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[ DHCAL concept and GEM Detector

» GEM detector is composed of a chamber, HV supplier,

anode board, readout electronics, and DAQ program Electron Avalanche
- Amplification

GEM-BASED DHCAL CONCEPT
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l Drift Region ) Coppef\ +*_- = .5
cmm—ceg b
| Transfer Region AR
! . GEM Foil Q Q C 100
I Induction Region K)pton ‘ '
L e e
—|>—>Readout
Chamber filled with gas
NOT TO SCALE
Ar:CO, =80:20

N 55 ym ° MM
Ny
»>Passive (material) and Active (GEM) layers /@ | 50 um
Polyimide 140 pm

»Increase spatial resolution (1 x 1 cm? readout pads)
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Flexible configurations: allows small anode pads for high
granularity

Robust: survives ~10%2 particles/mm? with no performance
degradations

Fast: based on electron collection, ~few ns rise time
Short recovery time - can handle high rates

Uses simple gas (Ar/CO,) — no long-term issues
Runs at relatively low HV ( ~400V across a foil)
Stable and robust operations
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310x310 mm?2
Active area : 280x280 mm?

» Active gas room

350x350x6 mm3 - For 3/1/1 gaps

» KPIX:64, DCAL:256 readout channels 64-readout pads
J
4 )
*KPiX readout system/SLAC *DCAL readout system/ANL
v" 13 bit resolution(ADC) v 1 bit resolution(ADC)
v’ Designed to handle 1024 channels/chip, v" 64 channels/chip
currently 64/chip (ver.7) v'2 gain ranges
v'3 gain ranges « High gain for GEMs (10
et Normal gain fC~200 fC signals)
: 5 « Low gain for RPCs (100
"""" fC~10 pC signals)
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Some test results with 30x30 cm? chamber/KPiX

Effective chamber gain to HV gz >Fe run result S—
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We use an open gas system (gas flows at atmospheric pressure).
Thus, pressure inside chamber is affected by the atmospheric pressure directly.

This pressure change affects the chamber gain.
\ The chamber gains were recalculated to the values at 1 atm. %
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Cosmic run/KPiX

i
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Cosmic Run/DCAL
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Entries 177982
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Source: Ru-106(p—ray), 20cm elevation
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10

FNAL beam test/Setup

GEM6: KPIX
GEM7, GEM5, GEM4: DCAL

C1,C2: 2x3 cm? - 2x2 cm? overlap
C3,C4:10x10 cm?

Beams: 32GeV Muon, Pion, 120GeV Proton

GEM7 GEM6 GEMS5 GEM4 GIA RS

Entries 7175
Mean 73.23
RMS 60.44
¥2 / ndf 369.1/178

C4

180 Constant 1025+ 19.0
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Energy: 120 GeV

Vol o3
l C1C2 l EEE Sigma__ 13.97:0.22
l l 1oo§
e
402
20F
lJ:uI S T E—TE 300 = 500

Particle: Proton
Trigger: 2x2cm?
Charge (fC)

R R LA LA

GEM6: Read out by 13bit KPiX designed for the ILC time line

GEM7, GEMS, GEM4: Read out by 1bit DCAL chip by ANL and FNAL

GIA: Medical image intensifier prototype with 12 bit ADC in-house readout

Triggers formed off the motion table:

1. 10x10 coincidences for guaranteed beam penetration through the detector array
2. 2x3 coincidences arranged perpendicular to each other for 2x2 coverage in the center of the detector array
3. Coincidence of 1*2: Guaranteed beam penetration with center 2x2 coverage (efficiency ~95%)
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Proton(120 GeV) signal

BG noise

Summed Charge Plot

hSummedHit

Entries 7693

£200C
o E

180 FH\»
10 [ ‘U\
140 |
120 ‘
100
80-

40—
20

"0 50

pi: J ‘%“h

1,
W,
M, o s

150

Mean  66.64
RMS  51.05

200 250 300
Charge Value (fC)

KPIX chamber efficiency/Proton |

Summed Charge Plot hSummedHit
E)unn Entries 15392
H L Mean  0.8067
w RMS 2.766
8000 —
6000 —
I
4000 I
2000 |
o i P
e 50 100 150 200 300

e e
N (=] -
T T 7T T
RN

o
kS

Chamber Efficiency

o
(%)

Efficiency curve

s,
",
as,
Wiy,

L[ emeagas, L

cc
3]
o

Threshold (fC)

