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Progress since Paris LCWS LCWS 05

O Large dataset collected in 2004 in DESY magnet

UV laser system incorporated
o single/double beams available under remote control

New readout plane with narrower pads
o datataken with both sets of pads

Readout plane for Micromegas with resistive foil
0 New full smulation of cosmic raysin DESY setup

cosmic ray generator (courtesy Rob McPherson, UVic)

GEANT 3 propagation of particles in the magnetic field
o energy lossinfo used asinput to jtpc package

o FARTOO MUCH TO SHOW IN 15 MINUTES!
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Narrower readout p| ane LCWS 05

O At Paris, our results show defocusing in P5 or TDR
gasof around 0.4 mmat4T.

too small for our 2 mm pads (width/c, = 5)

0 To check effect of pad width, we built a new readout
board replacing 2 mm pads with 1.2 mm pads

2 mm X /mm

1.2 mm x 7/mm
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Micromegas readout plane e

O Shorter pads (6 mm instead of 7 mm) in order to fit
them all within the Micromegas frame provided to us
by Paul Colas

0 Resistivefoll (carbon loaded kapton) provided by
Madhu Dixit

0 Resistivefoll affixed to readout plane through
baking a 50 um sheet adhesive at high pressure

nice uniform gluing technique

0 Unfortunately micromegas failed in P5... we were
using apoorer quality MM
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Micromegas installation e

Micromegas on
loan from
Paul Colas

grounding resistive fail

Plastic clamps
to hold Micromegas
in place
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TPC modificationsfor UV laser WS

0 New outer acrylic vessel made with windows for
laser entry — quartz glass inserted

Y

m-m-miumugumnun

guartz window
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L aser beam delivery system LCWS 05

O God:

study resolution and track distortions with single beam

study two track resolution and ion feedback with two
beams

0 Challenges:

Ddliver 1 and 2 laser beams to TPC while inserted in the
DESY 5 T magnet

Magnet areais inaccessible while magnet on
o  magnet takes 30 minutes to ramp up or down

UV laser light must be contained within laser area

O Solution:
build aremotely controlled beam delivery system
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L aser beam delivery system e
O Approx. 2 mlongto
reach into magnet |aser power
supply
laser + optics
TPC holder
Engineering by

Mark Lenkowksi
Univeristy of Victoria
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L aser optics

March 21, 2005

Focusing
Splitter elements

Blocker

— Movable

mirror

Mirror %/ °

'I'_.t
e

~ Splitter = Bloc‘;‘m
2t ]

UV Laser
i
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Sandblasted
quartz reflector

Photodiode
for trigger

Sandblasted
quartz reflector




LCWS 05

Beam ddlivery

./Movable

mirror

Movable |
splitter, s
flip in or o
out of beam S
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Beam delivery — offset in x and z e

Rotatable
mirror
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—————————————————
Setup with the DESY magnet LCWS 05

0 For safety reasons, the UV laser must be Contal ned
within alight tight box [l - T

aac
"in

-5
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Laser event with2 mmpadsat 4 TinP5~"" "

0 Single laser track seen by 2 mm pads and P5 gas

g D= R TR R | T
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Scan of laser In x e

50T utbiRange 0

Mean : 0.58202

5004 Fms: &.324160
4501
4001
34600
300
2801
2000
1407
1001
an-

] I I I I I I
-8 -7 -6 -4 -4 -3 -2 -1 0 1 2 3 4 a B v a
I
pad size
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Fine scan of laser in x HEWE O

Entries: 17526
OutOfRange : 0O
hlean : -0.50307
FooT Rms:  1.7046

750

B50

GO0

5507

500+

450

4007

350

300+

2507

2004

1504

1007

a0

I:I_
-4.0 -348 -3.0 -2.4 -2.0 -1.48 -1.0 -0.5 0.0 : : : : : a0

March 21, 2005 reconstructed x0 (mm) pad size 15



—!

