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MAINZ beam test with the prototype Cherenkov detector modules

* Testing of the Cherenkov detector prototypes at
MAMI accelerator facility in Germany with
electron beam of energy ~ 855 MeV

» Performance study of the individual modules

» Performance study with a fully instrumented
front flush segment (2023)

* Characterization of the Cherenkov detector with
cosmic muons

* Testing of different quartz tiles (Tosoh, Heraeus,
Corning)

* Optimization of the light guide material

* FElectronics testing
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Thanks to UMass. Uni. Manitoba. P2@Mainz. Idaho State. Vireinia Tech folks & Larrv Bartoszek



MAINZ beam test with the prototype Cherenkov detector modules (2023)
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T/ N . Entire front flush segment is scanned with
electron beam (~ 855 MeV)

* Performance with different quartz tiles and
reflective light guide materials are
investigated

* Quartz tiles: Corning & Heraeus
* Light guide: UVC & UVS

® ¢ Detectors are tested in event mode as well
as in the integrated mode

CAD model showing the MAINZ
configuration




MAINZ beam test with the prototype Cherenkov detector modules &
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» Benchmarking of the detector prototype performance with the instrumented segment plate the data (agreeing well within ~ 15%)
» RMS/MEAN Z 25 % (Ring 5) & < 30 % (Rest of the rings) ; PE yield = 30 (Ring 5) & = 20 (Rest of the rings) 4

» Resolution = 20 % (Ring 5) & Z 25 % (Rest of the rings)



MAINZ beam test (2023) summary

PE yield RMS/MEAN Resolution
(MC sims) (MC sims) (MC sims)

1 26.6 +0.1 ~30 % 20 (+1) %
2 25.0 + 0.1 ~28 % 22 (+1) %
3 225+0.8 ~28 % 21 (#1) %
4 23.6+0.2 ~30 % 23 (+1) %

5 BF 32.0 +0.2 ~25 % 18 (+1) %
6 207 +0.2 ~32% 22 (#1) %

The error shown here is coming from the fitting error of the parameters for the individual spectrum

The error in the PE yield is coming from the PMT gain calibration (using the in-situ method)

No systematic errors are added to the PE yield or to the resolution (e.g. uncertainty in the pre-amplifier gain
(x10) in the PMT base)

Detailed presentations on the MAMI results can be found here : Moller-doc-1255-v3, Moller-doc-1211-v2,
Moller-doc-1364-vl
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Benchmarking of the detector prototypes with cosmic muons at UMass
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Schematic of the electronic circuit diagram of
cosmic stand setup at UMass

Benchmarking of the performance of
the prototype modules with cosmic
muons at UMass 5

CAD model: Joelle Beck & Larry Bartoszek




Benchmarking of the detector prototypes with cosmic muons at UMass

MC configuration 1 MC configuration 2

The PE yield using cosmic muons matches
very well (~ 15%) with the beam data
UMass cosmic data: Sakib Sarker
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Resolution = Gsigma/MPV

PE yield Resolution
(cosmic) (cosmic)

26.6 (+ 0.1) ~ 20 (+1) %
2 25.0 (+ 0.1) ~ 22 (+1) %
3 22.5 (+ 0.8) ~21(+1) %
4 23.6 (+0.2) ~23 (+1) %
5 32.0 (+0.2) ~18 (+1) %
6 20.7 (+ 0.2) ~ 22 (+1) %

The resolution is worse (~ 20%) with cosmic and that is because of the finite solid
angle of the setup and the wide energy distribution of the incoming cosmic muons

The errors shown on the PE yield are coming from the uncertainty of the PMT
gain values
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Benchmarking of MC simulation with cosmic muon data at UMass
v

v" The same MC generator is used to predict the expected PE yields from the UMass cosmic test stand

v" The cosmic data from the UMass test stand is compared with the MC simulations MC _
configuration

PE yield PE yield Gsigma Gsigma Resolution % | Resolution %
(cosmic) (MC) (cosmic) (MC) (cosmic) (MC)

1

2

3

4

5

6

Cosmic data matches very well with the MC simulations (~15%)
Resolution is ~20% worse with cosmic as compared to the beam data

Width of the cosmic data seems wider compared to the MC predicted values MC simulation: Jon Mott



