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MAINZ test beam campalgn (September 2023)
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CAD model showing the MAINZ
configuration

Entire front flush segment is
scanned with electron beam of
energy 855 MeV

Performance with different quartz
tles 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 integration mode



Performance of the individual Rings with electron beam of 855 MeV
(Spectra are fitted with Langau distribution)



In-situ PMT gain calibration
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« Data is taken when the is beam is hitting at the light guide region

« The spectrum is fitted with the PMT gain calibration script that is
being used to analyze the single PE measurements in the lab

« The Q1 value corresponds to single PE and it is then used to
calculate the PE yields from the Cherenkov detectors
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Ring 1: PE yleld Ring 1 dimensions:
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Ring 1: RMS/MEAN & Resolution Ring 1 dimensions:

Horizontal : 30 mm
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Ring 1: Effect of back reflector panels
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v" No change in the PE yield is observed due to the removable of the back reflector panels



Ring 2: PE yield

PE yields

PE yields
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Ring 2 dimensions:
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Ring 2: Resolutlon & RMS/MEAN Ring 2 dimensions:
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Ring 2: Effect of back reflector panels
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v' Performance without the back reflector panels seems better

v" No change in the PE yield is observed due to the removable of the back reflector panels
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Ring 3: PE yield
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PMT used: 542
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Ring 3: Resolution & RMS/MEAN
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Ring 3: Effect of back reflector panels
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v' Performance without the back reflector panels seems better
13

v" No change in the PE yield is observed due to the removable of the back reflector panels



Ring 4: PE yield

PE yields
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- : : 1
— : ----------------------- . ---------------------- -------------------- v : : -_-
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70| @  Herowsuvc e PE yield = (MPV/Gsigma)? w PE yield = (MPV/Gsigma)? w - PE yield = MPV/PMT gain
: :::::z:‘; :‘\: ::: 40 Corning-UVC (H: 210) : 40 Corning-UVC (H: 210)
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count

count

Double peaks in the pedestal Ring 4 dimensions:

2500 histogram
! Mean 1824 3 50_2 ersaus Ve (w54 o ] Horizontal : 120 mm
ool 21808 StdDev 6876 S 45| @  Homousuvo ey Normalized by PMT gain| — (W/O bevel)
E Heraeus (UVC) & : ::::j:wg((:ll::: PE yleld = MPV/PMT gain E Vertical : 213
o] 40 : o S N r— i = ertical : mm
- H:210V: 64 3 = Commaoveq o 2 ' ' o
w000l n Coming-UVC-W/O back reflector (V: 64) 5 ! ! !
C 30 e | Coming-uvg-W/o back reﬂeqoc (V: 69) . > 1 | |
- s & ob o b L. '
500;_ 25;_ .......................... H‘..* ........ é ................ : A\ : : :
- - - | | — |
O_l ol .2(|)0, B 'scl)ol 4(')01 W 's(l)ol B '7c|)0 205_ .................................................................. . JI. " G>J :
5000 . channel no 15:_ 3 ___d_ I __-‘____ q, !
r histogram - I(H:210,V:64) | B0 1
- Mean 183 10— : : : 1 I 1
4000— StdDev  62.94 - . 1 1 |
: 22464 5E-> ‘ | HorizontalScan| g ___[ . __1____. !
w00l Corning (UVQC) N S P U R SR R A S B , ; |
B 140 160 180 200 220 240 260 | | |
- W/O back reflectors Horizontal position ¢ : : - -
o H:210V:64 « S
- 250 210
b  Couple of runs show multiple peaks in the pedestal Horizontal (mm)
007 I I1L’|)0 = I2(;01 = I300 I ‘4(;0| — l500I = 16(|)0|h = ||700
Frstogram * Due to that some changes in the PE yield is observed
5000~ Mean 1926
- 22118 StdDev  69.75 . . .
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- ornin . ..
ek - 21 Of\%/ 64 the bad cable connection or fluctuation in the LV power supply
1000f—
- 15
c0 = 1(‘)0 I I2(;0 = ‘300 |4(‘)0 = I5(;0 = I6(|)0 — ‘700

channel no



Ring 4: Resolution & RMS/MEAN Ring 4 dimensions:

RMS/MEAN

100 : B TerseusUVC (V:59) Horizontal : 120 mm
- @  Heraeus-UVC (V: 108) € (W/O bevel)
L - R @) Heraeus-UVC (V: 64) € ]
= ®  Heraeus-UVC (V: 99) = Vertical : 213 mm
80 _.__ .................................................................................. ' Heraeus-UVC (v; 69) . .S T T
= ®  Heraeus-UVC (V: 110) * Ring 4 was operated at 975 V £ | ,
70— @] Heraeus-UVC (V: -32) > 1 1
- ] Coming-UVC (V: 64) * PMT used: 539 oL ___L_'___L____.
— ] Coming-UVC (V: 110) - 1 [
60: B Coming-UVC-W/O back reflector (V: 64) ° Q1 (@ 850 V) = 521 (1026) : :
— O Coming-UVC-W/O back reflector (V: 69) .
50— : | | 5 3 « Gain (x 108): 6.5 (+0.3) < 1 6
- ' ofTTTT T T T
40:_ ......... o M S Em— — R S ' ...... . Average RMS/MEAN (160-280 mm) ~ 30% I(H: 210, V: 64)
- : : : = | : . . I I
30— !. ,,,,,,,,,,,,,,,, N S— m ......... * Both the Heraeus and Corning quartz tile I I
- : : .. o 1 [
= 0 behave similarly TF---F-m -7
20:—_ ............................................................................................................................................................................. 1 1
- : I 1
FO e s ; S N S v ! !
- : . : 1 1
= : : ; -~ Horizontal Scan «
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140 160 180 200 220 240 260 :
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s ! [ — 5 S remvwcines i e E : i o S
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— Heraeus-UVC (V: 110 o = H
70 = ¢ 70! : Heraeus-UVC ((‘\i: -32)) 70! :
E ; Coming-UVC (V: 64) C
60 ; 60 i Z:::::zx/(‘)‘:;ck reflector (V: 64) 80 ;
s f 501 B Coming-UVC-W/O back reflector (V: 69) 50 ;
402 N 40; ., . 40;
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= | - i . E A
i S T LT ISR T THCI 1 ) BT o,
10E L L S R 111 SRR W S - e 10 : gy
EVerticalScan ~......... .. Horizontal Scan -VerticalScan. . .., .. . ...
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Vertical position (mm) Horizontal position (mm) Vertical position (mm)



Ring 4: Effect of back reflector panels

R6 R5 R5 R4

|
' 1
\ 1
' 1
1 |
il '
1 '
\ '
\ '
Catheﬂ i
e YAt
1

entral bear

* Beam hitting at Ring 5 BF
* Ring 5 BF center~H:80V: 64

* Signal from R4 is studied with and
without the back reflector panels

Normalised count

Normalised count

1.2

B Ring 4 with back reflector
1 __1 1 with out back reflector
08—
- H:80V: 64
0.6— T
0.4; : l
02— ‘
P P [ . Ll
0 0.5 1.5 2 2.5 3
PE yield
12— Rin g 4 with back reflector
: with out back reflector
1_—1 ‘
o H: 90 (90) V: 64 (69)
B L
0.6_—
0.4— =
0.2
—llll[llll|ll:riIlllllllllll
00 0.5 1 1.5 ' 2 2.5

v' Performance without the back reflector panels seems better

v" No change in the PE yield is observed due to the removable of the back reflector panels

3
PE yield

Normalised count

1.2
B Ring 4 with back reflector
1 T | - with out back reflector
083_ L
¥ t H: 75 (70) V: 64 (69)
0.6:—
T
L
% 05 S T TR
PE yield
1.2 .
B Rlng 4 with back reflector
1 5 1 with out back reflector
08— B H: 100 (100) V: 64 (69)
0.6— L
0.4—
- L.
0.2:—
% T S
PE yield
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Ring 5 BF: PE yield

