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A new active target GEM-based TPC:

present and future developments

Outline:
* GEM-TPC in the AMADEUS experiment;
* GEANT results of an active target detector;
* Prototype design & construction;
* GEM: principle of operation;
» Gas Mixtures choice;
* PST beam test setup;
* Performances with Isobotune-based gas mixtures &
pure Helium;
Advances studies in the low-energy

- Conclusions QCD in the strangeness sector and

M. Poli Lener possible implications in astrophysics



,Nf,.? AMADEUS Experiment
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A novel idea of using an
active target GEM-based
TPC as a low mass target
& tracker/PID detector

‘Lo at the same time is
ENG investigated
KLOE -
Drift Chamber
Vacuum
chamber
AMADEUS Ssiiie
inner setup
Cryogenic
target cell

Kaon trigger -
scintillating fibers

TPC-GEM detector ‘é‘oa‘,—ﬁhﬁn_u
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/J Active target GEM-TPC requirements

L Size |

e Diameter: 40 cm

) - eLength: 5
GEM _TPC'In AMADEUS ¢ Solid anyie LSTcrage: Up to |cos 6| =0.98

L Momentum resolution: <1*10-2 / GeV/c

e About 120 measurement point per track
e r¢ point resolution < 200 um

=

L Other performance requirements

e rz point resolution < 500 pm
e dE / dx resolution < 10 %

e

GEANT Simulation L Material budget

0.5 X, in the barrel
¢ 1.5 X, in the endcaps
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GEANT Simulation of a pure H, Active Target

GEM-TPC
«— 0.6 tesla

Hycdrogen
gas:1l atrn

< > 40 cm < >

Berylium beam pipe: 20 mm - 20.5 mm
Plastic Scintillator 40 mm - 40.5 mm

Performed with H. Shi Kapton target wall : 49.95 mm - 50. mm
Copper Cage :49.94 mm - 49.95 mm
Hydrogengas  : 50mm-200 mm

possible implications in astrophysics
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m/:?n ~ Elastic Scattering: K*p > K *p

Kinematics for a 127 MeV/c kaon
elastic scattering
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Both backward &
forward scattering
can be tracked in

the target GEM-TPC
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proton kaon particle ID in TPC by dE/dx
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INFN GEM-TPC R&D design

A prototype of 10x10 cm
active area and 15 cm drift
gap has been realized ina
class 100 clean room.

The detector is encapsulated
inside a gas tight box
(PERMAGLASS material)
which allow to simply change

the geometry and/or replace
with new GEMs.

The water contamination is
below 100 ppmv

GEMs Foil

Tight Gas Box No value for O, contamination

Ll ... .. energy
QCD in the strangeness sector and
M. Poli Lener possible implications in astrophysics



IN;!? GEM-TPC construction: Field Cage

Istituto Nazionale
di Fisica Nucleare

sides of Kap’ron
(strip pitch 2.5-mmm

The Field Cage has
been produced with
the same C-GEM
technique )
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) G. Bencivenni et al., NIM A 572 (2007) 168
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m?—n? GEM-TPC construction: Assembly
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Field Cage support
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INFN GEM-TPC construction: Readout
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INFN GAS ELECTRON MULTIPLIER®) : principle of operation

To achieve a good gas detector response
(time & space) is necessary nho loss of
the first(s) cluster(s) produced in the
lonization gap

Time =6 ns

\4

In a GEM-based TPC this means a
Bivstetusiald  high collection efficiency into the
begiolibeted GEM holes, which depends on:
70 pm o bwtigpisation - drift field;

- field inside the GEM holes;
50 m Q <:> <:> - primary ionization;

- front-end electronics threshold:;

o Ion
e electron

) F.Sauli, NIM A386 531 1997
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Layout of the cell
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z—Axis lem]

Gasi 1CH 107, Ar 907, T=298 K, p=1 atm

uogsien pleeg upm £1,/20,/22 uo g ap

PPL

A

Current [

GARFIELD is a powerfull simulation tool:
primary ionization, diffusion,
attachment, multiplication,

E-/ion drift, induced & direct signal, ecc
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_sLayout of the cell

Gas: iCHw 10%, Ar 907, T=258 K, p=1 atm
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A low drift field (200-400 V/cm) is suitable for a TPC
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A GEM voltage of 300-400 V is suitable
for a stable detector operation
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&r N . Gas Mixture Choice

The tested isobutane-based gas mixtures were chosen for the following
reasons:

* high primary ionization;

* high drift velocity (~ 30 pym/ns);
* high Townsend coefficient;

- a moderate diffusion (~300 pm/Ncm for a drift field of 150 V);
* last but not least a very low attachment coefficient
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INEN Test beam @ PSI: Setup
(L et
The PSTI nM1 beam is a (quasi) continuous high-

intensity secondary beam: Pions/proton arrive in 1
ns-wide bunches every 20 ns.