Laser track resolution studies .
O Laser beam positionisvery
stable, typical result froman =] | * {
overnight low rep. rate run: g;;@j | |
drifted + 6 um over aperiod .1 i | :
of 12 hours | \

G.764 f j j j j j j
100 200 300 400 a00 GO0 700

O Hit laser tracksto straight lines
Fit X, distribution to Gaussian to estimate resolution

Compare thisto resolution estimate from residuals

o check that resolution estimated from the residualsisvalid
(ie. check the method used for cosmics)
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L aser track resolution example: run 67

LCWS 05

#/50 um

S00

4001

300

200

100

March 21, 2005

ET x0
Ertries : 720
Ot OF Range ]
Mean ; -6.7754
Rms : 0.0220473
=u== minuit fit
= 407 .81
Mmesn ; -6.7TE

sigma : 0.0277ES

Straight track fits

8 row fit: 28 um resolution

— 1 row resolution = V8 x 28 um

background : 4 9352 =785 Hm
| |
a 65 -6.0
X, from 8 row fit (mm)
B =7 dx = . .
B c7 o reference fit excludes row: 95.2 um

0.0 0.1 nz 0.3
residual of 1 row fit to reference fit (mm)

0.4

reference fit includes row: 61.6 um

resolution (geometric mean): 76.6 + 0.6 um

Good agreement!
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| aser resolution cross check

O For cosmics one must use curved track finding

to check if this affects the resol ution estimator, apply
curved track fitting to the same |laser data

E,DDD“ ETr dwx all
E7r dxi all

1,500

1,000

#/40 um

500

1
02 03 04

residual of 1 row fit to reference fit (mm)

I I T
-04 03 -02 -

reference fit excludes row: 101.5 um
reference fit includes row: 53.4 um

resolution (geometric mean): 73.6 + 0.7 um

resolution estimate
low by about 5%
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Drift velocity monitor

LCWS 05

O Laser very nice to monitor drift velocity (after
changing gas or opening the detector):

805
850,07
79.57
79.07
F8.57
78.07
P
2.0
76.37
76,07
£53:3

mean time bin (50 ns bin)

75.07

| Entries : 10.000 |

4.5
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| | | I | | I | I I
50 100 150 200 250 300 350 400 450 500
time (minutes)
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Two track resolution studies: PSgasat 47"

O Bring two laser beams close together at same z

= example (runs 67-69): 3.8 mm separation, ¢ = 0.5 mm
Beam 1 only Beam 2 only Beam 1 and 2

£ Frema [e=play for Readeul Pasds £ Frema [e=play for Readeul Pasds £ Frema Dimplay for Readeul Pads
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Two track likelihood fit

0o Modify maximum likelihood track fitter to allow for
charge coming from two tracks to contribute

MH -
relative amplitudes of the charges from two tracks for
each row are treated as nuisance parameters (1 per row)

O Fix sigma (known from z)

0 Maximize likelihood for 4 track parameters (X, 01,
X2y Op) + 8 NUISANCE parameters

for MIPs the 8 nuisance parameters are independent and
maximum likelihood determined by setting oL /da;, =0
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LCWS 05

Double track fits: 2mm wide pads

c =0.5mm
AX =3.8 mm AX = 2.0 mm
ﬁ Event Nsplay for Readout Pads ['. |rﬂ|ﬁ r— |rﬂ|ﬁ
Dptions Dptiaes
Dram Event | Draw Eveed |
_| w=e log scale | wen oy scale

| shiow seed irack 1 ehowi seed track

. show Track Fi ¥ show Track Fii
| show pulse data | show pulse data

dips between | s i daa 1 show tive data

Ciodor scale

tracks e el
124407 12l
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Two track fitting performance

LCWS 05

O Typical result:

March 21, 2005

single row x, resolution (microns)

