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~ GEM introduction
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Wires: wide inductive signal

GEM: narrow transfer signal

Signal size
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A. Vogel, Aachen, Durham 2004
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Signal size, and other requirements for a TPC

Signal is very narrow

results in deteriorated resolution
at small drift

due to insufficient charge sharing
(hodoscope effect)

hodoscope effect decays faster
with increased diffusion.

O

-
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, 4 X Kobayashi, KEK, Bangalore 2006

(when f= &-function) g
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Improved resolution at all drift requires

- narrow pads, or

- diffusion within the gas amplification .

( creative pad shapes

do not improve resolution )|

158

119
Resolution (mm)

130

Particular case:

Pad width = 2.3mm
Pad Distribution Function=0

D=469, 285, 193 um/(cm)/2

B. Ledermann, Karlsruhe, Vienna 2005
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Use of diffusion in the transfer field

Dnft Transfer Induction
| | |
Diffusion properties of E Lol o
the gas can be used to T oses Gas: PS5 | l
defocus the GEM signal. S, Porsl : :
i o7 —
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s S v
o w =
D 0O =

Drift volume Elle
(Low transverse diffusion)

- L - L

2500 mm 5 mm
2 mm

High
trans.
diff.

CORNELL Pl

UNIVERSTY 4P LE F F D. Peterson, “LCTP: GEM Readout Results and TPC Software”, WWS R& D Panel Review, Beijing, 2007 02 05

LABORATORY FOR ELEMENTARY-PARTICLE PHYSICS



The small prototypes

Chambers used to study GEMs
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gas characteristics
extracted from fit variance

on event-by-event basis 1.8
1.6
“TDR” Ar:CH,:CO, 93:5:2 230 V/cm 141

“P5” Ar:CH, 95:5 90-160 V/cm
pad width: 2.0 mm , 1.2 mm

variance (mm?2)

intercept — defocusing term
Slope — diffusion constant

S 0o o O 0 2 =
O N & 0O W O M
1 1 1 1 1

signhal size, diffusion

TDR gas, signal width at zero drift - - - -
0 10 15 20 25 30
Go=-92 mm (OT) drift distance (cm)
51 mm (17T)
. 32 mm (4T) Data Vg vy Sim D D sim ag g sim
] ] [em/ps] | [em/ps] | [pm/\/em] | [pm/y/em] | [pm] [prn]

diffusion constant p5Bdw | 3.84+0.08 | 3.64 764 5 6741 | 42942 | 35042
D=348 um/cm1/2 (OT) p5B4n | 3.85+£0.04 | 4.14 \ 3445 4341 38241 | 36041
205 um/cm1/2 (1T) tdrBdw | 4.51+£0.05 | 452 | 71£10 69+1 | 367+4 |262+1
70 um/cm 1/2 (4T) tdrBdn | 4.54 +0.06 | 4.52 7045 69+1 | 31943 |255+1
tdrBln | 466 +0.06 | 452 | 205+10 || 206+2 | 5004+2 | 28942
tdrBOn | 4.68 £0.06 | 4.52 | 348+£20 || 468410 |918+15 | 580+ 1

P5, 6, = .38 mm(4T)
D= 34 um/cm1/2 (47) ref slide 5

D. Karlen, Victoria, Snhowmass 2005
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DESY measurements

3-GEM, each 325V

Transfer gaps: 2mm, 2mm, 3mm
Ar:CH,:CO, 93:5:2

pad width: 2.2 mm

B=1, 2, 4 Tesla

cosmics

width derived from
fraction of 1-pad hits

signal widtho =  0.15x pad width
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true position / pad width

o= 0.15 x 2.2mm
= 0.33mm (2 Tesla)

resolution [mm]

Transverse resolution,
sighal size

[l |non-
staggered | |1 staggered
0.5 gas: Ar-CH,-CO, : 93-5-2, pads: 2.2 x 6.2 mm?
[ staggered non staggered
r 1T —=— 1T
04- =-2T = 2T
- 4T 4T
0.3[
0.2 ; W‘M
0.1_—
)| I NP B S S R
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drift length [mm)]

Rise indicates pad size is
too large for signal width at 4 Tesla

K. Ikematsu, DESY, Bangalore 2006
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MPTPC (build at MPI) measurements Transverse resolution,
signal size

3-GEM, each 330V

Transfer gaps: 1.5, 1.5, 1.0 mm
Ar:CH,:CO, 93:5:2 220V/cm
Ar:CH4 95:5 100V/cm

- 9] - LIan 1 T T T LI J
pad width: 1.27 mm staggered X @ TR rowb |
B =1 Tesla 0.25 :_'. -P5 S I GEM B=1T _:
4 GeV/c pion beam m | .

