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OUTLINE

= INTRODUCTION AND MOTIVATION
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DEVELOPMENT

= SIMULATIONS ON RATE CAPABILITY
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CONSORTIUM
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GEM-TPC Development for tracking at Super-FRS

FAIR is a Facility

for Antiproton and
lon Research.

The concept of the
FAIR Facility aims
for a multifaceted
forefront science
program, beams of
stable and unstable
nuclei as well as
antiprotons in a wide
range of intensities

and energies, with

Time line:
R&D finish and Design frozen:
Q2/2016

Mass production: Q2/2017 -
Q4/2019

Projectile:
Elements p - U
Energy up to 1.5 GeV//u

The NUSTAR Facility at FAIR

Intensity up to 102 /spill The 3 Branches of the Super-FRS)

Spot size on target:
Oy= 1.0 mm
0,=2.0mm

._Production
Focusing Target
System

Super-FRS

Pre-Separator .".xﬂ*" H——

Energy Intern-al target

= Buncher
y \ s eA- o
@) | Collider *

Low-Energy
Branch

The superconducting in-flight
separator (Super-FRS) has three
branches and will run in slow and fast
extraction mode.

Part of the Finnish Contribution will be
in Diagnostic systems, which is a work
package dedicated to provide 36 GEM-
TPC detectors.

Optimum beam 55 e | Followed the LOI an EOI has been

o e : it already submitted to the In-kind
qualltles Tlme Table Spans tl” end 2025 review board for this workpackage.
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The main question in Eurorib™ 08
was can we make such detector
that will have rectangular
shape, use the GEM as
amplification stage, and be able
of tracking ions: from protons
to Uranium; with intensities up
to 1 MHz and position resolution
less than 1 mm

Field cage

" B B
E » & 2

F 3 Y Y Y

GEM foll

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 4



F.\IR GEM-TPC Development for tracking at Super-FRS ‘?’ 5}

JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

TOTEM GEM Assembling

Currently in
production

02.09.06 Francisco Garcia - HIP for PANDA Workshop 3

26.12.15
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT
i @/ NUSTAR Activities at HIP / Super-FRS Diagnostics ]

TRACKING TPC DESIGN

Preliminary TPC design

N-Xyter (:hips

06.10.08 Francisco Garcia - One day Workshop on Finnish Contribution for the FAIR Facility — Helsinki 6
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JOURNEY ACROSS THE GEM-TPC

GEM Foil

Extraction of the Electron Cloud and
Signal Induction

Collection efficiency

decrease at high drift field
values due to defocusing of field
lines above the GEM

NN

| Ecoltection (EqrimVUcew)

Extraction efficiency Eain
decrease at low transfer fields values .
due to a worst electron extraction

capability from the lower side of the E,

GEM no signal ! aus

26.12.15

DEVELOPMENT

GEM-TPC LAYOUT
Drift

Electrode

Field Cage

l?\
----“%ﬁ-----------GEM #1

--d’ﬁqﬁ#---------d GEM #2

“W

- - GEM #3

P> Readout Electronics (AFTER/XYTER)

I GEM Operation Principle I
Cathode
!
Electrons: - i || :IDHS Getxii
Field -
E;:::‘:"" e e ™ Ton trap
~40%
ti
| Field 2 mm
l 1
I .:I 6T Anode Ton Feedback = 2mm
(9::‘!" xf?ﬂmparemy) Toitr/ Lot
2 mm
. 8
Time = ~6 ns
@ clectron cluster s - ]
® ion cluster °.
e o Tlme = ~1 us

L

°o °
o
.
.

@ clectron cluster
@ ion cluster

e S0y

i some ion clusters
are trapped by copper

o i

Avalanche development in
time domain

The hole are completely ion free after 1 ps

high rate capability

Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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Leakage Current Measurement Electrostatic Test for all the frames @
1E-6 : GEM-TPC prototype GEM Stack - GEM foils produced at CERN 5 kV POSSibIe breakdOWI’]S Corrected
e with Nuvovern
1E~7v5 d1d
168 BEE % Top frame glued to the GEM foil
= 15 »g ; ) =Gy w0 Qe Qe @D,
i’ 1E-9-§ i E% - ' @ :_-====———‘ P
3 Jif ' ==
1E-10 4 - :3\“ x :
1E-11 — :
1E-12 ]
0

Triple GEM stack

R. de Oliveira et al.

Based on 9 Mpix
camera with
integrated
telecentric
optics for this
setup one pixel
corresponds to
1.7 x 1.7 microns

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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Optical
Characterization
for the SuperFRS
GEM foils

