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Leptons

Standard Model: The most successful theory so far ... However ...

Spin structure

Mass structure

What does a proton

a1 Tar e s look like in terms of

3
'v,.it
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quarks & gluons?

| Dynamics of gluons

- EIC: The next QCD frontier, understanding the glue that binds us all

~ 1% of proton mass

/

Proton

«168x10% g

~99% of proton mass

- Collider requirements: High luminosity & energy, variable CM energy, all- A

nuclear beams, polarization in e- and light ions

- Detector requirements: Hermetic detector, low mass inner tracking, good PID

(electron/pion/kaon/proton) in wide range, calorimetry, forward & backwards
tracking
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acceptance: H: 500 mrad V: 400 mrad A@v )
MWPC's + Cs| <

beam rates up to ~10% Hz

UV mirror
Wall (21m?)

material in the beam region: 1.2% Xo

material in the acceptance: 22% Xo

detector designed in 1996

| 1
20 30 40 50 60

total investment: ~ 5M €
p (GeVie)
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- Therequirementfor EICis to
have large area Detector of
single photons with small pads
(3 x 3 mm?) over several m2.

- Mosaic architecture with all the
components and services
installed within the active area
has been developed.

Drift Wire Frame

THGEM 1
THGEM 2

- 100 x 100 mm?active area
hybrid modules with 32 x 32 3
; 3tmm2 Pads are built for lab
ests.

Micromegas

Capacitive
Anode PCB

- Each components of the hybrid
modules are characterize
separatelyin the lab and then
the full module was
characterized.

- The R/Ois with APV -25
based Scalable Readout
System (SRS).

R/O Card
Support

I R/O + HV CARD

Shuddha Shankar Dasgupta, University and INFN Trieste

)
INFN

C

Istituto Nazionale
di Fisica Nucleare
Sezione di Trieste



— )
B INFN

®8 Pre production quality control e

di Fisica Nucleare
RICH2018 Sezione di Trieste

50 foils of 1245 mm x 1092 mm

- cut out borders
- 800 mm x 800 mm
- thickness measurement

Positioning blocks

. . R 700 X 700 mm?
for each foil 36 x 36 pointsin square pattern are measured | active area

2 measurements (direct and reversed) to allow consistency checks. L -— g

E "0 o "o [ ; —  T52CMap
E R [ | Entries 1289
= E = HE F | Mean 4716
> 600 a 83 oo 250

L |Auws 1,932
12 ndf 12.28/10
L | Prob 0.2667
200 - i
Mean 471.2+01
Sigma  1.935=0.045

counts

« all foils have been labelled and
measured = database of local
thickness of all THGEMS

« The best region forthe
Quadrotto have been selected
for available Pieces.

100~

LOthickness™

1. 6%

thicknessy,,, — thicknessyy,

100

200 300 400 200 800 Z00 ) T | | | ‘

: - - ) SRR SR S Y T under pressure to induced flatness
thicknessy,y I typical result for a good piece. Wl P

thickness =
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To drill 15K holes, it takes ~ 3 hrs
® The costis 1Euro for1000 holes...

We (at ELTOS spa, Italy) produced ~ 8
Pcs.

Polishing with pumice powder + cleaning
in high pressure water and ultrasonic bath
with high pH (~11) liquid + drying in oven
at 160 °C also to fully polymerize the glue
for 24h

Before treatment After treatment
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THGEM Characterization

THGEM
Sector 3

THGEM
Sector 2

THGEM
Sector 1

R/O Sector 7

R/O Sector
5

R/O Sector
3

R/O Sector 1

R/O Sector 6

R/O Sector
4

R/O Sector
2

R/O Sector 0
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« All THGEMs are characterized using the « CREMAT CSP with AMPTEK MCA 8000A is e
AMPTEK MINIX X — Ray source used as Readout. romm HGEM
« For characterization 128 PADs (Anode + Gas used Ar:C0O,70:30 = fz_sﬁ ===E=E===
without Micromegas) are used all + DeltaV scans are performed in few R/O
together. sectors followed by a uniformity scan
4225-1925-600-Sector8-150ch-100amp-cri10.mca DeltaV Scan
@  F F =B [ e——————————— — x?/ndf 23.42/6 [
gizun [ Erme T § - | Constant -12.81+£0.164 |
= T Mean sma || |2 [ Slope 0.01413 + 0.0001256 |
| BMS 131.5 30:5‘ L e e e e e e e
1000 — *= { nedf 2428 / 292 w [ N H N S
- Prab 0 ;
— Constant 11124 35 I e S S
B0 — Mean 4775102 ? ? ?
= Sigma E3.114 019
_ 10
S THGEM MOD1.4
oo Sector 7 |
200
B 1 1 | | | | | | | | | | | | | | | | |
fa 200 200 500 800 1000 1200 1250 1300
ADC Ch DeltaV [V]
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THGEM Characterization e
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THGEM THGEM
Sector 3 Sector 2
213.904 215.396
t
R/O Sector 7 Be Ssec = e S3ector R/O Sector 1
R/O Sector | R/O Sector
R/O Sector 6 r E R/O Sector 0