0. 2F ! L

0 b2 [m] - | i ........ ! ''''' ._-
‘= .ng ' | - 0. 16 - e - R s s
el - LT e ]

. ; l - | _ . . [ * rrrrr - . i .

AP S S g P 0. 1 %—"]'ﬂ ¥ .
S e E 0. 05— L + i

[cm]

Drift distance (z)

with 6,2 = 0.2mm?2, 6,= 0.45mm
40, (90% containment) = 1.8mm

TDR gas, 1T, D=207 um/cm?/2
(ref 205 from Victoria measurement )

Drift distance (z)

cm

M. Kobayashi, KEK, Bangalore 2006
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Victoria measurements
2-GEM, 372V, 380V

Transfer gaps: 2mm, 5mm

Transverse resolution,
sighal size

Ar:CH4:C0O2 93:5:2 230 V/cmo.: > PSwide PS5, 4 Tesla 4, 1 TDR, 4 Tesl?—
Ar:CH4 95:5 90-160 V/cmz ||: 20| , & & 2|z g ot
£ 0.0 | . E 0.10 4 i 8 _
o . s i * % = k3
pad width: 2.0 mm , 1.2 mm 35 __| ; o s T i % s
_ § | 2 = f ¢ § . % % ; * ¢ TDRwide
B = O, 1, 4 TeSIa g ¥ ¥ ¥ 7 g o TOR wide MC
. 0.06 0.06 v TDR narrow
cosmics : . . : ‘ S v Rreme®
0 5 10 15 20 25 30 0 5 10 15 20 25 30
drit distance (cm) drift distance (cm)
05 - R T q ' ' "
& 4T datn VlagOUS B’ TDR% * dataset | Resolution | Resolution
i O 4T MG 2mm S _
nad | T T pa¥j o 7] [pm] (data) | [pm] (sim.)
W OT data "
: B LS il = p5B4w 108+ 1 92 +1
- E 03
| 5 % g p5B4n 68 +1 68 + 1
: 2 Uz . O ¥ 2 ] tdrB4w 117 + 2 100 +£1
. = ¥
00— SORCEE tdrBdn | 83+1 87+1
artaistance (e N 0 g 5 o o ¢ s :
Width measurements a0 s
TDR gas, 6,=-92 mm (OT) 0 s 1o 18 a0 2 0
.51 mm (1T) drift distance (cm)
.32 mm (47)

D. Karlen, Victoria, Showmass 2005
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Track angle effects

— 500
= asof- T .
= = + B. Ledermann, Karlsruhe, Vienna 2005
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D. Karlen, Victoria, Showmass 2005
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Longitudinal 1.6 mm
resolution
B field as shown
(Not a property
of the GEM) 0.8 mm
1.6 mm
0.8 mm

G. Rosenbaum, Victoria, Victoria 2004

drift time resolution (50 ns time bins)

drift time resolution (50 ns time bins)

Longituc

Inal resolution
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2-track resolution

. o
Bereich 0 4 Chamber window e
beami \"beam? : ® - 3 .,
Z separation: | — " - g |
10 mm / f \ pereen o 5t
Q o
300(- Q o
- s m
" Bereich 2 e :12_5—
%t |s=115mm | @ [/ ideal linear
o l'l 5 1 |I5 ; 2'5 33 5 4 § |Il'l !I'l ;‘l lll'l '-:il'“méi[n"]
Z direction =y position{mm)

P. Wienemann, DESY, Stanford 2005

20 T
_5 B wde, Z="4Umm
3 W narow, =354 mm
S 1 A narrow, T = 253mm
= O laser simulation
5 o W laser smulation
E 18 § & laser dmulation
w
= o
% 14 - E
Transverse E
. T 1z i
separation: & LI
7 —— R S
o
£
08 T
9 2 3 3

1.5 pad width
.32 mm (4T) AXx=3.8 cm, Az=0

track separation {mm’