Characteristics of the piM1 beam line:

Momentum range 100-500 MeV/c
Momentum resolution 1%

Spot size on target (FWHM): 15 mm (H)- 10 mm (V)

—dE/dx (MeV g lem?)

«— Proton momentum

L{\;IJ I LI DU aryclicdd dSTuLLul diidv

M. Poli Lener possible implications in astrophysics

The frigger consisted of the coincidence of three
scintillators placed at the edge of the detector
gas tight box (~ 20 cm) and covering an area of
about 12x20 mm?2.

Another scintillator, 5 m far from the detector,
allowed to perform the measurement of particle
/ momentum by mean Time of Flight.
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Detector Efficiency

&ng:x:::.::ﬁ:::: Beam Test @ PSI:
results

Residual in the drift direction

Enries 32143
o 28007 Mean -0.002039
< 2200 RMS 033
S 000 72 1 nalf 310.4/95
,.E 1800 Costant 1705+ 13.7
@ 1500 G, ~ 240 m Mean 0.001713 + 0.009312
L 1400 E Sigma 0.564 = 0.016
= Costant,,, 1982 + 18.7
1200 Sigma_ 0.2053 + 0.0022
1000 —
800 —
600 —
00—
200
u:"""' o
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Field Cage Edge effect
Advances studies.in the low-energy [
QCD in the strangeness sector and
M. Poli Lener possible implications in astrophysics
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) Detector efficiency with

(s Isobutane-based gas mixtures

Efficiency vs drift field

=
=]
(=]

(-]
o

Efficiency (%)

[=2]
(=)

B
o

o Ar1S$0=80/20 THR=5fC

Arl1SO=90/10 THR =5fC

20

0 AMSO=90/10 THR=3.51C

NP P M I

160 180 200 220
Drift Field (V/cm)

140

% 100 120

o

Higher ionizing particle

Low FEE threshold

Advances studies i
QCD in the strang

............ . — |

Low FEE threshold

ficiency (%)

High primary ionization

—

o
o

=]
o

x\
[=1]
o
||||||||||||||||||||

.
o

)
o

Efficiency vs Gain

ArISO=90M0 THR =5fC 170 MeVic Pion

O Arl1S0=90/10 THR = 3.5 1C

[ | ArISO=00/10 THR =51C 440 MeVic Proton | 7711

O ArIS0=00/10 THR = 3.5 fC

pododaial | i HE I
10° 10* 10°

M. Poli Lener possible implications in astrophysics 18



/ Nm Spatial resolution with

(s Isobutane-based gas mixtures

Spatial Resolution vs drift field
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Time Over Threshold measurement
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g C Entries 14044
o 1400 Mean 59.07
- C RMS 29.36
0 r ¥2 I ndf 1171/ 51
b= 1200 Constant 7871
o C MPV 39.63
|_|>J 1000— Sigma 6.837
800
600—
400
200—
0 - J PR TN T R N T PO NS S ST N S T N NATER )
0 50 100 150 200 250 300 350 400

Time Over Threshold (ns)

Accepting the 40% lowest values, the

most probable value of the track chargeﬂ

is correctly reproduce

—>for higher values of the accepted
fraction, the reselution gets worse due
to inclusion of hits from the Landau ftail
- for smaller values, the effect is
related to the loss in statistics.

M. Poli Lener

Advances studie¢
QCD in the stra

The measurement of signal pulsewidth
above a discriminator threshold may be
used as a determination of the charge

- Landau distribution as expected

dE/dx resolution = 15%

c E_ Entries 5632
~ s00f- ﬂ e 5
[ ¥* ! mdf 10314113
— Constant 8691
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|.u 500 ;_ Sigma 2539
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400
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OD 10 20 30 40 50 60 70 80 90 100

Truncated Mean (ns)
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) PID & dE/dx measurements

INFN
(L et
~1200 — T By simultaneously measuring the
< oo \\ o PionBeam |l momentum of proton & pion (by means
c: N . ProonBeam || the time of flight) and the deposited
S \ energy (by means the mean value of the
e \ truncated distribution), an estimation of
Ny the prototype to identify the particle
20f e crossing the detector has been
of performed

10? 10° M
Momentum (M e‘}Pc]

S \ w2Tndf 1507 /3
The dE/dx resolution is usually S Hof Costant 36.01 |
. D) e 2K a 0.4001
parametrized 1) as: e | .
Ode/dx & Nea *xb % "o
N=# of samples'and x their length (3 mm). 4 of e N
E a(N) = Cost * N° -
Assuming an average track length of 100 sf -
hits in AMADEUS, with 100 MeV/c pion and

40% of accepted fraction, we expect to
measure a dE/dx resolution of 9%.