Sector 0
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THNGOEM Gmax Gmin Delta m max V_g/10 Vc Start date End Date
1.1 73.61 61.34 0.20 / 0.09 \ 1290 151 946 5/31/2018 6/1/2018
1.2 329.82 295.41 0.12 0.06 1325 163 906 6/6/2018 6/6/2018
1.3 173.65 150.91 0.15 0.07 1260 161 897 6/4/2018 6/4/2018
1.4 215.40 195.77 0.10 0.05 1315 168 893 6/5/2018 6/6/2018
2.1 185.74 159.51 0.16 0.08 1290 166 906 6/7/2018 6/7/2018
2.2 295.26 237.07 0.25 0.11 1290 142 923 5/23/2018 5/31/2018
2.3 233.13 188.47 0.24 0.11 / 1275 164 902 6/7/2018 6/7/2018
2.4 191.80 171.91 0.12 \0.0S/ \285/ 166 903 6/4/2018 6/4/2018
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- Therequirementfor EICis to
have large area Detector of
single photons with small pads
(3 x 3 mm?) over several m2.

- Mosaic architecture with all the
components and services
installed within the active area
has been developed.

Drift Wire Frame

THGEM 1
THGEM 2

- 100 x 100 mm?active area
hybrid modules with 32 x 32 3
; 3tmm2 Pads are built for lab
ests.

Micromegas

Capacitive
Anode PCB

- Each components of the hybrid
modules are characterize
separatelyin the lab and then
the full module was
characterized.

- TheR/Ois with APV -25
based Scalable Readout
System (SRS).

R/O Card
Support

I R/O + HV CARD
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2 PCBs are equippedwith a
bulk Micromegas at CERN and
fully characterized at our lab.

- Both for HV and R/O PADs,
Each 8 X 16 PADs are
connected to the SAMTEK1143
(130 pin) SMD connectors.

red pad: readout

70 um

fiberglass

- The HV is delivered through a
card with 128 SMD 470 MQ
resistors for each 128 pins.

- Both Analogue CREMAT CSP

chain with MCA and APV -25 5 ' 'Y & : . | c1 = Mesh at ground
! 1-3%% Detector
based SRS systems have been 3 H HEBHHL _1
used as Front—End R/O. AT HH Pre — Amplifier
1A G : : ¥% RIO Resiter | )

. S5Fe or MINIX X - Ray source HI eSS RR e Fag u1
have been used for 23 n K8 K B8 I Hts J BN
characterization. S S S R 3 3 €5 £ 2

JTHHBE g I

. Gas Used Ar:CO, 70:30. : :H; : -

3
|8 &
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2 PCBs are equippedwith a
bulk Micromegas at CERN and : 2 ﬂ
fully characterized at our lab. S5 e ; e iy <l
- Both for HV and R/O PADs,
Each 8 X 16 PADs are
connected to the SAMTEK1143
(130 pin) SMD connectors.

- The HV is delivered through a
card with 128 SMD 470 MQ
resistors for each 128 pins.

- Both Analogue CREMAT CSP 3 1M Bab bl
chain with MCA and APV —25 | | AR AR
based SRS systems have been 3 | : s L g O
used as Front—End R/QO.

- >>Feor MINIX X —Ray source
have been used for
characterization.

- Gas Used Ar:CO, 70:30.

Shuddha Shankar Dasgupta, University and INFN Trieste 1 3
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= 4
: i ok
2 = 210° =
B = -
g F MM1 _ g F MM2
B Eff. Gain B
~ 15K :
10° = 10° = Eff. Gain
- - ~ 12K
107 = 10?7
E ﬁ;;df 5337604/ 18 E g Itr:df 2.4276+06 ] 18
— Constant —8.836 £ 0.1477 L ro
10 Slope 0.025710.3002407 10 gf:;;;tam 0_02;152'9:3_3001'222
:'I""I""I""I'IIII ;||||||||||||||||||||||||||||||||||||||
450 500 550 600 ?9?\,] 460 480 500 520 540 560 580 600 620 640 '

« >>Fe X —Ray source

« CREMAT CSP based Analogue Read — Out
With Spectroscopy Amplifier and
AMPTEK ADMCA 8000A.