D. Karlen, Victoria, Showmass 2005
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Drift Cathode

Readout

720 mm

DESY
3-GEM
Novorod GEM
TDR Gas

Beam

Aachen
3-GEM

B=4 Tesla

for G_,=1000,

QIBNZ'5 Qprimary

Cathode

GEM 1

GEM 2

GEM 3

Anode/

NAAARAAREY AAARAANAY ARUAANAAN ANNANNARAARARRARRNE A

Pickup |

lon feedback (back drift)

ak s O

o bt

1 1 I 1 L L
250 260 270 280 290 3@ 30 320

1
EEL]

Algem, V

P. Weinemann, DESY, Berkeley 2003

Optimization

Earift 240V

Ugem: small influence
E MAXIMUM
Ugemo  small influence
ES minimum
Ugens MAXIMUM
Eind MAXIMUM

Relative ion backdrift [%e]

4 HA T ] T % T
B : '. 5.8 33 i — o
o = 3
2r i:
Qg= 10 Qpnmary
1+ }
R Qg = 5.0 Qprimary
o T QIBiZ-5 Qpnmary
0 i i M QIB =1.0 Qpnmary
0 2000 4000 6000 8000 10000 12000
Effective gain
A. Vogel, Aachen, Durham 2004
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=BTV —lle— (-871V + VgEM )

2.67mm

B0V
-‘“\\“ 6.27mm Smm
80% Transmission +2075V, -1893V,
Field cage Termination bt | B ]
Drift side: 951V ey el
Gas-amplification side: <951V 3309Viem  3T86Viem
. \
92V,

suppressed ion feedback in GEMs . —

may not be as low as 1/gain (OO R T SN -~ 7 sl

must consider implementing a gate T -
wire gates are complex 74 S
investigate use of a GEM gate

position difference
| VGEM =51V

Measure GEM transparency e- and +ions —

GEM mounted on MWPC "
MWPC: electron measurement, ion source e — —_— ]
field gage termination, ion measurement | |, ... OO
anode traces 82 us full scale, ion 656 us

D. Peterson, Cornell, Valencia 2006
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(i T iy o7cimter e GEM transmission
) :: Transmission of a standard GEM 50-70/140
104 placed in front of a MWPC gas-amplification 15 - herwvmwmew "
. E drift=300V/cm c Standard GEM
T E extraction=2345V/cm % | arco so0 A
094 B0 £ : Y/
. . ] E =2.5 kVicm A /p
1+ ArCO,90:10 - : S
084 s 'l ry
c T -I- €~ , (error is due to normalization) £ " +,’{
'S 0.7 4+ £, = 75 Vicm -"'__/x /
U] T = +j - 05 T
1oNns / k .-/
0.6 4+ — .
> 1 ;,_/- ) S .x‘_,_-(" 0
g 0.5+ ¢ S
‘n T 0 fﬂﬂ - 50 100 150 200
K2 04+ av_ v
(% T T ontesdhack gues
c e :: - '} i | E =150 Viem
Ig O 2 1 * EO.DS _ E'=2.5 kviem
T - _0.05
011 4t it .
4 = t - - m -< = p - — } o
0 £ 1 | 1 1 1 | A
1 1 1 1 1
0 50 100 150 200 250 300

GEM voltage difference

D. Peterson, Cornell, Valencia 2006

should be careful designing a gate

Measurements will be repeated
iIn a magnetic field.

Expand to measure ion feedback
from various gas amplification.

100 150 200 250
"Vu_u w)

F. Sauli et al, IEEE Nucl. Sci Symp NS-50 2003 803

Electron measurement does not agree
with source/current measurements.

lon measurement does agree,
not sensitive to mixture.
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Summary

“TDR Gas” Ar:CH4:C0O2 93:5:2 B=1 Tesla B=4 tesla

transfer pad signal diffusion transverse |signal diffusion transverse

GEMs gap width S constant resolution S constant resolution
total drift=0 (10cm drift) | drift=0 (10cm drift)

Data set (mm) (mm) (mm) pm/cm?®2  (um) (mm) um/cm?2  (um)
DESY 3 7 2.2 160 0.33 (27) 165
Victoria 2 7 2.0 0.51 0.32 70 105
MPI/CDC | 3 4 1.27 | 0.45 207 140
Victoria 2 7 1.2 0.51 205 120 .032 70 75

with drift distance: 250 cm
and diffusion constant 70 um/cm?/2 (TDR gas),
and 27 primary ions
contribution to resolution, from diffusion...