RNEY ACROSS THE GEM-TPC DEVELOPMENT

| . . A2
I Inner Hole Diameter A. Karadzhinova, E. Briiken, T. Hildén
@ 16 x10° - x10°
= F3DMT_d_i_3 =, F3DMB_d_i_3
2 B Entries 342486 Q 16 = Entries 337513
O 16 Mean 4797 (@] [ Mean 4784
N o N Underflow 0 i 1 4 L Underflow 0
Y— - Overflow 0 [T = Overflow 1
o] 14 — Integral 34226405 @] R Integral 3.373e+05
[ B Skewness 0558 121 Skewness 1.443
(1)) = 2/ ndf 68121213 N # 1 ndf 6937 1 205
0 12 N éon;sm 1.665e+04 + 3.773e+01 Top 8 - ;ons(anl 1.607e+04 + 3.565¢+01
E - Mean 47.94+0.00 E 10 — Mean 4778+ 0.00
10 — Sigma 0.8043+ 0.0012 - Sigma 0.8205:+ 0.0011
3 - 3Sigma underflow 2283 : B 3Sigma underflow 1803
pr 8 - 3Sigma overflow 3660 = 8 n 3Sigma overflow 5844
- Bottom .
6 a 6F
4F 4
E e Data (hole diameter) N Data (hole diameter)
2 » m— Gaussian fit 2 » = Gaussian fit
0- ] 0’ ]
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| | |
I Outer Hole Diameter I
» X 0° = x10°
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o 9 Entries 312150 o 7 Entries 302870
(] E Mean 69.34 o - Mean 66.16
L 8F Underflow 0 i o - Underflow 0
— = Overflow 0 w— 6f Overflow 1
(@] = = Integral 3.104e+05 (@] 3 Integral 3.017e+05
- - Skewness 1.855 “ N Skewness 1.251
() F x2 1 ndf 2.297e+04 / 428 o 5F x* I ndf 1.788e+04 / 440
O 6F Constant 8356 +21.9 Top o) 5 Constant 65032 17.1
E B Mean 69.11+0.00 E N Mean 65.98+ 0.00
5F Sigma 1.374+0.003 4 Sigma 1.744 £ 0.003
3 E 3Sigma underflow 4540 3 E 3Sigma underflow 4111
Z - 3Sigma overflow 12165 Z - 3Sigma overflow 8402
4F 3F
K Bottom 5
3F C
E % 2 =
2F _ - ‘
- Data (hole diameter) 1 - == Data (hole diameter)
1 } Gaussian fit N Gaussian fit
03 L e e o i A L el
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GEM-TPC Development for tracking at Super-FRS
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RNEY ACROSS THE GEM-TPC DEVELOPMENT

Mapping for all the parameters per GEM foil and per side
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OF
PHYSIC!

JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

Integration of the HB1, GEM-TPC, Feb. 10

Flange of the GEM-TPC
HB1, read out by
delayed lines

Capacitance measurement setup Comenius University - Bratislava

Triple GEM stack

Field cage of 60 mm drift

First GEM-TPC called HB1 detector
(Helsinki Bratislava prototype 1)

- 2.

Readout Board Capacitance Distribution

Connector 128 strips
50 4

—=— Connector 1
= — Connector 6

404 f\

“f‘ {
/I T\
@ 30 - .
£ AR Right: The electrodes of the
] | | . .
6 [l l‘.‘ board with strips of 200 um
20 fd - |
g | l\ width and 500 pm pitch
| \\
10 D :
\,\, _ And 8 Header Panasonic
. f -7-\'”*\“:*, connectors with 130 Pin each
0.2 0l3 0!4 OIS 016 0‘7 OIB 0I9 1|0 1I1
Capacitance, pF

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 11
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

GEM-TPC test in lab at Comenius University

It can be observed: GEM-TPC tracking
« Signals from the capabilities for 55Fe

delayed lines are = ==
very clean

e Same relative time
between them
*Trigger signal
bipolar, it can be
that the 40%
negative overshoot
Is due to e-
transparency loses
in the GEM 3

e T T Db Cown Ve W s e

In the picture above there are multiple picks
from the different source positions.

: : : : The source was not very well collimated
Trigger Signal before Trigger Signal V\{lth rise therefore a mm scale resolution on X was
reshaping and decay time achieved and the trigger was taken from the

P reshaped bottom of the GEM3

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 12
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FIRST GEM-TPC PROTOTYPE HB1 - TEST (cont.)