500

400 -

300

200 A

100 A

Two track resolution at 4T

2 mm pads

T T T T
1 2 3 4 5

two track separation (mm) 23



LCWS 05

Cosmic ray tracking studies

0 To better understand the results from the cosmic ray
samples, afull GEANT3 ssimulation of cosmic
events was devel oped:

DESY magnet

’q «— Active TPC volume
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Comparison

at 4 Teda

Data:

MC:

Data (p004b4000p5.aida):

data x0 (rawd

180 Entries : E480
Mean ;-0.14264

160 Rmsl]: | 12578

1401

1207

MC (pO00&mc302.aidal;

-20 0 20

302¢ x0 (rammd

1007

—Entries :

35145

data sigma (rawd - o u...

2 5(] igma [raw)
E455
0.57546
2 0o 0.21085
' Range: &
in fit
1,50 itude : 2657 5
3 052132
in ;0072955
1,000
500
D —
0 2 4

302c sigma (rawd - g ...

2,21

E
2,000;
1,80

1,600

sigma [raw]
(== FG0E
041641
0.0704-15
Range : 433

220 HEntries

200177
1807
160

1,400
=
1,200
1,00F
e00
600
400
200

rnin fit

itude : 11.966
4583 .4
4354 .2

140
120

data phi (rawd

302c phi framd

400 rEntries Ed43

Mean ; E33E-3

350 fFms : E12E9

Ot OF = 11
00T
260T
200
160
100
50T

data tanl (raw)

5[ frENtries : E144
Mean ; 2.2027E-3
Rm= : CIET3E
001
Ot CFR= :31E

250

200

150

100

507

0

-0.25 0.00 0.25

302c tanl {raw)

2R HENtries 3584
D -FHZ07E-3

rezn
Rms :
200 Hihat CFR=

150

100

50

U T T T
-0.25 0.00 0.25

data z0 (rawd

Ertries : E453
: B0.451
1.286

s ;1

] 100

302¢c z0 (rammd

1607
1407

—Entries :
Mean :
HRms
OutOfRange @

3611
87.073

120
100

80+

G0+




Large o eventsin data, not MC LCWS 05

sigma o
2,400 Entries : Toos ::.
1 #* hean : 0.42459 i
2200 x Rms: 010957 “
2,000 et
1 ]
1 &00 )
1 GO0 sy
ol
14001 e
1,200 I
1.000T
o
M"
e
=t L—»—_‘__—
o
Ly
A1
p— ol -
on 0.2 0.4 0E 0g 1.0 1.2 14 16 ﬁ
ik
e
e
Events contain very large pulse (deltaray)

that generates very large induced signals.
The analysis assigns charge to these pads.

The MC includes delta rays, but does not
simulate induced signals.

EETRRASITRR AL

L T
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Comparison of resolution: 2 mm pads™ ™

O P5 gasnot yet stabilized: diffusion constant still
large: ~70 um/~em

012
011
010

0.09-1

oosT

resolution (mm)

0.07T

0.067T

data resal vs drift

| Ertries : 7.0000

0.05-+
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40 G0 80 100 120 140

drift time (time bins)

0124

0114

0107

0.084

0.087

0.07 7

0.067

302c resal ws drift

| Ertries : 7.0000 |

'

+++

MC

0.05

40 G0 B0 100 120 140

drift time (time bins)
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|nverse radius of curvature

LCWS 05

RMS of Dataand MC
IS good agreement

Offset in opposite
direction...

