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Motivation

Previous measurements of cosmic-ray positron

. . 4 L Boostfaktor: 18.1 e HEAT S4/95/00
fraction: deviations from expected shape, but ; ] 2 - G ARSI
Iarge errors. o ¢ (bg only): 62.8/18  ----- kackground
bg scaling: 0.84 --=-= signal
1 - — bg + sig

No primary source for positrons known: probe
for new physics.

Dark Matter Candidate: SUSY-Neutralino x

Annihilations can occur, e.g. in the galactic
halo:

XX — bb, W*W-,... —» ... — e*e ... (stable) .
Primary source of positrons in cosmic rays! - my=1400 GeV _
m,, = 130 GeV ob
) 5 tanp=514 m, =51 GeV
Secondary background arises from 10 1, « ey L -
hadronic interactions of cosmic ray 10 1 10 Eﬂg} y
protons and subsequent decays. W.de Boer et al. = [GEV]

Atmosphere inhibits ground-based measurement: 20X, 8A , therefore use high

altitude balloon as carrier. Advantages: Reproducibility, post-flight calibration
possible. Background by atmospheric secondaries must be considered.
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Reminder: PEBS

Tracker module
of 250um
scintillating fibres.
To be read out In
bunches by
Geiger-mode

Balloon experiment to measure silicon avalanche

cosmic-ray positron fraction. ohoto-diodes.
Flight campaign of 20 days
planned from Svallvard Scintillating fibre tracker
balloonport. Transition radiation
Huge geometrical acceptance of detector
0.4 m2sr foreseen. Electromagnetic
calorimeter

Testbeam goal: Measure performance of scintillating fibre
bundle with SIPM readout
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Reminder: ACC

AMS Event Display Run 100/ 3676 Mon Jun 14 18:42:33 2004
5 GeV/c He nucleus interacting in TRD

Front e
TRD

ToF

Tracker

layer 1-8 ACC needed for veto
against stray particles
traversing magnet, leading
ToF  towrong charge
reconstruction
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Setup: Mechanical drawing

panels

2 ACC scintillator [

I T———=% \ /'

beam = — {7
telescope: n:ﬁ!. NT - | = o
4 CMS TEC IF i
Ring4 modules = F 10 Gev
with ARC protons
readout ||
N
® |\ se
PEBS fibre bunch with SiPMs rotatable -
in copper block and PMT frame [[DJ\
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Trigger and DAQ

Trigger S6 FiFo I%Omv start —5 FiFo 2 ARC-Boards
c
GG
AR t 3 CAMAC ADC
. . o)} B ]
Trigger S7 FiFo I%Omv 20ns — FiFo Grater 1000
C
start
AND
/
- g5 ] - o OR GG
rigger ¢ 100mV 10ms
c DAQ / Slow Control challenge:
out

* ARC readout DAQ

AND G
Trigger S8 |—— FFo —}oony « CAMAC ADC readout

COININon

inhibit (combined!)
* Online display and data storage
* Offline raw data processing
* Offline analysis
* Slow control: temperature
@ b sensor readout . .
* Slow control: cooling machine

* Backup strategy

0 100mv e Geant4 MC

~23000 lines of code (500 A4
pages)

trigger on four-fold coincidence (for fibre and ACC
gap studies)

or on two-fold coincidence of larger trigger panels
(for ACC studies)
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Fibre bunch up close

copper block

fibre bunch

3 fibres each to
SiPM in copper block



Slow control performance

Slow Control
E_‘J 2 - temperature on beam = 100 %‘
E 25 ;_ telescope frames ~ 25°C _; 90 g
- — — =
T 20 —80 =
= — monitored temperatures at various positions and - o
g€ 15— humidity near copper block —70
2 — humidity controlled using N, gas and desiccant =
U — temperature regulated by Peltier element and cooling = 60
5 machine 50
— minimum temperature: -16°C -
0c -40
-5 —30
10 E_ temperature on SiPM o _E e
45—  copper block ~ -16°C humidity ~ 3% 10
-20 S AR R NS AR S S S | | R S
O:SB:UBO:SB:UM:00:091:02:091:04:01!1:06:091:08:0ﬂ1:10:091:12:091:14:(?0

time
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ACC panels up close

. 2N slot and
AN key region

beam telescope module





















Meanwhile...