‘ GEM-TPC Beam test at GSI - Darmstadt \ E wl
> L RMS y 2842
: Beam profile
50—
f 64Ni ions at 550 MeV/u
10650 0 50 x{‘,‘;’.?,,] At the prespec experiment - S363
bruenle FRAME 1 SEPTEMBER 17, 2010 12.27.34
Igii= ity
i : [
= IGEM—TPC Gain I
| ‘ GEM-TPC at S4 |‘/
i e 7,"3”;0 wo e — 1T NI,
S363, 64Ni, 600 MeV/u, 1le7/spill, Bentley/Gerl, Sept.2010

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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FIRST GEM-TPC PROTOTYPE HB1- TEST (cont.)

(e FAIR

GEM-TPC Development for tracking at Super-FRS

‘ GEM-TPC Results for the Beam test @GSl ‘
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GEM-TPC POSITION RESOLUTION
parallel strips + beam focused

0.5

T T T
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fitl
fit2
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0.2
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0.15
0.125
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0.075
0.05
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i i
-10 -5 0 5 10
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I
-15

20

GEM-TPC POSITION RESOLUTION
parallel strips + beam focused

T T T T T T T

B i x=0+-30 —l—
X=0+-3 —&—

- fitl
- fit2
w
i : - £ ;

1 1 1 1 1 1 1
20 -15 -10 -5 0 5 10 15

Y position cut in TPC4 and TPCS5 (mm)

20

The GEM-TPC shows that the resolution in Y (Drift) reaches value around 130 um and on X between 130 to 300um

26.12.15
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14



/// i -
..rgi@.'uig'm F'\IR GEM-TPC Development for tracking at Super-FRS I‘|/' B L

|
|
|

-200

-400

Illlllllll

——
| TPC5_ADC_X 22:08:16 |

LR 22:08:26
éﬂﬂﬂ

-
1500

L —t i —

1

L-R ADC [ch]

R
|
|
|
|

On the top left GEM- and on the right the

1000

C-Pad TPCs exhibit some modulation.
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1000 to the preAmps signals.
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We were confident that
this Concept of a GEM-
TPC for tracking at the
Super-FRS could be a
potential candidate

The requirements of Spatial resolution
were fulfilled and even improved.

The detector shows good stability; run
for several days very without sparks.

The requirements, in terms of rate
capability were not reach.

In order to increase the counting rate
of the detector, we would need to use
high density high, speed electronics.

?NEY ACROSS THE GEM-TPC DEVELOPMENT

26.12.15

Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

‘ The second GEM-TPC HB3 is now on development ‘

| HB3 Top Flange |

GEM stack and

readout board
together with
the Field cage

Cooling
connectors and
flange test

bench

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 17



GEM-TPC Development for tracking at Super-FRS

JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

The Noisy guys
HB3 with four GEMEX cards

‘1‘}1 " '! 1

"A‘ .!:!"I, o
I (N s

N L

m o

GEMEX cards provide by B. Voss et al.

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

‘ HB3 under test in the Lab. ‘ [ sFe Signalsin the Lab |

Noise of 32 MHz from
Explode clock in the
trigger lines

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 19
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RNEY ACROSS THE GEM-TPC DEVELOPMENT

-
O
C

HB31 ADC vs channel # - sorted 13:41:17 2012-07-28 Analysis/Histograms/HB31_sorted

o

3500 % Distribution of the signals amplitude vs. the e —— ——
sooa channel number (back side) |

= Whole
2500 |— o

— active area
2000 = of the
1500 F— Detector
o |rrad|ated

= with >°Fe
500 ——

£

4000 l’2'5575;;3
ss00 I Front side of the detector, it has 512 strips parallels to —— ——
the front side '

3000 fL We can see
2500 — that the

= whole
2000 E_ : detector
1500 — works

— properly
= from both
500 — sides

= L |

B 0 2CIJO 5CIOO

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 20



..!'Q@.%F F'\IR GEM-TPC Development for tracking at Super-FRS - ‘f’ : E 5 ][J

JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

HB32 ADC vs channel # - sorted 16:35:56 2012-07-28 Analysis/Histograms/HB32_sorted

4000
| Distribution of the signal amplitude for the Front side of imegrar 21160104
3500 — the detector Skewne?;sv 21"?4 -0.83931
L Irradiated with a
3000 — narrow beam
- using small hole
2500 — collimator
2000[— ; i
1500 |—
1000 |—
500 —
O [ | | | | | | | | | I | | | | | | | | | I | | | | I
0 100 200 300 400 500
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