W&M cosmic stand
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W&M stand stand setup at W&M

CAD model: Larry Bartoszek



MC prediction for the W&M cosmic stand
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Typical simulated PE distribution from W&M cosmic stand for cosmic muons

» Due to slight change in the
geometry (dimension of the
1 triggering scintillators,
position of the scintillators
etc.), the results are slightly
different for couple of rings

10
MC simulation: Jon M ott



Performance of the production modules at W&M with cosmic (analysis steps)
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Same analysis method has been used for all the rings

: (Events passing through the top and bottom scintillators)

= 10001
S R6_PE ped FF
5 .
g .00 RING 6 o
Std Dev 1451
8000H~ 7%/ ndf 472/11
Width 1400
70001~ MP 1556 £0.11
Area 1.7780405 + 13286403
6000 GSigma 9676 0091
5000
4000F—
30001 Langau Fit
6_amp_charge FF -
2000— .
Meanx  19.86 E PEyield: 16 (+ 2.4)
Mean 19.98 — 3
! 10001 Resolution (%): 62
I StdDevx  14.57 E , \ .
Lot SRy s % 20 40 60 80 100 120 140
0 PE yield
0 20 40 60 80 100 120 140 160 180 200 y!

amplitude (mV)

6_amp_charge_FF Rin =
Mean x 24.19 . g‘ 6 120 §
Mean y 23.77 ' . :.
StdDevx 13.19 v
StdDevy 12.87 ! . 100
. P
¥ il &0
80— . i
[ 1]
L ' 80
60— -
[ . 40
w0l uts:
s 43 < time <55
20~ Adjacency ring cut 8%
L >
n-||\|\||‘l\éllwlwll)\w\'\];(\)lml\(\\‘l\l‘l
0 20 40 60 80 100 120 140 160 180 200

amplitude (mV)

scintillator cut + adjacent ring cut + time & amplitude cut for the

respective ring

e | R6_PE_ped_FF
Ring 6 e 256
400/ S$td Dev 1469
¥ /' ndl 16.53/ 11
Width 1 +02
300 MP 1719 +031
Area 1.079e+04 + 2.461e+02
GSigma 8904 +0287
200+
Langau Fit
100/~ PEyield: 17 (+ 2.5)
Resolution (%): 52
0 NP PR B = o ! N
(] 20 40 50 80 00 120 140
Cuts: PE yield

43 < time < 55; Adjacency ring cut

Amp > 10 mV

11



Typical signal from the production modules

* The waveform from the fADC module is reconstructed using the moller-
counting framework
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* The reconstructed waveform is integrated to extract the total output charge

* The total output charge is normalized using the PMT gain to get the PE yield
from the respective production Cherenkov modules
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Cosmic data from the W&M stand : PE yield (SEG 1 - SEG 8)
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Comparison between fADC and QDC data : GSigma study
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Signal from the Cherenkov
detector is fed to QDC and fADC
using linear FIFO module

GEMs are used to reconstruct the
cosmic muon tracks

Using the reconstructed GEM
tracks, events hitting the quartz tile
normally (89<0<91) are selected

The response from the detector for

those particular-events are studied
from QDC and fADC

fADC spectrum looks slightly wider than

the QDC spectrum

This work is ongoing to also investigate the
€ angular dependance on the PE yield for all
the prototypes modules (Ring 1 through

Ring 6) at UM ass 14



Cosmic data from the W&M stand : Resolution (SEG 1 - SEG 8)
Resolution : Gsigma/MP
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Red line : pol0 fit to the data  Blue line : MC prediction (corrected for the fADC effect a7,y = 6% + 0%)



Cosmic data from the W&M stand : Summary (SEG 1 - SEG 8)

Ring PE yield pz;'ggf_ig;zl;j Resolution % Resc_>|ution % Avg(;zge:z:;gn %
(MC) (Cosmic data) (MC) (MC corr. with fADC effects) (Cosmic data)

1 16.3 (+ 0.4) 16.1 (+ 0.9) ~29 (+1.4) ~ 47 (+ 1.4) ~ 45 (+ 3.0)

2 14.8 (£ 0.1) 15.5 (+ 0.9) ~ 30 (+1.4) ~ 46 (+ 1.4) ~ 49 (+1.6)

