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Comment Drift G1 T1 G2 T2 G3 Offset

Scouting runs to look for a better HV configuration for less GEMlder scan 40 | 960 440/500/49 500 401
saturation 900 455500 40 00 5| 30

e Ladder VGEM, same gain more diffusion (first GEM amplifies s60 425 500 420 500 41510

960 430 500 420 500 410 10

more than 2nd and 3rd— proposed IN Fine Pitch GEMs in Triple GEM detectors - CERN 960 435 500 420 500 405 10

GEM ladder scan_400 960 400 500 400 500 400 10

960 405 500 400 500 335 10
Document Server 960 410 500 400 500 350 10
960 415 500 400 500 385 10

e Transfer Field Scan (increase diffusion between GEMs, loss Onftlldscan 60440 500 440 500 440 1

840 440 500 440 500 440 10

of electron extraction efficiency) 720 040 500 040 500 a0 10

600 440 500 440 500 440 10

e Drift Scan (increase diffusion of primary charge, N0 gain 10SS) e o o0 smu

960 440 300 440 300 440 10

960 440 200 440 200 440 10
960 440 100 440 100 440 10

Measuring the response to 5.9 photoelectron at different source  vemwsoonmsean a0 a0 0 05 a0 20
positions 720 10| 00| 10|00 10| 10

— Indirect way to estimate measure the saturation 280 420 500 420 500 420 10

600 420 500 420 300 420 10
720 420 500 420 500 420 10

VGEM420-DRIFT SCAN 360 430 300 430 500 420 10
480 430 500 430 500 430 10
720 410 500 410 500 410 10
360 430 500 430 300 430 10



https://cds.cern.ch/record/2869182

G S
? Where we are INFN

GRAN SASSO Istituto Nazionale di Fisica Nucleare
SCIENCE INSTITUTE Laboratori Nazionali del Gran Sasso

We Expect a constant light output as a ‘_g} a
function of the z position, with a decrease £ 3000/~ Nominal: A
as the position increase due to electron ol - ) .
. 12000 ~  GEMs 440V A
light B
integral - A
11000
= A
10000}
R 5 A
Position 9000 :_
Because of saturation we observe an increase of - A
light output with the position. Electron clouds - .
more near to the GEMs diffuse less so the same 8900
charge is shared among less holes. In each hole e T e BT
the charge density for saturation is reached Position
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e Adopted by COMPASS/CMS GEMs to reduce o Pl 1 oofig T sy f h
. . & R TN 168 F Left: VG3 scan wit
charge density for spark suppression | §uo 18 different T2
e Proposed by RD51 group to mitigate saturation g1 ER-hd Right: VG3 fixed scan in
. . ) . St ST s VG1-VG2
Fine Pitch GEMs in Triple GEM detectors - CERN  £'7F 5 nowsven 5 15 NB Ar/CO2 70/30
©16F .3 T2 @3700/cm e e )
Document Server |015| L1 |1f0\ L1 11f5| L1 \2_OI —\0!5| L1 |1!0\ |1 |1!5| 11 |2!0| |
Effective detector gain in 10° Effective detector gain in 10°
Drift 800 V/cm, 4scans with 0,5,10,15V difference in each GEM, the sum is conserved e No evident Saturation
mitigation
T 5 - g T 1 o VGEM difference too
8 ¥ £ 5400 . ¢ g C .
S 1 i £ >0 . 1 * " I « o 7 small, indeed we are not
'y : 5200 : = o - seeing any change in
1900— - B .
i i, 5000, . fooo .o ‘ sc_tgaussigma ot
1850? 4 ; . 4800i 10000; ., : SC_Ienght
1800 \ - : Yo o Should increase the
C 2 4600? 90005 n .
1750- : S difference to
- 40 OV o ¢ 4400— oo 8000 ® & ouotnenna .
1700~ - : 420V |7 S R appreciate the effect
esab L ; 4200:_. . 7000+ 440V oo e DavideP won the battle but he'll not win the
SOOI L L R I I R w0 e s 20 2 0 war
Position osition osition