213 um, will be dominant contribution

with P5, improved transverse resolution
degraded longitudinal resolution

M. Kobayashi, KEK, Bangalore 2006
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ECAL

TPC support arm

- . GEM end cap tracker
ECAL
200 L ¥
N
|\t An end cap tracker is an
central membrane endplate i i i
wl N iIntegral part of the TPC implementation
so | inmner field cage matChing pOint at entry tO Ecal
electronics 0O -
o b T pattern recognition in TPC
d{1iP) vs theta

e e improved d(1/p) for ~7° < 6 < ~16°
oo} it s - -
{ ==t Silicon detectors is one option.
| "
.| % Louisiana Tech is investigating a
| i GEM device.
0.00024 Eziil
EEEE;U + - ﬁwﬁmﬂasw + + + ) L. Sawyer, Louisiana Tech, 2007
S22 | E PP
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GEM end cap tracker
10cm x 10cm built and tested
30cm x 30cm built Fall 2006

foils are 3M, in cooperation with
Arlington digital-Hcal

Beam tests at Fermilab in Spring 2007

Developing curved GEM foils
Fe-55_hist for endcap geometry

Entries 283897 2500 Entries 66038

Mean 1052 piadn 4018

RMS  69.89 RMS he

600 800 1000 1200 1400 1600 1800 800 900 1000 1100 1200 1300 1400

Small chamber comparison of
Fe-55 source and pulsed x-ray
gas: Ar:CO, 70:30

L. Sawyer, Louisiana Tech, 2007
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Software in Europe uses a framework as shown.

SOFTWARE

Based on Pythia, Mokka, Marlin, Geant4, LCIO, LCCD
( JSF software in Asia (Jupiter, Uranus) has similar functionality.)

Will walk-through a description of

using European framework :
| LCIO
Will describe AP F o W o
i - b - (N N -
ongoing development of tools: . ol
specific design questions f L o I 42 B - 9
P gnq r_.f_d_kﬁ_ﬂl}‘."lukk%i Marlin 5 k.
{lava, Ces, AR Java, Ces. Fartram— — | ll..la.va.m -.F-:rlran.ﬁ
effects Of Geantd, Geantd Recon-
Generator : . Analvsis
hit overlap, ~ Simuiation Wt struction | { T
noise simulation L A B If'-:__ )
magnetic field distortions. Il Il | ]
© {GEAR:  (LccD’

Will mention the efforts to organize the
reconstruction for prototypes, especially the large prototype.
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IMPLICIT DOUBLE PRECISION(A-H, 0-Z)
COMMON/PYDATR/MRPY (6) ., RRFY (100)
ECHM=508608

NEW=25

MRPY (1) = 535244

HE (208,
'CKIN(L )=

CoonImit il izen
PYINIT('CMS', 'e-",'e+' ,[ECM)

C...Begin event loop.
IEV=1,NEV
PYEVNT
PYHEPC(1)
PYEDIT(3)

o

call pylist(l)
C call pylist(5)

HEP2G4

Physics event generation: Phythia

run Pythia

input
beam parameters
event type

output
track list

S e (GecEiTE) MR,

P e R P R P P R R P PP P P P T

HEP2G4
£
* Qutput /HEPEVT/ event structure to G4HEPEvtInterface
o
* M.Asai (asai@kekvax.kek.jp) -- 24/09/96
*
*

HEPEVt file

kb kR ok Kk ok Kok Kok ko Kok Rk ko Kk '

10M/HEPEVT /NEVHEP, NHEP, ISTHEP (NMXHEP ) , IDHEP {NMXHEP ) ,

&JMOHEP (2, NMXHEF) , JDAHEP (2, NMXHEP) , PHEP (5, NMXHEF) , VHEF {4, NMXHEF)

DOUELE PRECISION PHEF,VHEP

(3.%) NHEP
IHEP=1, NHEP
(2.18)

> ISTHEP(IHEP),IDHEP (IHEP),JDAHEP(1l,IHEP),JDAHEF (2, IHEP),
= PHEP(1,IHEP).PHEP{2,IHEP),PHEP (3, IHEP), PHEP (5, IHEP)