PE yields

PE yields

50— - ; - ® Horizontal : 80 mm
~ Normalized by PMT gain (W/O bevel)
45—PEviald = MP\/ AT 1 | e L Heraous-UVC (V: 54) H
- F’E yield M?V/PMT gain z « Ring 5 BF was operated at 950 V Vertical : 140 mm
40— : : é  PMT used: 539 _
E Heraous-UVC (V: 63) £ I 1 - -
35_._ ‘ Heraous-UVC (V: 28) * Q1 (@ 850 V) = 283 (1011) g : !
- ’ — 1
— . @©
30— @ resmmvverizo + Gain (X 106)Z 3.5 (101) 2 oF--- __:_--:— —————
: ng-UVC (V. 64) H H o ' 1
osF ?] o e « Average PE yield is (70-150 mm); = . : _
— Corning-UVC (V: 80) . | 1 m
= - 32.8 + 0.16 (gain norm. I
20__ : Coening-UVC (H: 105) — (g ) g_—_—_—l__.‘____ d>,
- " commpve 190 29.84 + 0.04 (counting stat.) \(H: 80,IV: 64) 28]
15— ‘
] commpuvcoss « The Ringd BF Corning quartz tiles were _ ! !
10 T comeuvcorm polished from China ! N
5 - Corning-UVC-WIO back reflector (V: 64) il : : .
- Corning-UVC-W/O back reflector (V: 69) I |
0 200 250 ) 110 80
Horizontal position (mm) Horizontal (mm)
S0 : , T s » 50— - o 50— . ;
- Counting §tat|st|c§ @ e $ £ Counting statistics 3 FNormalized by PMT gain
455_'E’E“§£ié‘ld"”i“‘§MPV/GS|g§ma)2 ; e @ EPEVyisld = (MPV/Gsigma)? w “EPEVield =MPV/PMTgain
40:— - ; e 40:_, , ................. - 405 -
- $ evcvm 3 | S -
35 :_ P, 35 : 35 :_; ..................... A ? 4
o S0 _—— - A A = A i
30:_ ol .. Q Heraeus-UVC (V: 24) 30: A A 30: ”
| oo
20F— E camna v o109 20 z . z
155 T Coening-UVC (V: 130) 15; 15;
1o~ < o , o ;
= - . . Heraeus-UVC (H: 65) . :
— B oot v 5| 4 Heraeus-UVC (H:65) R AR s| 4 imm] O
3 alScan| , T ~Vertical Scan L _Vertical pcan
0" (l) o0 150 200 250 "0 50 60 70 80 100 “ % % ° % Veron position1(crjrc|)m)

Horizontal position (mm)

Ring 5 BF dimensions:

90
Vertical position (mm)



Ring 5 BF: Resolution & RMS/MEAN Ring S BF dimensions:

RMS/MEAN

100 = Fyg—— Horizontal : 80 mm
QO T % 1 -, (W/O bevel)
- P, s v o Vertical : 140 mm
1) Double peaksm _____ @ oo
-oF- | @ e « Ring 5 BF was operated at 950 V £ ! ! !
— ‘ Heraous-UVC (V: 28) : 1
5 + PMT used: 539 : Lo |
60_—- 6 Heeaous-UVC (V: 24) 8 2——————|—-—|— _____ ;
- 7] commpuvcoven « Q1 (@ 850V)=2.83(+0.11) E ' I I I
50— - , I I —_ |
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30E , + Both the Heraeus and Corning quartz tile : . |
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C : _ : - 1 1 1
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8 .
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Ring 5 BF: Effect of back reflector panels

.E .o E o
R6 R5RS5R4 R3 R2 R1 ¢ . Ring5BF | : L Ring5BF
’ b g ¥ 3 B 3 = —— with back reflector 2 - —— with back reflector
' 1 B s F g
W E F E F
o S L s L
e 1 H:0V:4 - H:0V:-46
00 — -
102 102
10° - 10°
R5 Moeller events E E
— L N
~ PE yield PE yield
R3 1
S
" g . 5 .
£ 3 1 Ring 5 BF ¢ 1= Ring 5 BF
iy 2 = ——— with back reflector 3 = ——— with back reflector
tral k n aks (z n - 2 = .
ol - g [ g L
‘0 s s L
E H:0V:-62 R H:0V:-72
|- - - -
© B C
102 107
o = -
- - -
= C N
v 10—35_ 10'35—
Horizontal (mm) L T R e R B 1040“”4““é“ll:ls““‘lz”"é””é”“;““é““slaP'Elylielld

10
PE yield

* No consistent data (in terms of Horizontal and vertical positions) where beam is hitting R6 edge and going
through the R5 BF lower light guide region after removing the back panels

* However, no exception is expected for Ring 5 as for all the other rings we do observe a low background, level
with out the back reflector panels



Ring 6: Scaling of the MPV due to change in HV

§ | voltage scan R6 o
- Fitted with: exp (constant + slope X HV)
B * Ring 6 segment scan was performed with three
B different voltage settings (900 V, 950 V & 1000 V)
i * The data for in-situ PMT calibration is available only
for 900V
xZ / ndf 9804/3 || ¢ The MPV of the spectrum is scaled down to HV 900 V
10° — Constant _5.84 = 0.01772 using the exponential parameterization
- Slope  0.01186 = 1.871e-05
& 1 T 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1

850 900 950 1000 1050
HV (V)
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Ring 6: PE yield

PE yields

RMS/MEAN

50

45

40

{ Heraeus-UVC (V: 54)

35—
30—

25

Normallzed by PMT galn

........................................................................