» Gas Used: Ar:CO, 70:30 14
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The Bulk Micromegas with MiniPADs ...

di Fisica Nucleare
RICH2018 Sezione di Trieste

w 1000¢
3 900F- 55Fe Spectra for 128 Pads |—av=510v |
O =
# 800
: 700/
- The first analogue spectra 500E-
from 128 PADs together 500F-
were with distorted shape. 400
300
- A testof single pad 200F-
spectrum shows that there e

(=]

is x2 difference in
amplitude between PADs.

66 63 62) 61
12 70 59 58 57,
] 76 75 74 73 56 _—-55 54 53
80 79 78 71 2 51 50 49
84 83 82 81 48 47 46 45
88 87 86 85 44 43 42 41
2 91 90 89 40 39 38 37
96 95 94 93 36 35 34 33
100 99 98 97 32 31 30 29
104 103] 1024 101 28 27 26 25
108 1071 106 105 24 23 22 21
1120 111 119 109 20 19 18 17
=16l 115 114 113 16 15 14 13
> J | 120 1t 117 12 11 1 9
Charae (fC) 1 1221 121 —7 6 5
12 1271 126 125 4 3 2 1

- A measurement of the
capacitance from these
PADs to Micromegas has
been measured.

1500

1000

- Corrected off line for the
relative capacitance one 500
can correct the differences
in Amplitudes.

Count (n)
N
a
[=]
PR o
IIII|IIII|IIII|IIII|IIII|II
o
(3}
—
o
—
3
N
o
N
311
- w
- 8
] w
(3}
e
CEL I
$ o
N
N

o

35
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o 1000 :
3 900F- >5Fe Spectra for 128 Pads |[—av=s10v |
& 800
- Thefirstanalogue spectra el
from 128 PADs together were sooE
with distorted shape. 2
400
- Atestof sinﬂle pad spectrum 00
showsthatthereisup to *x2" 205
difference in amplitude e .
between PADs. % "5 10 15 20 25 30 35 40 45
. Charge [fC] 63 62 61
- A relative measurement of Ehia = = A
the amplitude was performed | Sio= . , S sd 49
by InJeCtln'g atestpu Ise. . 80E- Fe Spectra for Single Pads Yy BT BT
through PADs and reading it Soc 'E I
with standard analogue 20— 339 37
readout chain. O gty e g 3934 33
@ e ADCchannel ™ ool oo of o7 32 31 3d  2d
- Corrected offline forthe S o0 104 103 102 101l 28 271 26 25
reletive capaciiance one can | &' D e et
gg%?glggplltUdesarelnthe ig;: 116 1151 114 113 16 15 14 13
' oo 1200 119 118 117 12 11 10 9
NS 12 1220 121 8 7 6 5
0 12 1270 1260 125 4 3 2 1
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For easy use of Scalable
Readout System (SRS) we
developed a LabVIEW based
DAQandthe C++ based data
decoder + Analysis software
including the GUIsfor easy
access.

Can handle morethan 1k
channels, can be extended to
several k channelsif needed.

The DAQcannotonlytake
datauntil ~ 10 kHz (1APV) but
can alsodo online analysis to
show online pedestal
subtracted hit mapsand
Spectra of all the channels

Raven DAQ and decoder

INFN
Istituto Nazionale
di Fisica Nucleare

Sezione di Trieste

[

e D | S n | Lomrsy o e Pt |

f—— pesmsi [

peen | s | it |

Spectrum acquisition &> 4 Feee

|

Before take a pedestal!l||lll!

o T
Pongrodorn wa [T Hacour[reen

sRs

dAta
eVent
dEcoder
aNalyzer

Shuddha Shankar Dasgupta, University and INFN Trieste
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- For easy use of Scalable
Readout System (SRS) we
developed a LabVIEW based
DAQandthe datadecoder +
Analysis software including the
GUIsfor easy access.

Can handle morethan 1k
channels, can be extended to
several k channelsif needed.

