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TpebosaHua k [letexktopy

- Xopolee NpocTpaHcTBeHHoe paspelueHue (~ 100 p);
- Xopolwee yrnoesoe nokpeitue (> 96% 4m);

- Paborta c Bbrcoko 3arpyskoit (1.6 mnH. Tpekos/cek)

- M3smepeHue npoaonbHOUM KOOpAUHATBL;

~ Xopollee ABYXTpeKoBoe paspelleHue;

- Bo3moxHocTb usmepeHus de/dX;

- PaauaumoHHaa cToukocTb;

- Manaa TonwmHa (~1% X,);

- Pabota B HenpepbIBHOM pexume.
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Time Projection Chamber

OAHUM U3 BO3SMOXHbBIX KAHAUAATOB HA
POJSIb BEPLMHHOU KaMepsbl 9BNgeTcs
Bpema-TTpoekumoHHasa Kamepa (TPC).

B HacTosdlee Bpema B mupe
pa3pabarbIBAETCa HECKOSIbKO MPOEKTOB
TPC c HenpepbIBHLIM CUUTLIBAHUEM,
nucnonb3yrowmx TexHonorum MPGD
(Micro-Pattern Gas Detector).
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Time Projection Chamber

- PANDA TPC _ panda
- ARG

- CB-ELSA TPC;

_ Linear Collider TPC. 1617
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PANDA Detector

Micro Vertex Detector GEM Detectors

Shashlyk Calorimeter

Central Tracker Mini Drift Chambers

Muon Range System

\ Targetsystem

Solenoid

Barrel TOF

A

TOF Wall

\ A

Muon Detection

EM Calorimeter

Barrel DIRC
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PANDA Central Tracker Requirements &
Layout

*D.R. Nygren et al., Phys. Today 31, 46 (1978)
Secondary vertex resolution o,,~750um, o,~1mm

Momentum resolution op/p~(2)% —t_t_'fw

Minimal material budget XX o5 (28 ™ erember?

Full solid angle coverage

Particle Identification OE/E~(7)%

beam pi

Operation in 2T magnetic field

Time Projection Chamber (TPC*)
MPGD: high granularity, fast signal,
good multi-track resolution

GEM readout plane

ot A e rate™ 2 half cylinders L=150cm R=15/42cm

(space charge, event mixing) = Drift field 400 V/cm
_.with GEM amp”fication = N@/COZ (90/1 0), max. drift time 55|JS
reduced ExB effect, = Multi-GEM stack

suppressed ion feedback _
= Pad Size ~2x2mm?, 100.000 ch
GEM-Projects@GSlI 3rd Meeting@HIP  July 15th 2010 7



ALICE electronics (128 chan.):
@ Inverter card

e PASA (preamplifier):
12 mV/fC, 190 ns

e ALTRO (ADC, zero-suppr.):

10 MHz, 6 ADC cts. /fC

@ Noise: 1.88 ADC cts.
“comm. mode" corr. (5%)

Gas: Ar/CO, (70/30)

Triple-GEM configuration
=- amplification: ~ 5000

Drift field: 250 V/cm

10 x 10 cm? active area,
~ 8 cm drift length

Pad size: 1.0 x 6.2 mm?

Coincidence-trigger for muons

TPC Test Chamber

Q. Weitzel (TUM E18)

PANDA Meeting, GSI Dec 07 4 /17
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Detector Assembly lar'ge TPC Pr'o1'o1'ype
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Ready by the 7,,hundred
pleces

In preparation

Electronic
Flange
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5/50 pm Cu on Kapton
105/ 300 mm ‘active’ diameters
8 sectors iris like pattern

70 /140 pm double conical CERN
‘standard’ arrangement

18 Mio holes in total

Inner & outer GFK support rings
leakage current < 10 nA/sector@650V
Hole geometry checked at 5 points
Optical transmission (36 £ 3)%

2x3mm check once per secton
GEM-Projects@GS| 3rd @ Meeting@HIP P =




GEM assembly '..stacked on the flange'

Central GEM-HV supply

HV-
protection

cover
GEM-Projects@GSlI 3rd Meeting@HIP  July 15th 2010 12



Requirements for a TPC at a Linear Collider

@ ILD concept defines stringent requirements to all subdetectors

Requirements for TPC (ILD)

@ o™ < 100 um

@ material budget
— 1% Xo inner wall
— 49% Xq to outer wall
— 15 % Xo endcap

@ 7(1/p.)~9-107°GeV~!

(total: 2-107° GeV~1)

electron drift

segmented anode

beam axis

micro pattern
gas detectors
- #

@ point resolution closely related to momentum resolution
— requirements driven by physics (Higgs recoil analysis)

= performance about ten times better compared to previous TPCs

17t
~_

Peter Schade, Large TPC Prototype

12th VCI, Vienna, 16-02-2010 6/ 22



Technology for a TPC at a Linear Collider

@ performance goals require substantial improvements of

traditional readout techniques
— LCTPC studies TPC readout with micro pattern gas

detectors (MPGD)

‘- B B &
& & = &
- & & &

amplification

www.mpgd.web.cern.ch

Goal: Optimal Readout Technology for a LC TPC

@ fulfill performance goals in resolution
@ lightweight electronics — end plate with small material budget

@ reliable operation in a LC detector

18 oxm@ﬁ roga AHpgpen Cokoros 14
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Large TPC Prototype - Anode End Plate ﬁ

Modular End Plate TPC @ Linear Collider Detector

@ first end plate for the LP
made from Al

@ 7 module windows
— size 22 x 17 cm?