PE yleld MPV/PMT galn
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15—

10—

Horlzqntal Sqan
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70 —_ ...............

60 O AR

........................................................................
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20
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..........................

1 l 1 1 1 l 1 1 1 l 1 1

-40 -20
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PE yields

RMS/MEAN
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o 1
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80 100
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90

80

A Corning-UVC (H: 0)
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50—
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o 1

.........................................................................................................................

............................................................

...........................................................
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-60 -40 -20 0 20 40

60 80 100
Vertical position (mm)

Ol = = =

64

110

Bevel

A

Ring 6 dimensions:

Horizontal : 100 mm
(W/0O bevel)

Vertical : 260 mm

Average PE yield is
(20100 mm);

0
Horizontal (mm)

20.74 + 0.18 (gain norm.)
Average RMS/MEAN is

32%
22
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Monte Carlo simulation & comparison with the beam data

50

45

40

35

30

PE yield (Langau Fitting)

25
20
15

10

1

2
3
4
5B
6

F

26.6 + 0.1
25.0+0.1
22.5+0.8
23.6+0.2

32.8 +0.2 (UVS)

20.7+0.2

30.2+0.1
26.1 +0.1
25.5+0.1
24.3+0.1

37.0+0.1 (UVC)

21.5+0.1

Honzontal posmon [cm]

PE yield PE yield RMS/MEAN RMS/MEAN
(beam data) (MC sims) (beam data) (MC sims)

~ 30 %
~28%
~28 %
~30 %

~ 25 % (UVS)

~32%

30 %
28 %
28 %
28 %

23 % (UVC)

23 %

Geometry in the MC simulatio

Good agreement between the MAINZ test
beam data and the Monte-Carlo (~ 10 %)

Work is ongoing to simulate the cosmic
stand setup at UMass

23
Work done by Jonathon Mott



Cosmic test stand at UMass

i

* Different trigger scintillator configurations are being tested in the lab

* Data taking in ongoing using a CAEN QDC module

« The FADC based readout system will be used to compare the data
taken using the QDC

 Benchmarking the performance of the individual detector rings with
cosmic and its comparison with beam data and monte carlo

Config 2

Config 1 = -
% Plastic scintillators

%

Ly | o 4/

Plastic scintillat

I —

24
Work done by Joelle Beck



Summary

* Both the quartz tiles Corning and Heraeus give us comparable PE yields for all the rings

* For all the detectors (R1 through R4 and R6) the RMS/MEAN value is found to be ~ 30 % & for
R5 BF it is observed to be ~ 25 %

* The UVC light guide material gives us the desired performance for the modules Ring 1
through Ring 4 and Ring 6

* Forthe Ring 5 BF, the UVS light guide material gives us the required PE yield

* The removable of the back reflector panels help to reduce the background with out affecting
the PE yields

* The MC simulation shows very good agreement (~ 10%) with the MAINZ test beam data

« Data taking is ongoing with the UMass cosmic stand with different trigger scintillator
configurations

25
Thank you for your attention...



PMT gain calibrations

gain

- PMT-615
Gain@900V=1.8x106
107 —
- 22 1 naf 95.35/9
- p0 1.167e+04 + 2971
B p1 0.007694 + 2.587e-05
1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1
800 850 900 950 1000 1050 1100
HV (V)
g 22/ ndf 1.457e+11 /1
) 1.185¢404 + 2835
ol 0.0064711 0.0002044

107_

Gain @ 850V =2.9x108 PMI-542

1 1 1 1 1 1 1 | 1
1000 1050 1100 1150 1200

HV (V)

gain

107

gain

1T 11

T

T

PMT-616
Gain@ 900V =5.5x10°¢

x2 / ndf 159.6 /9
p0 9220 + 204.2

p1 0.009189 + 2.527e-05

oo b e b by b by

700

107

750 800 850 900 950 1000

HV (V)

' PMT- JLab
Gain @ 900V =2.7 x 106

i x? / ndf 0.6322/3
i p0 1112+ 1619
i p1 0.008673 + 0.00134

o v b b by b b b by Ly

1020 1030 1040 1050 1060 1070 1080 1090 1100
HV (V)
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