The DAQcannotonly take
datauntil ~ 10 kHz (1APV) but
can alsodo online analysis to
show online pedestal
subtracted hit mapsand
Spectra of all the channels

Raven DAQ and decoder

# Counts

~J
[=]
=]

>5Fe Source

600
500

400

300
200

100

| 1 1 1 1 | 1 1 1 1 | | 1 Il ] L J. el 1 L ‘ Ao
200 400 600 800 1000 1200 1400
Energy [ADC Ch]

o

# Counts

— xzfndf 781.5/713
- Prob 0.03782
103 | Constant 8.449 + 0.005
= Slope ‘ —-0.1276 + 0.0003
u UV LED Source
10° =
: ol 'l,\l
10 =
E IJ| | l
B |l ”
U=n
: L L | L L L L | L L L L | L L L L ‘ L L L L ‘ L L L L ‘ “HH‘ HH
0 10 20 30 40 50

Charge [fC]

Shuddha Shankar Dasgupta, University and INFN Trieste
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aNalyzer
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- Therequirementfor EICis to
have large area Detector of
single photons with small pads
(3 x 3 mm?) over several m2.

- Mosaic architecture with all the
components and services
installed within the active area
has been developed.

Drift Wire Frame

THGEM 1
THGEM 2

- 100 x 100 mm?active area
hybrid modules with 32 x 32 3
; 3tmm2 Pads are built for lab
ests.

Micromegas

Capacitive
Anode PCB

- Each components of the hybrid
modules are characterize
separatelyin the lab and then
the full module was
characterized.

- TheR/Ois with APV -25
based Scalable Readout
System (SRS).

R/O Card
Support

I R/O + HV CARD

Shuddha Shankar Dasgupta, University and INFN Trieste 1 9
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—
3

Spectra for all chs of 1 APV after clusturing

4000

AV Scan

Effective GAIN

Counts

3500

£

- The AV scanwas
performed with Two
THGEMs coupled to one 10°
of the Micromegas.

3000

2500

2000

1500

- Thefirst THGEM was kept Tt 10878 | 1w
at1240V Of AVan d th € i ggonk:;lant -2.395% 83123; soofH-
r\/leas;l1 Ea.t 65‘4.()\/'53 r](j 1:?](3 AR I T Y T RN N VI Y SO N |Sl?p? i |0'90§E;t4 # D“OOQEH?1Q D: L L T el L
scan was performed by 950 1000 1050 1100 1150 1200 "¢ ’ oo B R T e (ADG o)

varyingthe AV of the
second THGEM.

45000

# Counts

—

40000

35000

- Thegainwaskept =
between23 - 12k forthe ™= Multiplicity distribution 3
APV dynamicrange. 2000 ’
- The Clustersize and the 15000~
spectrashownis for the 10000
gain ~ 12k 50002__ e ?Xaxis[PAD?

T T Hit map for 1 APV after clusturing

Cluster per event (N)

Shuddha Shankar Dasgupta, University and INFN Trieste
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- We are preparing for a
test beam to test the first
100 x 100 mm2modulein
I/Ttbeamin T4 beam
ine at CERN SPS.

- A quartz radiator will be
used to generate the
Cerenkov Photons.

- Trigger will be generated
from the finger
scintillators on the beam

- APV -25 based SRS
system with our Raven
AQ and decoder will be
used for data taking and
analysis.

- Results will be compared
between the old 300 x
300 mm? prototype and
the new module

Shuddha Shankar Dasgupta, University and INFN Trieste 2 1
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11 ,H x 100 mmz2 Hybrid

;'“’ PAD PD module has
~ been builtand characterized

in lab. >

.

N
) ’ \
2

. i

et - ——— i o ,,_ g

- Limitations for the prototype
has been find out and
productlon of updated pieces

- are in productlon

THANK YOU

Shuddha Shankar Dasgupta, University and INFN Trieste

The f|rst prototype module
will be testedin beam at
CERN IN October 2018.

- Firstresults are very
promising for a such modular
high space resultion detector
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Backup: Gain Sharing

Effective Gain

10°

10

10"

Effective gain*transfer of THGEM1in Ar/CH4,
with THGEM2 and MM at nominal voltages

%2 / ndf 0.5003/3

Prob 0.9188 |-
AV, 1011+ 5.909

Slope'[V] 108.6 + 1.569

‘ Effective gain of Mcromegas in Ar/CH4, with
THGEM1and THGEMZ2 at nominal voltages

—| %2/ na 7.209/18

,| | Prob 0.9882 | : : : :
10 i U el SR

Effective Gain

AV, 416.7 £ 1.021

Slope™ [V] 42.24 + 0.2268

/ 40— o o : i : : co
30 _ : ..........

s B | o S S e

" 10 L. ' o : : : ‘ S ...........

N
N oW aO
I

R T A O T N M AN T NIRRT |

I/ L 1 1 1 1 L 1 1 | L 1 1

800 1000 1200 1400 460 480 500 520 540 560 580 600 | 620

AVTHGEM1 [V]

Nominal gain: ~30000 with:
THGEM1 gain* transferl: ~ 20
THGEMZ gain*transfer2 ~ 15

Micromegas gain ~100

Shuddha Shankar Dasgupta, University and INFN Trieste

)
INFN
L/.