3 18.1 (£ 0.2) 17.8 (+ 1.0) ~36(+1.2) ~ 46 (+1.2) ~ 47 (+1.4)

4 13.2 (+ 0.1) 15.4 (+ 0.8) ~ 27 (+ 0.8) ~ 43 (+ 0.8) ~ 45 (+ 2.0)
5FF 23.6 (+0.1) 23.2 (+1.2) ~ 30 (+ 0.9) ~ 37 (£ 0.9) ~ 40 (+1.3)
5BF 23.6 (+ 0.1) 243 (+1.3) ~ 30 (+ 0.9) ~ 37 (+0.9) ~ 43 (£ 0.4)

5 (solo) 23.6 (+0.1) 246 (+1.3) ~ 30 (+ 0.9) ~ 37 (£ 0.9) ~ 39 (+1.0)

6 17.4 (+ 0.1) 17.5 (+ 0.9) ~35(+0.7) ~ 46 (+ 0.6) ~ 48 (£ 0.5)

Consistent results in terms of PE yield and resolution for the production

modules (Seg 1 through Seg 8) tested at W&M with cosmic muons
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Summary

 The overall PE yield agreement between the data and the MC prediction on
average is within ~ 15%

* The MC predicted resolution values after including the fADC affects also agrees
well with the W&M cosmic data on an average within ~ 20%

* The following details for each of the segments under cosmic testing are being
documented (DocDb)

» Information on the segment plate (sagging measurement, quartz tile positioning
measurement, production module mapping to the segment)

» PMT (+base) & Ring combination, HV & LV settings for the individual rings & the
event mode PMT gain

» PE (Langau fitted) spectra, path of the data file (raw & analysed), DAQ configuration
and analysis scripts

Thank You For Your Attention!!!
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Backup
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Cosmic data from the W&M stand : GSigma (SEG 1 — SEG 8)

g *FRing 6 2@ [ ndf 3a/7) & “FRingsFF 2ind 184977 ‘ & **[Ring 5 BF @ Indr 165.6417 ‘ € *FRing5 (salo) 2 Indi 187517
&2 sk PO 8674007598 | & so= po 9.504 = 0.311 | & 4of PO 10.14:0.09668 | & 4of PO 9.846:0.2277
o] E a E o] E o] E
25— 25— 25— 25—
20; 20; zof— 2of—
153— 155— 155— 153—
L P S S . N [ — + + 9 + ® 10, —+—* —# - — o & 10F b0 * 4, @ ¢
. * s ——— B ' E ¥ -
s s s s
I S e s e e e i o e e e v i e o e S VN,
Segment # Segment # Segment # Segment #
R6: Data : p0 -> 8.7 RS5 FFs: Data : p0 -> 9.6 RS5 BF: Data: p0 -> 10.1 R5 (solo): Data : p0 -> 9.8
MC prediction : 8.0 MC prediction : 8.7 MC prediction : 8.7 MC prediction : 8.7
£ “[rRing4 %21 ndf 1681/7 | & “[Ring3 %2 1 ndf 6012/7] £ “FRing2 % ndf 6124/7 ] £ “[Ring1 %/ ndf 6.886/7
& a0 PO 7.419:0.3405 | 2 5o po 8.63+0.2554 | 2 5o PO 7.878x0.2543 | 3 4F PO 7.25520.4719
a E o] E (0] E (0]
25 25— 251 25—
20; 20; zof— 2of—
155— 155— 155— 15:—
10; . . o + + + : m; + ® & ; % + 10; . N . . . . 10; . 3 ; P + l
3 LRI S 43 ! i3 ! P
T T s e e e e Tt e e e s i e e e R AU
Segment # Segment # Segment # Segment #
R4: Data : p0 -> 7.4 R3: Data : p0 -> 8.6 R2: Data : p0 -> 7.9 R1:Data: p0->73
MC prediction : 6.2 MC prediction : 8.3 MC prediction : 6.7 MC prediction : 6.9
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Red line : pol0 fit to the data

Blue line : MC prediction (corrected for the fADC effect a2y = 0% + 62)



	Slide 1: Performance validation of the main integrating detectors for the MOLLER experiment
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