16 (417, 4(1X,e15.8))

Fl ttbar.fT

lae
182
184

57
186

62
loa

111

lal
183
185

68
188

80
118

112

-8,
-8,
-8,
-0,
-8,
-8,
-8,
-8,
-8,

8. 8.25 3 8.51 -83
o, -8.25 3 8.51 -83
o 8.25 ER]
| B -8.25 3 0.
17829929E-62 ©.16015685E-02 @.12775856E+83 0, GAG0AGOAE+EE
58550442E+00 0.38201003E+08 -0.24608426E+03 0, 0OB0AGOGE+EE
24647798E+02 -0.13194625E+02 -0.62364497E+02 0, 17467267E+83
25231519E+62 ©.13578240E+02 -0.55961203E+02 0,17534621E+83
74252779E+00 -0.63110256E+02 @.17110730E+81 0, 80533843E+02
25390325E+62 ©.49915622E+02 -0.64075570E+02 0, 48600800E+01
24219198E+62 ©.56278547E+02 -0.65883854E+02 0, 79434259E+02
49450717E+62 -0.427008307E+02 0.99226516E+81 O, 48608806E+61
15747972E+61 B.18296894E+02 0.92961511E+81 0, SO60B60AE+E
190843515E+81 -B.88958923E+02 -0, 77601 768E+81 B, 15608800E+61
15469427E+62 0.34859998E+02 -0.64044792E+82 0, 33008600E+68
36876792E+62 0.16583274E+02 0.32279444E+81 0, 330080068E+68
58550426E+00 -0.38200963E+08 -0, 38840359E+01 0, S1008606E-63
17834354E-62 -0.16019659E-02 @.122208974E+83 0, 51608606E-63
67044563E+00 -0, 626620256402 6.152959742E+81 0, 80533843E+62
20667365E+02 0.50643273E+02 -0.60816847E+02 0, 79434255E+82
a. 6. 17986604E-06 O, 0OOABOABE+EO
@, -0.84483751E-06 0, 0OB0ABOAE+AE
26170538E+62 ©.49051848E+02 -0.62902817E+02 0, 48600800E+01
13561144E+00 ©.23695952E+00 -0,17238231E+00 0, 0OB0AGOOE+E
71668288E+00 ©.17859279E+00 -0.81927132E+00 0, 0OB00GOOE+E
34317243E+61 ©.11748976E+01 -0.18083539E+81 0, GROOBEOAE+EE
83372946E+61 0.86743504E+08 -0.665012168E+81 0, 33608600E+08
27073362E+62 -0.39470102E+02 0.14309414E+82 0, 45608800E+01
204736556481 -B.73216317E+08 -0.38089648E+00 0, GROOBOOAE+EE
49491384E+61 ©.108949016E+01 -8.61439770E+80 0, 330086068E+68
16463154E+66 ©.14181192E+02 -6.25862490E+81 0, 50008600E+E
75413396E+66 ©.2185916SE+01 6.25141042E+80 0, GAG0AGOAE+EE
10576886E+61 ©.20983988E+08 6.49343157E+00 0, OOB0AGOAE+EE
51459828E+00 -0.63271234E+01 0.45635009E+01 0, 0OB0AGOAE+AE
68726978E+00 -0.27932701E+01 @.31855857E+01 0, 0AE0AGOAE+AE
46687514E+00 -0,13775133E+01 0.22304701E+01 0, 0OB0ABOAE+E
49682220E+00 -0,24272274E+01 -0.11632552E+81 0, GOB0AGOAE+E
21349568E+00 -0,10469929E+01 -0, 18651725E+00 0, 0OB0ABOAE+E
365170899E+86 -6.57238713E+01 -0.56185679E+80 0, GOBOBBOAE+E
41118582E+68 -0.16109961E+02 -0, 84867029E+80 0, GROOBEOAE+EE
22639146E+81 -B.43433818E+02 -0.37677963E+81 0, 15608800E+61
12842476E+62 0.27006145E+02 -0.51183746E+82 0, 33008800E+68
(21387675E+81 0.60106322E+01 -0.108888082E+82 0, GRGOBOOAE+EE
[ 27860817E+01 ©.28763146E+08 -0.11089709E+01 0, GRGOAGOEE+EE
20388544E+61 ©.92396742E+08 -6.16125419E+80 0, GAGOAGOAE+EE
12295991E+62 ©.72331893E+01 6.40071606E+01 0, 0OB0AGOGE+EE
86683864E+61 0.59412562E+01 6.18620327E+81 0, GABOAGOAE+EE
61692551E+00 0.70082263E+08 0.17196584E+00 0, 0OB0ABOAE+AE
63373538E+00 0.46993131E+00 0.26900318E+00 0, 0OBOAGOAE+E
26286351E+61 0.20705974E+01 -0.37849561E+01 0, 33000800E+08
13549224E+62 ©.51503732E+02 -0,72352946E+02 0, 44527218E+02
24812642E+62 0.47052483E+02 -0.60212356E+02 0,53242000E+01
119674376461 B.19606567E+01 -0.32728246E+81 B, 75188755E+88
51623618E+81 B.16936354E+01 -0.28984172E+81 0, 79668301E+68
73077994E+61 B.88355716E+08 -0.59693484E+81 ©,13957600E+68
34869865E+62 -0.39107365E+02 ©.13314119E+82 8, 28976595E+82
26937291E+62 -0.38428739E+02 0.14241915E+82 0, 564186068E+81
15613661E+61 -0.12961988E+01 -@.23054947E+00 0, 93227006E+68
14179357E+61 -0.50434508E+08 @.11552937E+80 0,13957606E+68
41532728E+61 ©.11215186E+01 -8.81277536E+80 0,13957806E+08
67044563E+00 -0.62662029E+02 0.15299742E+81 0, 80533843E+82
42971771E+00 ©.90970890E+01 -0.14995297E+81 0,88274324E+08
10981986E+60 ©.36950425E+01 -0.52813110E+00 0,93827000E+08
36984955E+00 0. 1623671 4E+01 1036045E+00 0 83579962E+80

