TPC R4D towards the Design
of thz ILC TPC

| L& TPC R&D [Groups] | | /




TPC FQF Gr’oups’

SHIPE Arzricad an LLC gaszots- Oinze USA
RYWTH Aachzn Carlzton U 'rr’a,mrg grovos MIT (LCRD)
DESY Cornell/Purdiz Chiba U Tzimplz/ Wayrnz
U Hamour 0/ LENL Hiroshima U Starz (UCLC)
U Freibury MIT Minadamo SU-TTT Valz
U Karlsrunz U Monirzal “inki U
UMM Krakow U Vietorsa U Osaka
Luncl/Srockholy Setga U
MPT-Munics Tokyo UAT
INTHHEF U Tolyo
HIINP Noyosiofrs/s INETER Tolve

i LalOrsgy  mgmwinUTohp

< TS
v RXsfoc Tsu. uba
CIEA kac/a

o \5fp}z\fersggea§ le Jkno if II fo rgot sow/eong/ /

\

13/07/2005 Latest Resultsf Summer 2005



HISTORY

1992: First discussions on detectors in Garmisch-
Partenkirschen (LC92). Silicon? Gas?
1996-1997: TESLA Conceptual Design Report. Large
wire TPC, O.7Mchan.
1/2001: TESLA Technical Design Report.
Micropattern (GEM, Micromegas) as a baseline,
1.5Mchan.
5/2001: Kick-off of Detector R&D
11/2001: DESY PRC proposal. for TPC R&D
(European & North American teams)
2002: UCLC/LCRD proposals
2004: After ITRP,
WWS R&D panel
Europe
Chris Damerell (Rutherford Lab. UK)
Jean-Claude Brient (Ecole Polytechnigue, France)
Wolfgang Lohmann (DESY-Zeuthen, Germany)

Asia

HongJoo Kim (Korean National U.)
Tohru Takeshita (Shinsu U., Japan)
Yasuhiro Sugimoto (KEK, Japan)

North America

Dan Peterson (Cornell U., USA)
Ray Frey (U. of Oregon, USA)
Harry Weerts (Fermilab, USA)
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e Flavor tag S(IP) ~ 5um @ 28 0 [c

psinafglﬁ'
e Track momentum  &§(1/p;) ~ 6x105 GeV/c™?
e Particle Flow SE/E ~ .30 /VE
Energy flow
— granularity
— hermeticity

— min. material inside calos
— calos inside 4 T coil
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Physics determines
detector design
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Motivation/Goals

» Full precision/efficiency at 30 x estimated backgrounds
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R&D program

ot

study design Thin endplatei mechanics, electronics, cooling

* devise methods for robust/performance in high backgrounds

* pursue software and simulation developments
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OUTLINE

1 Gas-amplificarion sysrzims
1 Proforyozs
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Gas-Amplification Systems: wires & WPebs—
GEM Micromegas
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Optional Targed
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ctr, fime-stamp logic / pixel
l ~|huge J;r'anulllr'i’ry(cjigi‘ral TPC),

i fusTonimited: i

indiv, clusters for right/qgas

~ 15t tests with Micromegas
+ MediPix2 chip

> more later...
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Comparison between

(.
KEK/MPI beam‘Tl'JeEM & MWPC

[ Fitted X Resolution iz = 0, Row 6} |
j ._uEm_anJ:Um&:lmuas
o = = .
.,E s I s g L
o I.- e :E-. J‘lg E
L ] ] f I Dori d b oo [om | é
S
b wne i 2
4 5= E
i 3 3 r ;
li -HT'qI i; Ilﬁlhllhllﬁlidlllli]|“|.|I|ﬂn||j|“;'||
4 gl Charge of hit point [ADC counts]
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of pulse hight
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X Resolution of
Micromegas@KEK

beam test
> 8Rows

Cd = Cd(PRF)
C,(Mag) = 469m/+/cm

X Resolution vs Drift Distance, B = 0T, Arflsobutane If 10.57F F 10
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Prototype Results
dE/dx, wires, KEK beam test

dE/dx in TDR gas

7 pad-raw /event x 30 events -> 210 sampling

..

13/07/2005

Ode/dx ~34% (- 7.9%w/ 40 samples)

not a correct truncated mean.

good w/o calib., any corrections

Latest Resultst Summer 2005
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300.7
8.919

proton @16eV/c
«dE/dx> 300.6
sigma  10.3

pi @16eV/c

«dE/dx> 236.4
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Prototype Results

Polrnt rzsolturion,

Summer 2005

Mleromzgas
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--Analysis continuing...



Prototype Results
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single paint resolution [mm]

Prototype Results
Point resolution,
215}
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Prototype Results
TWo=rdaas gz3oltilan srjel]2s

Laser optics

Two tack mechithn at4T
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o_paint for cosmics + laser ~ 80um
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how the resolution onlone tracklis
affected by, presence of a hearby :

o 1 2 E]

paralleltrack at same drift\dist!
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Prototype Results
Caplzrons linogovine oolr gzsoltrlion Wit f2sisrive foll

The Concept of Charge Dispersion

= Modified GEM anode with o
a high resistivity film
bonded to a readout plane
with an insulating spacer

= 2-dim continuous RC network
-~ (defined by material properties
and geometry

o Point Charge at r=0 & t=0 p(r)w _padI pad2 pad3 | QO I = ﬁ""““‘-—-—-—u'—.__.
disperses with time "

* Time dependent anode charge | o P (Y - hirdped
density sampled by readout . t=100ms | | second pad -
pads: . ' t=250ns | B central pad

I t=1000mns | |
op 1 (azp+ 1 ap} ‘. |
ey 2 - I 1 B
at RC'_af" s af" R - dr,v integra]
5 14 ||| over pads
—r“RC

16 |-

= prt)=—e 4t
p(r,t) 5y €

mm r/ mm ns
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Caplzrons pz2sisrive foll gzsulrs

TPC transverse resolution for Ar:CO, (90:10)
I

GEM with direct GEM with charge Micromegas with charge
charge readout dtsperswn readout dispersion readout
oz L R-K.Carnegie et.al., ) 3 -RKCarneg:e etal. _

| NIM A538 (2005) 372

£
'E L to be published
: |

resolution / mm

resolution / mm
=)
]
i T
1

p=75Hm ,Cp=0.220

- Cp=0222
Magboltz pred.

-------------------- D_ 7 (Diffusion limit of resolution)

e
Compared to direct charge readout, charge dispersion gives better resolution for
GEM with Z dependence close to the diffusion limit. For Micromegas, the
resolution is also better than for direct charge GEM readout.
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Medipix2+Micromegas: resulis@Nikhef
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B Nukhef/Saclay/e’r al. for TPC application: see
preal number x HZXT Sllde
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Medipix2+GEMS: results@Frziburg

25.04.05_12'51'18
diff(2)=0.272 diff(3)=1.051
diff(2)=29.9 pm diff(3)=115.6 pm
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Plans
“ ) A ST rnat 1 Y = -
o 1) Dzimongrtrarion onasz
+ Continuz work for ~1 year witn small prototynes on maoping out
parameter soacz, understanding resolution, 2tc, To prove
feasivility of an MPED TPC. For Si-paszd idzas tnis will include
a basic oroof-of-princiolz,
~ ) -~ ? A , g | -
4 2Z) Condolicarion onasz
- Build and gozraiz “large” orototyoz (2 2 70cm, deift 2 20cm)
wnicn allows any MPED tzcnnology, To T237 manufactueing

Tzcnniquzs for MPEOD zndolares, fizldeagz and zlzcironics,
I Y
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