Pl
150 200

300

N;=number of hits above threshold
N,,=total number of hits

250
Charge Value (fC)

BG subtracted Proton hits

‘E 220,
E 200
180
160/
140
120
100
80

60

40

20

ntr
Mean 68.96
RMS 50.4
2 I ndf 32061149
Constant 1232195
37.122035

jma 13.3940.18

%, Landau fit

e Lo L L ) ISP
50 100 150 200

250 300
Charge Value (fC)

| Efficiency As a Function of Threshold |

Efficiency

High Voltage
- — H.V. 1850V
UiS H.V. 1900V
- H.V. 1950V
0.8
0.6
0.4
- 120GeV P
L 2x2cm? .
0.2
L ~95% @5fC —
: L | - | - | - | R B
0 10 20 30 40 50

Threshold (fC)

HEP/UTAN

LCWS12



Beam direction

(120 GeV Protons)
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Hits from Pion Showers

GEM 7- Upstream

25635
19
6781
3299

2765

GEM4- Downstream

5190

72682
7574

Holes are dead channels or
suppressed noisy channels

2 chamber and 3 chamber
coincidence hits show minimal
fraction of events with multiple
particle hits per trigger
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Hits above 5fC were counted and normalized to 1000

Demonstrates the KPIX capability to take many hits simultaneously HEP/UTA A

Pion HV=-1950V

‘ Pion shower HV=-1950V |

| Pion Response 5+ fC |
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96x96 cm? large GEM chamber

Anode pad:1x1 cm?

v CERN-UTA joint developed
32cmx96cm GEM foil
v'Single-side etching technique

Spacer barrier :
(5mm x2= 10mm) Cathode(t=2 mm)

Drift gap=3m m,_“*

4 mm

Transfergap=1mm—{ = =ZZ=Z=ZZZZZZZZ=ZZ:2 =
Induction gap=1 mm™

DCAL chip

~——Anode& Board
~Front-end Board
Assist Strong back

I ' Steel, t=18 mm
Gap=13 mm
1x1 m? area

~12.4 mm
[
|

Unitchamber1 ' Unit chamber 2
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Assembling LGEM-+spacer

Cathode with spacer

LGEM with spacer

*Spacer wall thickness=0.5mm
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LGEM qualification(resistance measurement)

FOIL NAME | Nuwippuss | <bowrstin> | Nowp>2000s | Notes

Strip 9 failed
e = hel 2 Strips 17, 18, 21, 23 & 30 >2000s
LGEM2(T) 31 1720 3 Strips 2, 3 & 20 > 2000s
Strip 21 R.,; @ 130GOhms

LGEM3(I) 31 1711 4 Strips 15, 20, 26 & 31 > 2000s
Strip 17, 18 failed

LGEMA4(T) 29 1549 2 Strips 4 & 5 > 2000s

T 71T v rrp -~ ’°—"“"7°0 7T T W77 T T T 7T T T T T T T
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 Summary

» 30cmx30cm GEM prototype chambers and test runs

v

AN N NN

v

Construction of 4 prototype GEM chambers using 30x30cm? GEMs
Equipped with KPIX(64ch) and DCAL(256¢h) DAQ system

Test with radiation sources(Fe-55, RU-106, Cs-137 etc.), cosmic rays
FNAL beam test

Analyses of over 7M beam test events from Aug. 2011 run in progress
Continue taking cosmic ray data with these four chambers

» 32cmx96cm unit chamber construction proceeding

v
v
v

Built mobile clean room for foil certification and chamber construction
First 5 foils of 32cmx96cm delivered and qualification completed
G10 spacers delivered and assembling of spacers and LGEMs completed

» Mechanical design of anode boards for 32cmx 96cm unit chambers being
working on with SLAC(KPIX) and ANL(DCAL)
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Reconstructed event animation

Beam Test at FNAL(UTA HEP, GEM detector with KPIX9, > 5fC hits)
Focused Pion bea 1 Pion Shower
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Setup for LGEM resistance measurement

LGEM
Electrometer — e o — — — —
4 (Keithley 6145) -
. ic
| —>
Analog output f' N
g outpu |Rj

) AV RS —= C(Q)

A 4

Equivalent circuit

During the R measurement, 6514 is sourcing a known constant current i (1 nA).
Thus, R=V (Gohm) for the Ohmic material.

LGEM2-14 LGEM1-18

>260GOhm )

500 1000 1500 2000 2500 3000 3500 4000
Time (S)
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