NB-> MAXYV reached for GEM3 so the sum of voltages is not conserved

| & |
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5+ 315V

e Reduce the Transfer field to increase longitudinal 21
diffusion thus charge density i
e We expect a loss of gain due to the reduction in
electron extraction efficiency e

N
=)

Left: VG3 scan with
different T2

Right: VG3 fixed scan in
VG1-VG2

=
©

Ratio photo/escape
= —
94 o™

TTTTT T TIT T TTT T TTTT]T

Ll b e b e

b bivor biver bt

o Should compensate with larger VGEM like Fine ~ &16- 75 o imama =5, e as Tl NBANCO270/30
PItCh GEMS In Trlple GEM deteCtorS - CERN Effective detector gain in 120? O.ESffecti\llg)detei-tsor gaizn.?n 10°
Document Server
7‘55, L % 1f— ° : - - X
‘g B N inal € e b v [ L . .
£ oo Mo 5 095 . Since the gain decreased a
10000]" ) 09" v, lot we cannot disentangle the
i v N " C u ® o o
sooak _ 0851 . ’ effect of diffusion and the
L v L ® .
T RS R ¥ 2 one of reduced gain no
Lo ors- conclusion has been made :(
4000__ - ™ n ™ Papy—— E Normalized
" - l1:0Transfer 07—_A Y to max ~®- 0.5 Transfer
2000_— A~ 1.5 Transfer E - 1.0 Transfer
: ° ¢ e ° ° ® N 22 ::::::: ] 065__7 4 1.5 Transfer
‘ ‘5‘ S ‘1|0‘ o ‘1‘5‘ L '2‘0‘ L 5 : 30 ‘ E ¥ 2.0 Transfer
Position 06 [ v v b v by 2.5 Transfer
5 10 15 20 25 30

Position

Davide Fic | & \ |
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e Reduce the Drift field to increase longitudinal diffusion thus charge density
e We expect a loss of primary charge at large distances because of the larger attachment

VGEMs @ 440V
E’ 13000/ i % s * .
e - B ¢t ¢ & *| Clear Effect on
8 L & [ ] i 8 MO u o
12000C Nominal s 7 .« : . . ! saturation: the plateau
- ® - 0.9 ° v .
: - : . is reached at lower
11000 - C o8 = positions i.e. the larger
E . 08 ¢ diffusion helps to
et T 07, share the same charge
. e e oo | ON'More GEM holes
> Tooe | oss. ¢ Nomelie vomon
: # ¥ 700Vem™ Drift E v to max ~¥- 700Vem ' Drift
8000 : | ‘ I ‘ I ‘ N ‘ L 11 800V0m-1 Drit 0 6 ;\ | | I | | L 111 | L 111 | L 11 800VCH’I-1 Drift
5 10 15 20 25 30 5 10 15 20 25 30

Position Position
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The saturation reduction is strictly correlated