Beam telescope pulse shape

| mean pulse shape for module 2 | Constant  117.8 + 16.4 | mean pulse shape for module 3 | Constant 88.5 + 20.3
o 22 MPV 0.5773 + 0.2057 o _ MPV 0.5111+ 0.2082
g L N\ Sigma _ 0.9216 + 0.0999 g 16 Sigma _ 0.6788 + 0.1403
8 20 A o -
= = \ “E 14— \
£ 8 1 frame = 25ns 5 I
c 16 \ ® 12}

o 14 s L
E C E 10—
12— - \
10F- e
8f- 6
6 / o
4 -
- B B
0 b | A I R i v 0 | | L S —
-4 -2 0 2 4 6 8 10 -4 -2 0 2 4 6 8 10
frame (max frame = 0) frame (max frame = 0)
| maximum frame (for multi-frame events) |
§900F
Esnni—
700/ CMS silicon modules operated in peak
600 mode
3 automatic determination of latency setting in
o offline software
300[
2000
100
E | | | \ | |

)| m—— .12. \ \14. . |16| . |18

frame

relative to latency setting of APV
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Beam telescope: pedestal variation

| pedestals on module 0 | pedestals_0_0 | pedestals on module 1 | pedestals_1_0
Entries 512 Entries 512
Sas0 w2\ s
% r Underflow 0 % r Underflow 0
g T Overflow 0 g T Overflow 0
200 — 200 —
150 — 150 — pedestals N
- - ADC counts
10 - 10 w
C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
% 50 100 150 200 250 % 50 100 150 200 250
strip strip
| pedestals on module 2 | pedestals_2_0 | pedestals on module 3 | pedestals_3_0
Entries 512 Entries 512
F250 Measn 128.9 5 F Measn 130.8
L RM 75.71 C RM 73.59
E r Underflow 0 5135 F diffe re nt Sca|e| Underflow 0
g Overflow 0 8 F . Overflow 0
200 — 130—
: 125F- |
150 -
- 120 L
: : W H’uﬂ“ il
100— 115 L
- |
W 110 ".! W
50— 105 ™
B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 100 __I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
l:l[l 50 100 150 200 250 0 50 100 150 200 250
strip strip
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Beam telescope: noise variation

| noises on module 0 | noises_0_0 | noises on module 1 | noises_1_0
Entries 512 Entries 512
o 6 Mean 127.1 o B[ Mean 131.4
2 F RMS 73.98 s F RMS 73.93
S C Underflow 0 £ C Underflow 0
51— Overflow 0 51— Overflow 0
4 4 : —
- - noise =
3 2 standard
- . deviation of
2 2
. |- pedestal
1= 1= distribution
C 1 | 1 | 1 I 1 1 1 1 | 1 1 1 1 I C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I
% 50 100 150 200 250 % 50 100 150 200 250
strip strip
| noises on module 2 | noises_2_0 | noises on module 3 | noises_3_0
Entries 512 Entries 512
o 6 Mean 129.3 o 6 Mean 139.6
-g C RMS 74.07 -g C RMS 68.99
S C Underflow 0 < C Underflow 0
5— Overflow 0 5— | Overflow 0
4 \ 4
. P A small scale
- . variations —
2 y create pedestal
B data base
C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I
% 50 100 150 200 250 % 50 100 150 200 250

strip strip

dead APV — some noisy strips
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Beam telescope statistics

number of layers with one or more clusters in event number of layers with exactly one cluster in event

A
<
A

<

20

240F [
zguf_ 130:—
- number of - number of
200E  peam telescope 160~  beam telescope
1s0F  layers with at 1402 layers with
- least one L exactly one
160 i Y 65% of events
= cluster 120f  Cluster .
140b- C with exactly one
: 100 cluster on every
120 - layer in the beam
100[- 8oL telescope
80F sn:—
60
C 40—
40— i
F 20