Istituto Nazionale
di Fisica Nucleare
Sezione di Trieste

23



)
INFN

BACKUP: IBF o

di Fisica Nucleare
RICH2018 Sezione di Trieste

IBF on Top1in Ar:CH4 50:50 using UV-light source

AVDriﬂ =0V AVTHGEM1 =1275V AVTHGEMQ = 1225V VMesh = -624V %Z”“mm
_ Quartz window Kapton window .
r 6= XZ / ndf /3 Field wires “ Ve Electrodes:
o r C 2 7 brift wires
e 50 p0 2.678 £ 0.6221 iy
C \’ Drift Region —» I THGEML I
4 :_ 10 mm Topl Bottoml
- I L L L _— _— d
L Transfer Region 1 > THGEM2
3= Smme I Top2 Bottom2
: ] L L _— _— _— L]
, i Transfegrrﬁ:gicn 2 —» MinOQﬂ‘ESh Vesh
- : s . EEEEEIEEEEEENEEEEIEEENEEEEENENENE Anode
= InducltzlgﬂmRegmn — 8 5/
- Anode
1=
0
j'— | | ‘ | | | ‘ | | | | | | | | | | | | | | | | |
350 352 354 356 358 360 362
Anodic current [pA]

The result of the direct
measurement: 3% nicely
matches the expectation

Shuddha Shankar Dasgupta, University and INFN Trieste 2 4
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Board 1 Board 2
- 4 PCBs have been . e . =2
z % iy 1?24 Z 50 ;r:;es 6716;f;
produced and two of i el @
. 50 ¥* 1 ndf 78.23151 ¥*/ ndf 74.01/53
them have been equipped Al
. . 40 ;Z';i‘aﬂ‘ 6.815e-12 15-05?3656:—32 ;Zf;‘am 67e4420:7§,;e147§
W It h a b u I k M I C ro meg a S Sigma__ 1.509e-13 + 5.212e-15 20 Sigma__ 1.884e-13 + 5.685e-15
.

20

- For each the capacitance !
between the Readout ‘
pads and HV PADS have %57 7621 Go 68 7 72 74 75 'Ta;[plﬂ 52 64 56 68 7 72 74 718 '78'0'[plﬂ
been measured.

[
=]
L L L B B L LI N R I

@
]

o E B3 o = B4
2 Entries 1024 2 Entries 1024
. . Po) 5 0 Mean 6.871e-12 e Mean 6.916e-12
° A Va rl atlon ~ 3 — 5 /o have L Std Dev 2334e-13 50— Std Dev 1.806e-13
r x* { ndf 1215/ 60 C ¥* /1 ndf 5843 /47
H 40— Prob 4.589e-06 o Prob 0.1226
e e n n Otlce . r Constant 3837+ 176 40— Constant 4374 +1.91
- Mean  6.824e-12 + 6.809e-15 C Mean  6.893e-12 + 6 408e-15
20 r Sigma 1.91e-13 + 6.54e-15 C Sigma  1.827e—13 +6.200e-15
[ 30—
20~ 20
10 10
ol rill] PRI PN IR IR B, L iy <1077 ok 1077
6 6.2 6.4 6.6 6.8 7 72 T4 76 78 6.2 6.4 6.6 638 7 T2 T4 7.6 78
C [pF] C[pF]

Shuddha Shankar Dasgupta, University and INFN Trieste 2 5
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Effective Gain Vs Time For 2 days (30/06 and 01/07)
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- 44 | | | | A
g L. GAIN MEASUREMENTS | | S e
g gt ALTERNATING X"
o 40 T W W/O CORRECTION | 198 F T4s4 4
Effecti:lv(:tth:ie:o\"ls Time: With (;:;t::;:::r:cr:DZZG/OG to 28/06) o
13500 giﬁ%ﬁ *
W R e Bada
boby TTSEEINTS, TR R

9:00:00 AM  1:00:00 PM  5:00:00 PM  9:00:00 PM  1:00:00 AM  5:00:00 AM  9:00:00 AM  1:00:00 PM  5:00:00 PM  9:00:00 PM  1:00:00 AM  5:00:00 AM

Time[HH:MM:SS]

applying voltage compensation: gain evolution ~ 40% =2 ~ 10%

[P Qe e | e

Correction of Voltage f(P,T) LabVIEW
based system fully automated +

logging

VC&IC = VU 1+ «a

P — P,

26