S —
E 7'5 __ . ° . ° ° I
= with the increase of the diffusion!
o B ®
g 71 u
o - °
o L
| - u | A
O
w B @
6.5 N A v
- e ®
6 L v
- . . A %) C % 48 j N
L c - = L
v S sl 5L L .
: A 8l C + a 4ﬁj u
5.5 =y S0 Pt : T
B F L v 44 . v
= o A - + v - ° N
- 48— ¢ R -
- v L ] v 42 L A M
S5 - 46F . r " . 7
B A B N B .
— L 40— N
B . M ~®- 400Vem'! Drift a4 « =7 - .
[ -1 . * - A
4.5 — * - 500Vem’ Drift 42} . - 38— : -
B = A 600Vem' Drift - . C e
~ ~¥- 700Vem! Drift 40 f‘ v @ 400Vem' Drift 36 ;A . ¥ @ 400Vem' Drift
- v 1 P A -8 500Vem™ Drift i K B 500vor Drift
4 T T 800Vem' Drift 38—= A 600Vem” Drift 34 je A 600Vem” Drift
L ~¥- 700vVem Drift L ~¥- 700vVem Drift
5 1 O 1 5 20 25 30 -y 800vVem'™' Drift -y 800vVem'™' Drift
ags 36‘\ | ‘ I | ‘ I | ‘ I | ‘ L1 | 32—{ | ‘ | I | ‘ | I | ‘ | I ‘ L1 |
Position 5 10 15 20 25 30 5 10 15 20 25 30
Position Position
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4
% 8000~ % 5400 VGEM @ 420 V 50
8000~ 0 - @ LA ¥ i ° * , VGEM@ 410V
- VGEM @ 430V * ¢+ 52000 v T 3000
L] B i . n .
: ‘ * * + C ® : " A n .
7500— 4 " 5000~ . * . ogoo—, 4 .
[ * ? % 4800j n ® : v n °
I " Y B . 2600 — v N .
7000 — M 4 4600 — i n :
B Y ¢ Y N i 4 u L k4 . "
i 4400 i 2400— .
- 4 B L v
B L] M C C
6500 — 4200_ i 'y - i
L ¢ L 2200
Y Y 40007 : - Yy _
. - Drift_720 - - Drift_720 - ~» Drift_720
N ‘= Drift_600 3800 = Drift_600 2000 ‘= Drift_600
6000 ; & Drift_480 B -+ Drift_360 i “& Drift_480 .
i ift N i A - Drif
[ ol - Dl'lft_360 3600j N N ¥ D“ft_960 | I SRR N NN BN RN A B R O B v un t—360 |
5 10 15 20 o5 30 5 10 15 20 o5 30 5 10 15 20 25 30 3
Position Position Position

e (@ 440V all the drift field reach the same light plateau
e Lower amplifications do not reach the same plateau, where is the charge?
o Saturation mimic a lower recombination+attachement
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430-420-410 normalized
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L ° B
- A L N ]
0.85— B
i 0.8—
n ¥ A B M
- | L A
‘e Drift_720 0.8 o Drift_720 |, 0.75 " Drift_720
= Drift_600 L = Drift_600 i = Drift_600
- Drift_480 i -+ Drift_360 0.7 & Drift_480
. [ . [~ . v
- D”ft—360 0.75 7\'| Lo b b by e ant—gso ool b P Ly v Dl'lft_360 \
25 30 5 10 15 20 25 30 5 10 15 20 25 30 B
Position Position Position

e (@ 440V all the drift field reach the same light plateau
e Lower amplifications do not reach the same plateau, where is the charge?
o Saturation mimic a lower recombination+attachement
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Measuring the light output as a function of the source distance

O

Indirect way to estimate the saturation!

Ladder in VGEM did not have any effect on saturation

o Voltage difference too low indeed no variation in 5.9keV spot dimension
Transfer field scan did not have any effect on saturation

o Impossible to disentangle gain reduction from increase in diffusion

Drift field scan worked, reduction of saturation is directly correlated with increased
diffusion

o GEM @ 440V showed a lower saturation without loss of light

o Working @ lower V means also to lose plateau light

If we need to find a HV configuration to completely eliminate the saturation and
maximize the light output we need to do dedicated measurements!
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Fit on descending part

>_ —
—l - . .
3100¢ ¢ , Only possible on Drift scans 430-420-410
3000E- . No descending part in 440VGEM
- ¢
- A
2900: 0 o
2800 ' g
2700 a2 [
- 5000} . " % soooi— 4\‘\4\,}\
26001 : Ce T : ;
- 4800~ : i i ! \
B - 7500
L L i L
- oo 3 i "
2400— -* Drift_720 i : oo :
- _ 4200, i
2300 & Drift_600 - \ 65001 "
- 4000|- I .
: - Drlﬁ_360 \;\ C & Drift_ 720 B e Drift 720
2200 = v b P | 3800 i -
5 10 15 20 25 30 i  Drift_600 6000 = Drift_600
POSItlon 3600% [ R R AN I BN AR B! - Drift_360 \\\ 7?. IR I R RN BN SR B * Drift_360 |
5 1520 %W 5 1520 23
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Attenuation length measured in LIME...
If no saturation — the 3 curves should be the same!