CORNELL ff
UMIVERSITY W)

LABORATORY FOR ELEMENTARY-PARTICLE PHYSICS

D. Peterson, “LCTP: GEM Readout Results and TPC Software”, WWS R&D Panel Review, Beijing, 2007 02 05

21



Detector Simulation:

(=) MySQL Query Browser - root@localhost via socket o066
Eile Edit Wiew Query Script Tools Help
e SELECT * FROM models03.ingredients i where model='1ldcea’ w @ -
Back Execute Stop. m
‘ |?id |mudsl |5ub7datactur build_order ‘ Bookmarks [History
412 LDCOO SEcalol 200 o
413 LDCOO SHcalol 300 : < ' mco1_ol >
414 LDCOO SCoilol 400 | madelson
415 AP0l wig01 500 = modelsol
41§ LDCOO tpcO7 100 | modelsoz
417 LOCOT Masko4 60 < [ modelsoa
418 LDCOO ftdol 40 b : detector_concept
419 LDCOO tubeDl 0 (3 :Iingradiams
420 LDCOO sitoo 30 ~ [ model
421 LDCOO LumiCals 50 % name [D
422 LDCOO vxd0O 20 @ dascription
423 LDCOO SFieldol 1000 @ detector_concept e
_ v

(using a custom geometry, includes tpc07 )

Mokka requires the geometry, HEPEVt file
outputs to LCIO, SimTrackerHit
simplified geometry GEAR file

File Edit Wiew Terminal Tabs Help

File Edit Options Buffers Tools S5GML Help

<gear>
<l--Gear XML file automatically created with GearXML::createxMLFile ... .-->
<detectors>

<detector name="TPC" geartype="TPCParameters">

Mokka and Geant

4.85

[ our |

Reconstructed
Particle

TrackerPulse

Monte Carlo

<driftVelocity value="08.0888808" />
<maxDriftLength value="2457 508080" />
<readoutFrequency value="0, K 000888" />

<PadRowLayout2D type:"F‘ixecIPacISﬂzeDiSkLayDut" rMin="386,.888888" rMax="1626. 000A88" padHeight="6, 00AAAA" padWdidth="2.000000" maxRow="28c" padGap="0.000088" />

</detector>
< fdetectors>
</gear>
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Reconstruction, Analysis, Visualization: Marlin