I Pedestals of 4 GEMEX cards and Pulse Height distribution of one channel I

Projection of the beam in X cenex et
S coordinate ey o1
s RMS x 6.557
| ProjectionY of binx=22 | (RN ] RMS 385.9
g F RMS 304 In X
3 direction the
: beam size
was of 7 mm.
HB3 shows
15 channels
at 0.5 mm
per channel
Elle Edit View Options Toffs Help
_ADC GEMEX | / GEMEX_S0_E1
/ Entries 679478
4000 - Meanx  29.75
| TDC GEMEX ] GEMEX_TIME_S0_E1 / Mean y 962.3
Entries 679478 =0 RMS x 14.48
InY Meanx 30.08 ‘ 2= RMSy  398.1
direction the 1000y , Eéag"xy 1376 j = 17
; ! 285.2 -
was at the ; X
center. HB3 4
shows 200
counts which 0
IS a systemic
error to be
corrected ;
during data ;
analysis
26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

hi h2
| HB2vs TPC | Entries 83008 | HB3f vs TPC I Entries 90074
_ 100 Meny  mEmmt 100 . Meny 413
E - RMS x £ - RMS x 19.61
E gol— RMS y 9 £ 80— RMS y 19.14
= — Skewness x 5 -~ - v Skewness x  -0.4926 |
X - Skewness y x - Skewnessy  -0.5357
o 60— - € 60— 3
T 350 & [ —ls00
40— o 40—
: w0 T _F
201 =i 0L —1400
0— 0— =
o o C - =300
201 2% 20
40— o150 40—
60— 60—
80 :_ 50 -80 :—
-10 :l L1 l Ll 1 l L1l I Ll I L1l l | - l L1 l | - I Ll 1 11 o .10 :l 11 l 11 1 l L1 I 11 1 I 11 l L1l l L1 l 11 1 I | . | [ L1 o
q 00 80 60 -40 -20 0 20 40 60 80 100 q 00 -80 60 -40 -20 0 20 40 60 80 100
TPC tracked x at HB1 (mm) TPC tracked x at HB3 (mm)

Position correlations between the TPC tracker and the HB2 and HB3
for the run 150. It can be seen that the GEM-TPC record similar
distribution as In the tracker

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla 24
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JOU ?NEY ACROSS THE GEM-TPC DEVELOPMENT

| HB3f vs TPC | T
] Mean x 7.876
— B Mean y 48
= RMS 4,695
'250 E - o Rms; 4.735
- N = = | Skewnessx  0.198 |0
. : ~ . Skewnessy 0.08504
. I -~
—_ o ™ - 5 - =
200 E 55 500
n .
m L
I B N
150 50— - —1400
C 300
100 45—
E_ 200
50 40 3
100
" 3/ 1
20 0 5 10 15 20 v
TPC x (mm) TPC tracked x at HB3 (mm)

due to the fact that the baseline fluctuations were not monitored
during the data taken.

The nonlinearity for the HB2 and HB3 for the run 150. Variations are

26.12.15 Francisco Garcia— FAIR mini-workshop in Jyvéskyla
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RNEY ACROSS THE GEM-TPC DEVELOPMENT

HB3 front
11 r - T
128 i 154
135 +—@—i 155 +—@—i
1t 139 @ 156 —0—
140 157 +
r Y 141 158
142 =@ 159
0.9 1:3 ® %—; e
44 0 s 4
0.8+ A n P B
5 " " . 147 —— }—}‘—:—‘
148 165
0.7 ' . 149 - 166 ._t_‘
o 150 167
" 151 —— 169 —A—
0.6 ° - 152 +—— 170 +—
i 153
0.5 B
oL
04 I~ Y } ‘
n
0.3 'i ‘§1 a @
@ L’ .
0.2 e ® H
0.1 *
0 A I i L 1 1 i
-80 -60 -40 -20 0 20 40 60 80

X position cut in HB3 by TPC1 and TPC2 (mm)

The position resolution in X coordinate for the HB2 and HB3 for all
the runs. Variations are due to beam characteristics
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RNEY ACROSS THE GEM-TPC DEVELOPMENT

HB2 efficiency HB3f efficiency
110 T y T 110 . r r
100 | L] . L] ma mgEn 100 - 0 g snEn ssEpenm
lv ] " "I- ca.. o0 i l_: .E'l LR f. 8 o000 ERER
A ad
90 - 3 . it 90+ : 4 N
. i
80 80 +
;5 70 s ;\; 70
ok . > 60 f -
= 128 i 154 —l— = 128 —l— 154 —i—
Y 50t . 135 bt 155 it 2 50} L] 135 bt 155 btpet
& ! 1 140 8 157 1o & 140 10— 157 1o
©40f o i 141 8 156 T 40 i 141 8 158
b ::4.? e gfq,_._. u e dn—o—«
30 f : ehe 3 i 30} 145 @ 162 4
20 146 @ 165 s 20 146 @ 165 s
A :.-1’4 :.:5 A :.-1’4 .:3 &
10 A ¢ 151 8 168 10 151 @ 166
gl | g¥ B 15 e 1% e . | | | | | 153 e 170 e
-80 .60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80
X position cut in HB2 (mm) X position cut in HB3 (mm)
Efficiency plots for the HB2 and HB3 for all the runs. Variations in
the efficiency are due to beam configuration and readout electronics
settings.
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JOURNEY ACROSS THE GEM-TPC DEVELOPMENT