—_ =2500
§ @ veEm Saturation mimica ¢ |°"™*
5 Mo * | lower diffusioni.e. 2 | o
k5 13| A VGEM_410 4 e %2000 A VGEM_410
£ a larger 5 T
- attenuation length 2 [
g $1500{— 11
1000|—
500
- L -
_III|IIII|IIII|III||IIII|I|II|IIII [O]—I_[l]e[Q] , IIIIIIIII|||||||||||||||
400 500 600 700 800 0

400 500 600 700 800 900

900
VDRIFT (V) VDRIFT (V)
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—®- VDrift 360V
® VDt 600V When Drift field is the same we may look
Vi 20V for asymptote for attenuation length
- (like Raphael did with VGEM scan)
_ [m_] |
2
- [O] T [1] = ”| e Such dataset is B3
: not suited for &}
i that (only 3 S
- T VGEM point 3
- ~| e Average ofthe 3 o
- asymptote: F
& . " -4.9+/-12.2 . 1
41|0I — |41|5| — I4£0I | I42|5I — I4:|J,o cm ST T Wi
VGEM (V)

Davide Fic
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optimization b
Goal — No Saturation at 1cm (or less) drift distance, Highest Light output Element | ko [keV] | kg [keV]
pOSSible Cu 8.04 201
How — Measure the absolute saturation at a certain energy! fIh E: Eza
Ag 22.10 24.99
e We need multiple energy peaks: Ba 3206 | 3655
o The first one should be lower as possible (3.7keV Ca and/or 4.5 keV Th | 4423 | 5065
Ti) meas pesk 4
o Larger energies peaks will be used to measure the saturation e
o e.g. Iron spots at 5.9keV 1.6 times larger than 3.7keV reference means |  \__~
no saturation at 5.9keV
o Then it is matter to play with Drift/Transfer/GEM voltages to optimize .

the light output while having a flat saturation curve eneroy




H Try with LIME commissioning data INFN
< 50;
Q450 4 K, line Eogzt?otgkelp at LNI? \:vit)h multiple sources
gl S - -10-19-colimeet-roma (infn.it
5 a0L - Kj line L
) - M
5 3oF . Data extracted with webplotdigitizer!!!!
8 %0
3 25 |
()] - i Numbers Description PMT
= 20; .
15 = ++ ' 5790-5860 Multi-source High Statistics No
100 7
- ’,’ 5861-5911 55Fe: BKG and High Statistics + Water Cooling No
5 &
:||/||||||||||||||||||||||||||||||||||||||||||||||| 6121-6141 Titanium+BKGHighStatistics Yes
0 5 10 15 20 25 30 35 40 45 50
Expected energy (keV) 6143-6290 Calcium + Pedestal Very High Statistics Yes

— gl B i 3] & INEN S ; %


https://agenda.infn.it/event/33483/contributions/187329/attachments/100526/139849/2022-10-19-collmeet-roma.pdf

G S
? Try with LIME commissioning data INFN

SCIENCE INSTITUTE Laboratori Nazionali del Gran Sasso

< 50¢ . Emeas
2455 ik, line e Expected distance of a peak from the Ca_Ka one
gao- meas
2 35- b Carq
3 30-
% 25 e Measured distance of a peak from the Ca_Kaone  [jexpec
g 202_ *§ 1.2
150 ++’ Eexpec
10~ Carq
5- #° 10 | q¥
% 510715 20 25 30 35 40 45 50 ~ o o
Expected energy (keV) 2 o8 o ® o ® ® ®
2
If the 2 ratios are equal there ¢ .
. . (]
Is no saturation z This data shows huge
e The ratio of ratios | | & 04 saturation from iron energy
.e. The ratio of ratios is equa up to — ALWAYS
to 1 0.2
. | didn't find any info about

o s 1 15 2 2 3 3 a [IMEWP duringthistest :(

True Energy (keV)

| & INFN1
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