Advances studies in the low-energy
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Number of retained samples

M. Poli Lener (*) W. Allison, J.H. Cobb., Ann. Rev. Nucl. Part. Sci 30 (1980) 253.
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) PID & dE/dx estimation
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) Field Cage Effects ¥
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Low and/or not full detection efficiency

has been measured on the edge of each 100

pad rows. o
50

. £ 92

- the first and the last pad of each rows  “

collect about 2/3 of the charge with respect s
to the other pads of the row;

Layout of the cell

Gas. iCH,, 10%, Ar 90%, T=298 K, p=1 aim
T T T T T T

- the primary electrons produced in the s s e i i ol
drift gas and drifting foward the first 3
GEM can be collected by the internal =%
strips of the field-cage.
All these effects are fully reduced
drifting away from the field-cage by 5 mm oal

. T J
o o o ™ s
~ o @ -

x—Axis [em]
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Pure Helium GEM-based TPC performances
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[um/ns]
Ar/lso = | (25.2%0.2)x10-3 29+2 217%16 274+12 45.2+2.1 96.6+3.5 | 40.0+2.0
80/20
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90/10
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100
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70/30 2
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INFN Conclusions
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The GEM-TPC prototype is successfully tested
at the M1 test beam facility of PST with
isobutane-based gas mixtures and with pure
Helium :

»Efficiency > 99% and Spatial Resolution along drift direction # 250 ym with
isobutane gas mixtures have been measured:;

»With pure Helium gas a detector stability up to 3*10* has been determinated
- efficiency ~95% & spatial resolution ~ 350 um;

»Estimation of Particle Identification capability;
»Measurement.of the dE/dx resolution ~ 15%;

»High separation power in the AMADEUS environment

Advances studies in the low-energy
QCD in the strangeness sector and

M. Poli Lener possible implications in astrophysics 25
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440 MeV/c Proton

Number of RMS Number of e-
cluster per cm | cluster per cluster
Hydrogen 19.58 1.4 1.1
Deuterium - - -
Helium-3 9.69 0.88 1.97
Helium-4 9.68 0.86 1.85
Ar/CO, = 67.64 2.59 2.1
70/30

Advances studies in the low-energy
QCD in the strangeness sector and
possible implications in astrophysics
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’N;;? Beam Test @ PSI
(L et
The PSI nM1 beam is a (quasi) continuous
high-intensity secondary beam

Pions/proton arrive in 1 ns-wide bunches
every 20 ns.

Characteristics of the piM1 beam line:

Total path length 2l m
Momentum range 100-500 MeV/c
Solide angle 6 msr
Momentum acceptance (FWHM) 2.9 %
Momentum resolution 0.1 %
Dispersion at focal plane 7 cm/%

Spot size on target (FWHM)
15 mm horizontal
10 mm vertical

Angular Divergence on target(FWHM)
35 mrad horizontal
75 mrad vertical

NO MAGNETIC FIELD

Test area |..

Intermediatefocas 000

______________________________________

Advances studies in the low-energy
QCD in the strangeness sector and

M. Poli Lener possible implications in astrophysics
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The trigger consisted of the coincidence of three
scintillators placed at the edge of the detector
gas tight box (~ 20 cm) and covering an area of
about 12x20 mm?.

Another scintillator, 5 m far from the detector,
allowed to perform the measurement of particle
momentum by mean Time of Flight.

The FFE channel based on CARTIOCA
chip was sent to the multi-hit TDC and
the leading edge (time hit) and the
trailing edge, which allow to measure
w.r.t leading edge the time over
threshold (charge hit), were recorded.

in the | :
geness sed Beam orthogonal to Field-Cage

ions in astrophysics

Gas tight box




INFN Gas Mixture characterization
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Primary ionization on the Collection Efficiency

(Gas 170 MeV/ic 440 MeVic MIPs
Mixture Pion Proton
5.242 5 )
Ar/CyHig clu/cm 452421 06.613.° 40.012.0
80/20 o
e /clu 2.13+0.12 2124011 2114011
9 )
Ar/CsHyg clu/cm 37.2+19 796128 328+18
90/10
e /clu 2144012 2124011 2124010
3 9
Ar/CO5 clu/cm 322+18 68 8+26 284416
70/30
e /clu 2.19+0.13 2.20+0.13 2211+0.14

A high primary ionization reduces possible loss of the
first cluster generated closer to the first GEM
(but not too high for space charge effect)

M. Poli Lener
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INFN Future developments
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100 pm
Signal strips
250 pm
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