TO SUMMARIZE:

First meeting at Eurorib’08 with H. Simon

Meeting at HIP and GSI in Oct. 08 and Feb. 09

Creation of Consortium: Comenius Univ. and Univ. of Helsinki Feb 09
First visit to Bratislava, March. 09

Design of GEM stack at HIP, April 09

Production of GEM foils at CERN by R. Oliveira, Nov. 09
Successful Tests of the First GEM stack, Dec. 09

Integration of the HB1, GEM-TPC, Feb. 10

First Test Beam at GSI with HB1, GEM-TPC, Aug. 10

Meeting at HIP and NUSTAR meeting at GSI in Jan. 11 and Feb. 11
Concept of GEM-TPC for SuperFRS presented to RD51, Apr, 11
First discussions about twin TPC by B. Sitar, June 11

NUSTAR meeting in Bucharest, Oct. 11

The twin GEM-TPC design starts by R. Janik, Jan. 12
NUSTAR meeting at GSI, Feb. 12

Integration of GEMEX into HB2 and HB3, GEM-TPC, Apr. 12

Beam Test at GSI with HB2 and HB3, May. 12

 The Spatial resolution requirements fulfilled
 The Rate capability increased, but yet no as required
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Efficiency Plots simulations for the GEM-TPC equipped with Delayed lines and with GEMEX readout for the case
of P10 and a faster gas. The twin GEM-TPC using a 1.6 us time window and a 21 ns check sum can reach 1.75 MHz
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B. Voss

Lateral view

This GEM-TPC has a twin configuration, which means that two
GEM-TPC are positioned back to back. This will allow us to

View from the top

increase the tracking efficiency in high rate environment.
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Hits on the X coordinate
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THE TWIN GEM-TPC - HGB4
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THE TWIN GEM-TPC - HGB4

Hits distribution for a field of 150 V/cm
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ORGANIZATION

Work package

2.4.6.1.3
Jyv
T. Grahn
y y y
Comenius Univ. GSI
FMFI Det. Lab. Det.Jab.
B. Sitar B. Voss E. Tueminen

I ssues:

= Consolidation of the Consortium

submitted

. Requirements has been established

. Proposal to the In-Kind review board has been

. This year is dedicated to test Final Prototype

Relevant Milestones:
= Preparation work - ending Jul. 2016
. M4 Contract sign - ending Oct. 2016
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OUTLOOK

Tests with protons in Jyvaskylda, sometime in March’2016. main goals are: proton
detection, efficiency scan, measure the Control Sum and performance stability

Test of the new GEMEX cards and their integration to the HGB4-1 and HGB4-2,
sometime in May'2016

Beam test at GS|1 in several campaigns with Uranium and fragments and lighter primary
ions. The main goals are: Tracking and efficiency scans, position resolution in both
coordinates, control sum and stability test. These program will be between will start in
April until July'’2016

Beam test at SPS (H4/H8) at CERN with mouns and pions, throughout the whole year
2016. The main task are gain scans and stability, tracking and efficiency, cluster
multiplicity for different gases and stability tests.

Preparing the Test Bench for lon back flow measurements in order to find the optimal
operation conditions for the lowest ions back flow to Field cage.

Gas aging studies at GS1 for the materials currently in use in the final prototype.
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F. Garcia, R. Turpeinen, J. Heino, E. Tuominen, R. Lauhakangas
Detector Laboratory - Helsinki Institute of Physics — University of Helsinki - Finland

T. Grahn, S. Rinta-Antilla
Department of Physics - University of Jyvaslkyla - Finalnd
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FMFI1 Bratislava, Comenius University, Bratislava, Slovakia

B. Voss, J. Kunkel, H. Risch, A. Gromliuk, V. Kleipa, A. Prochazka, C. Ceasar %@&

Detector Laboratory - GSI - Darmstadt - Germany

J. Hoffmann, N. Kurz, 1. Rusanov, P. Skott, M. Shizu
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