— D. Peterson, U. Cornell

Prototype module

ke

Detector side

Conur e masse Mrgms I

micromegas
R blind module

e

\._./ Peter Schade, Large TPC Prototype 12th VCI, Vienna, 16-02-2010 13/ 22



Test Beam with Micromegas Module

~ 120 , Charge spread over pads
E [ % 548116 | i
e  |Ng 318%1 T E T
zZ [ - g & Pad pitch 3
2 80 - i //4/ N o8 !
L A P \\‘\‘,\. J K
2 \‘) 06
¥ 0.47
0
= 0.2_
20;‘ : . it 0 . S T B
B Xoad = Xtrack (mm)

ST [irst Results (Micromegas)
Event D iS]'Jli.ly Drift Distance (cm)
@ setup: 5GeVe™ - B=1T

@ res. parametrized as

I

o = \/08 + D?/Ng - z

— 0g = 54.8 = 1.6 um

— Nesr = 31.8 £ 1.4 per pad
height (4.5mm™1)

NGt/ Peter Schade, Large TPC Prototype 12th VCI, Vienna, 16-02-2010 15/ 22



Test Beam with GEM Modules

0.3

g,= 31.9% 1.6 [um]

E'IM.'\".II 18,6 £ 0.23 [pmAem] |
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First Results (GEM Modules)

@ setup: bGeVe™ - B=17T

@ resolution parametrized as 0| = \/05 + D*/Nyg - z
— 09 =519+ 1.6 um
— Negr = 21 + 2 per pad height (4.1 mm™!)

-

> . = GEM and Micromegas module show similar performance

~_ Peter Schade, Large TPC Prototype 12th VCI, Vienna, 16-02-2010 18/ 22



GEM Structure & Timepix

4 cm drift 10 cm drift 40 c¢m drift
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2.8 cm
@ integrated electronics — low Xg end plate
@ finest granularity for a TPC readout
— allows for highest resolution

— clear identification of clusters & o0-e~ possible

] e
I
! . X

— analysis of test beam data ongoing
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InGrid Technology

1)Pre-process chip 2)Spin SU-8

aaaal

3)UV exposure 4)Deposit metal

5)Pattern metal 8)Develop resist

@ fabrication in a waver post processing technology
— silicon pixel chip : 1 m thick AL grid on 50 pm pillars

@ one hole per pixel and very flat surface

IaOIPe — J. Timmermans, NIKHEF
NGt/ Peter Schade, Large TPC Prototype 12th VCI, Vienna, 16-02-2010 21/ 22



Tpekep Ha ocHose
umnuHapudeckux GEMos

Ewe oaHuM KaHAMAaTom Ha posib
BepLWUHHOrO AeTekTopa Ang c-T
pabpuku aBnNg9eTCa Tpekep Ha OCHoBe
umnuHapudeckux GEMos. B HacTosuee
BpeMs TaKOW AeTeKTOop CO3AAaeTcs
konnabopaumen KLOE-2.

18 okTs6ps 2010 roga AHgpen Cokornos 20



KLOE-2 Inrnar Trackar

Detector Requirements:
o, X0,~ 200x500um single layer spatial resolution for fine vertex reconstruction
of K, and n rare decays and interferometry measurements
5 tracking layers with low material budget (< 1.5% X,): each is a triple-GEM detector
R > 201, to preserve K, K, interference
Rate capability 30 + 40 hits/plane/ps (< 50 kHz/cm?)

!
e e —— %ﬁ“

60 cm



Cylindrical GEM for KLOE-2 Inner Tracker

THE IDEA:

O We propose a low-mass, fully cylindrical and dead-zone-free GEM detector
as Inner Tracker for the

O The IT is composed by of cylindrical triple-GEM detectors
(C-GEM).

0 Each C-GEM is realized inserting one into the other the required five cylindrical
structures made of very thin polyimide foils: the cathode, the three GEMs and
the readout anode.

O Very light detector: only 0.3% of X, per layer inside the active area.




Preliminary tests of large folils extraction

r“. . i ‘.." § 1 /

200 mm diameter C-GEM Successfully tested at 500 V



Counts

40

30

20

10

SPATIAL RESOLUTION

GEM-TS, KEDR
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CpasHeHue ABYX NOAXOAOB

GEMs

TTpocToTa usrotosneHus v X
N3mepeHue dE/dX v X
BercTpoaevicTeue v v
Yucno kaHanos anekTpoHuku > 50 000 ~ 8000
BpemeHHoe pa3pelueHue ~ 20 Hc ~ 2 HC
PancToukocTb v v
HocTynHoCTb TexHonoruum 2010 2011

?
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3aknroueHue

. TexHonoruu MPGD-TPC u umnuHapudeckux GEMos
NOAXOAAT AN CO3AAHUS BepLMHHOTO AeTeKTopa Ang c-T
pabpuku

. Obe TexHONOrMU aKTUBHO paseuearoTcs U K koHuy 2011 roaa
crneayet OXuAaThb 3anyCcKa AeTeKTOpOB CO3AAHHLIX Ha UX
OcHoBe;

.  OKOHuYaTenbHbIV BLI6OP AOMXKeH 6bITb CAesaH Ha OCHOoBe
MOJesnIMpOoBaHUS AeTeKTopa.

18 okTs6ps 2010 roga AHgpen Cokornos 26



The Future: PANDA at FAIR

Facility for Antiproton and lon Research, Darmstadt, Germany

% '.f :
M-Projects@
Meeting@HIP




High Energy Storage Ring (HESR)

Acceleration

0 50m

Antiproton storage ring
§ Dipole magnet * p injection at 3.7 GeV/c
1 Quadrupole magnet

' Sextupole magnet | « Synchrotron: 1.5 — 15 GeV/c
* Internal targets: H, nuclei

from CR from SIS18
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ELectron Stretcher Accelerator (ELSA)
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