Offset in MC dueto
imbalance of u* and p-

MC and data have B
fieldsin opposite
directions?
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data inverse R * 1000 - g uncrmin fit

ann- data inwerse R * 1000
Ertries : 3EES5
800 Data A | Mean: 0086733
i. V| Rm=: 036664
700 \
", b unz i fit
6001 I‘, amplitude :  807.13
1 \| mean:  -0.0837E0
500 b=igma :  -0.34488
400 7;
300 I
200 \
100
0 T f i
-2 1 0 1 2

L5, ]

L5]

[ ]
|
1

302c inverse R * 1000 - g uncinin fit

[F0Z2c inwerse R * 1000
Entries : 2363
M C Mean : 0.026516
Rr= : 0.38303
Lz i o fit
mplitude :  501.53
0.0373253
0.353156

The following plots show the Monte Carlo distributions for mu+ and mu- separately:

450
400+
350+
300+
2507
200+
1507
100

507

mu+ inverse B * 1000 - g uncmin fit

mu+ inwverse B #1000

Ertries : 1342
M C M"‘ Mean : 0.23101
Rm=s : 0243320
 unicmin fit
|lamplitude :  401.04
mean: 029015
0.22921

350+

300+

2504

200+

150

1007

50

mu- inverse R * 1000 - g uncrmin fit

mu- inwerse R * 1000

Entries : 1027
M C H_ I Mean:  -0.23803
Rms : 0.24920

i uncmin fit
amplitude : 316.63

-0.23816

-0.23692

mesn :
sigma :




e —————————————————————
Narrower pad readout: 1.2 mm, P5at4 T "

0 Check if better sharing improves resolution

laser event cosmic event
B fvent Disploy for Readout Pads r:_lrgE
Oplions
Draw Event |
[ o oy Scale

[ shiowi seed rack
[ sk Track Fl
(v Bl pulse data

[ show time dala

Color scale
121572
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. LCWS 05
Blases seen

0 significant offsets seen (not seen with 2 mm pads)
eg. row 1 residuals offset by ~— 0.1 mm

pan del - gauss uncmin fit- pan d«€il - gauss uncmin fit me3sa dl - gauss uncmin fit- me38a dadt - gauss uncrmin fit
1,000 pon dx1 800 mo3EE di !
Ertries : 3423 .
qog- . pan T rc 385 dwil
. jh=us=s uncmin fit 700 1
B p5n dxi : 1
= :673.45
00T _ s da
rmean : -0075924 600+ Ertries : 2593
700+ sigma : 0.033202 Mer : 042286
background ; 7.8048 {: Rz : 0030333
GO0+ b5 i 500 % —:[_ g:L!ss uncrin fit s
o SIS AR 4 mear 012474
jh=us=s uncmin fit 400 Bl o 0073453
= - 16 8 background : -3.7742E-6
400 21 :
mean : -0.045927 00T H- fc333 di1
sigma : 0055133 _I'+ Entries : 2593
300 it i Mean : 0092941
background ; 1.Q000 200+ Rirns - 0L0E2205
200 lgauss unemin fit
1 ] ER 701.59
1004 100 | fmean ; 0093569
4 i sigma 0053116
0 0 _J"‘—Lw— F=7 | background : 3337564
T 1
-0.4 -0.2 0.0 0.2 0.4 -0.4 02 0.0 0.2 0.4
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Row by row resolution e

0 Remarkably good agreement with MC

Significant
Improvement
In resolution

less diffusion
and
smaller pads
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Overall resolution

LCWS 05

0 Dueto systematic biases in data, overall resolution
somewhat worse than MC —still it Is very good!

pan resal vs drift

mec308 resal ws drift

| Ertries : 7.0000

0.080T | Ertrie= : 7.0000 | 0,050
0.085 0.085
0.0807T 0.0807
0.0757T 0.075
0.070 0.070
0.065T 0.065
0.0607T 0.060
0.0557T 0.0557
0.050- I I I I I I 0.050
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Summary LCWS 05

O A very successful run at DESY in 2004
alot of data— a systematic analysisis underway

0 Laser tracks are very useful tool for testing TPC operation
Our laser transport system is available for others for DESY laser tests

o Two track resolution is quite good:
eg. ~2 mm for 2 mm pads

o Full smulation reproduces data resol utions reasonably well.
2 mm x 7 mm pads. ~90-110 um resolution for ~P5 gas at 4T
1.2 mm x 7 mm pads. ~70-80 um resolution for P5 gas at 4T
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