RawCalorimeter
SimCalorimeterHit Hit -

MCParticle -~ LOTElaions = o

TrackerPulse |

Monte Carlo RawData |Digitization

e

,P{ Cluster b

&
~LCFalaticn S b-l CalorimeterHit ¥

Reconstructed
C AN L Eay -
Particle

-l TrackerHit M

Marlin requires

|

A

=

1

Al

I

J _l'

*
T Vertex -
L
Reconstruction &

Analysis

LCIO and GEAR files
specification of processors

File Edit Wiew Terminal Tabs Help

<parameter name="LCIOInputFiles"> ttbar_large_step.slcio
<parameter name="SupressCheck" wvalue="true" />
<parameter name="GearXMLFile"> gear_ldc.xml </parameter>
</global>

<processor name="GenericViewer" type="GenericViewer"s>
<l--Drawing Utility-->
for Sim Tra r Hits-->

=1 mTrackerHit" type="int"»1</parameter>

ame="Layer>
name="5imTracke

</parameter>

rHitCollections" type="StringVec">tpc@7_TPC STpc@l_TPC </parameter>

SimTrackerHit

— —
[ e bt T4
! iF

TPCDigiProcessor (Gaussian smearing)

TPCTrackerHits
Full reconstruction,
95% efficiency in TPC

A. Raspereza, MPI, Valencia 2006

S. Alpin, DESY, Cambridge 2006
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Simulate radiation in the TPC in Mokka Realistic noise

Input
TESLA TDR/Stahl beam parameters
Guinea Pig pairs from 5 simulated beam crossings
different geometries and magnetic fields
neutron production enabled in Geant 4

Output
write out hits on all detectors to LCIO files
monitor all particles entering the TPC

apon Ovwerlay of 5 BX annn | Owerlay of & BX

future: i )
overlay beam background hits 1000 000 | S
on physics events T z
E 0 E o
1000 - ol o o8 e TN o S R N TS
Origins of neutrons reaching the TPC - d o g ¢ TR W
) 1orex 2 R 3 2000 - | zooo}
= E
o) & -2000 -10040 a 1000 2000 -2000 1000 0 1000 2000
o ) [ * [mm] 2 [mm]
- A. Vogel, DESY, Vienna 2005
at s 35
et é ECAL Barrel l-I.II . I
MZ [n;m],.,, TR a0 m e s ».\.z Emm]\\ e e oM e
TDR layout Stahl layout
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Magnetic Field Distortions

Magnetic field distortions

change the trajectory of particles
Primary Particles
drifting electrons in the TPC

The field must be mapped -
Hall probe
Then use data to find corrections. ‘

distortions due to DID

dB/Bz <2X 10_5 iS required J. Abernathy, Victoria, Vancouver 2006

Simulation is implemented using Mokka
Allows parameters to be stored in a MySQL database
and accessed with drivers
Gas composition, Geometry, Field distortion

Reconstruction is within Marlin
Modular pieces are being developed in parallel
Signal calibration
Pattern recognition / Seed Track
TrackFitterLikelihood (Victoria) ——

D. Peterson, Cornell, Snowmass 2005
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Detector response and digitization full simulation

HEED Simulation -+
45 Parametrisation

Number of Cluster [1/cm]
b

0.1 1 10 100 1000

10000

=7 (1) primary ionization:
N ] clusters and cluster size, - | A
ess| AN ] track trajectory Bl

= \ ionization in drift volume PARN

1e-09
1

(2) drift the electrons to the readout

Drift Velocity [cm/musec]
- n w a o o

100
E [W/em]

il |
- ‘ - o) et
10 100 1000 10000 %W'Wao;‘n';"l 62215\"“‘_,,,\

- Fited PASTEG o — § T eogmsnumen
(3) properties of GEM : ﬁ\ < N
I - ﬂi * Ezﬂl Eil;;gu B
gas amplification S . | e el
transmission, width ®* :

(4) e I eCt rO n iCS (S h ape r ’ BAEijm[Eu:ﬁD EZ‘T‘BE"“'EM S E ; Ma%]net\c éield rr]‘;

0" 1 Simulation P5 —

= M?EFSUF_E:'E?“‘ FI’5 e

' resulting simulated pad response E 08 eacirement TOR —o i

ason 4 % 0.6 ’

" duplication of prototype measurements -é_{,;, s " .

