not lead to saturation, but much noise, many coinc. channels
- Corrupted data? Seen for high noise channels, could be saturation — 1 hit +2 neighbors
=> more stringent cut on cluster size (was 1 => all hits taken) to 5

=> should not affect photo peak, expect large clusters for Fe55 (check - yes around 8)

adc {det==2 &&plane==0 && pos>310 && pos<370 && adc<5000} adc {det==2 &&plane==0 && pos>310 && pos<370 && adc<5000 && size>5}

200 é’:?éé; ;E 140 gé%%‘ %E
180 Position 11 plane0 - =
Standard reco Position 11 plane0

140
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+cluster size > 5
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=> noise reduced, minimum impact on photopeak (position -0.01%, ampl -7.8 %)
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