-% i Hg ®

I future parameterization in Mokka
P %5 50 100 150 200 250
s A. Munnich, Aachen, Valencia 2006 drift distance [mm]
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Simulation of signal overlap

c 15316
h 4

—hit— ——TaG— —time— ——ph—

1784 14 —1728 =4
&1 -2208 —249
~1 a4z —§
41 -RERD 23

SoEd
l2ogzz
RS

\(heluw charge cul-oll')

f A cone with +/- 4.7 cm iIs “active”

12400 L
-1:5¢ mm - 1750 mm -2350 mm 280

2400 1800

Simulated “ionization centers”

Gaussian spreading pad distribution function

Multiple hits on pads

Create FADC time response for each pad
Future: implementation in Marlin

D)

H0U
50 mm 50

58
o
e
E
z
=
2
2
F

8

s 46 | = PP
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Track Finding Efficiency vs TPC Pad Width
CLEO track finder

S e Results of reconstruction

100—‘ ..... .
0.8 ®e0q Reconstruction ... H
0-96T + H- ; in time

g 094 i

£ 0.92+ + In I’(I)

qé‘ogo—- o 000 o o

N | 99.5% efficiency

€ 0.

e - . .

T s ey < 3 mm pads sufficient
0.84=T @ 0.4 < 1 /(diam. curv) < 0.8, 70 <02 m ® . .
os-|- B i (Resolution is the
0.80 +——+—+——+——+—+ determining factor

— N M % 1N O N~ O @
) -
pad width , mm

Track Finding Efficiency vs Noise Occupancy

for pad size)

CLEO track finder e,
100-- + 16-November-2005
0994 t bl 2.5% loss in efficiency
s | with
S 0974
g (0)
£ oot 3.6% voxel occupancy
g 0.95— ?Tgmmrgﬂisuswc
§ 0944 3 Tesla field ~21% Of hitS
!E i N -
S T T S T— are touched by noise
0.92=r o 0.5 1 15 2 2.5
o noise hits in detector ( 108)
0.90 +—4——"+——+——+—+—+—+—11

0.00 0.01 0.02 0.03 0.04 0.05

noise occupancy, fraction of voxels

D. Peterson, Cornell, Vienna 2005
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Improvements in hit creation: Mokka

Mokka creates TPC hits A. Vogel, DESY
previously intersections of track helixes with idealized detector cylinders
now equally spaced points in material, true “ionization centers”

needed for implementation of the signal overlap treatment in Marlin,
which has been started
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Beginnings of an Organized Analysis

Marlin Processors

LCIO Collections

C. Hansen, Victoria, Vancouver 2005

Currently:
L TrackerRawbata . wyithin the TPC community
TrackerRawData2DataConverter T“’TP:“*:“:‘“" diversity of simulation
PedestalSubtracker g0 T T recons_tructlon
ChannelByChannelCorrectortth analysis
LinearityCorrector  etb _
TimeShifiCorrector oot Starting a common framework
“‘ui Trackerbata | TOr Large Prototype
gEAR PulseFinder (el L~ "TPCDAt” to some extent, small prototypes
ChannelMapper \cen
GainCorrector \eh -._‘\" | Large effort with groups in
TrackerPulse
- Germany and Canada
ﬁ“!‘- HI'H:indEF 'Ji““ A// “TPCPulses
'ﬂ'-m HiTPRFCﬂFFEI:Tﬂ'F wch ‘-'"‘---._* . Marlin Processors
| TrackerHit | .. .
W TrackFinder[Method] - eeie . GEAR for static information
T~ Tk | LCCD for conditions data
gff  TrackFitter[Method] yueo |<| ““‘“5“““““" (the things we often call
Track

“constants”, which are not)

"TPCTrack”
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lﬂ! £ iﬂﬂ! Conclusions
IV
GEM readout: ~—

resolution goal demonstrated with 1.2 mm pads,
probably 1.5 mm pads can be used with more diffusion defocusing

resolution goal at full drift requires a gas mixture
with lower transverse diffusion in the drift field

consider a gate to reduce the ion feedback
consideration of a GEM gate requires understanding of the transparency

GEM endcap tracker
tests of a large prototype and development of curved foils, this year

Software

developed frameworks for simulation and reconstruction
in both Europe and Asia

working on sophisticated simulations to address detailed TPC design
organized analysis in development
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