0

0
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
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Beam characteristics

| cluster maxima for module 1
. 2
8 1800 — 35900
E — g
2 1600 — 3
- 30000"
1400 — .
— 25000
1200 — L
1000 — 20000-
800 — 15000
600 — i
— 10000
400 — [
200 — 5000
u s 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 -
0 100 200 300 400 500 0
strip 003 002 -001 O 001 002 003
dy/dz
beam telescope: cluster maxima
| cluster maxima for maodule 2
@
= ggoo[
£ oo . track
3 7000F
S 800 - dx/dz
700 6o00|
600 5000
500

4a000f

3000[
300 C

2000
200 r

100 1000:

L
=

=

g
2 %
U
~\
N
W
S

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o C
100 200 300 400 500 -0.03 002 -001 © 0.01 002 003
strip dx/dz
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PEBS results: Event display

PEBS testbeam online software

File Edit View Help
~a = 3 [, o ba : oo =] : [=1 =] =] =1
L =7 46931 [3] ﬂallﬁ = | |a ff | salee===)wafo Hooo apcsfo Hf1 Hlz [z & lu 45
Current run:
o
I 1 |
I IEEJ uE [ 250 250

Current event:
HE0H | 200
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Cluster

150

s

=
=
|

100

50 50

5
g
(=]
g
-
g
w
g
g
(]
g
(=]
g
-
g
w
g

) ADC - ]
"E o : : trigger S
oo = hit in 2 consecutive fibres 99
800 ;_ \ / \
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SiPM: example of a MIP spectrum

SiPM 14 * S!PM type Q606EXP
with reflective foil on PMT

0 "
E B dark spectrum: SiPM 14 *
S10'= |/ beam telescope hit Entries 1641
% = away from fibre Mean 174.1
E B I RMS 15.36
\ ¢
10° mean: 6.1 photo electrons
— excess noise:
B 4= fibre area <
% 1 2 3 6 SiPM area
102 E /
— 8
B 10 photo electrons
10 =
L=
140 160 180 200 220 240
ADC channel
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adc channel

‘V
£ Imlllll II| II

with reflective foll
6.1 photo electrons
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Comparison to simulation

GEANT4 simulation of 300um fibers

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

energy deposit of 10GeV proton (GEANT4)

dE / MeV
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E— energy deposit (MeV) 3 fibres, d=300 pm b-electron

— Entries 15416

— Mean 0.1599 ; {

= RMS 0.05234 <
— 10 GeV

= proton

= P—— Expectation:

— Delt? Fmp, = 193 ke np.e.:dE'fscinfftrap'fmirror'fcoup°fpde
— Sigma = 8 keV

= n,,=160keV-8/keV-0.073}1.6-0.7-0.15=15.7
= Lo b e L et e e Lo L |

A 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5




Fit of Landau-Poisson-Convolution

¢ |
§Q _ measured photo giyed parameters of
20.12 / electro:ﬁs from convolution of Landau- &
- ‘// example SIPM Poisson-Distribution match
GEANT4 results:
0.1
Measured spectrum
0.08 matches expected MIP
- spectrum
0.06 _ Fit does not match values for
- trapping efficiency and
I photodetection efficiency from
0.04 \ manufacturers:
I expected
- distribution from Photoelectron-output is 60%
0.0%g simulation lower than expected
0'...|...|...|...|...|...|...|...|

0 2 4 6 8§ 10 12 14 16

np.e.

H. Gast, G. Roper, P. von Doetinchem - Hausseminar November 2006




Properties of scintillating fiber/SiPM detector

without reflective foil with reflective foil
i 10* = % E
g - fibre g -
£l bunch O ¥ WE 0
o1 = W | 3 C [ | u
C [ | ~ ] [ |
i gu = 'm
- 102 B SSPM 050701G
107 B SSPM 050701GR -
= - SSPM 0606EXP
. SSPM 0606EXP -
_ R PR TR NN SR NN SANE TR NN TN T WA SN NN S T ST AN NN S T ST
2 25 3 3.5 4 45 103_* I IZ.’uISI = Idlil = I-4|5I = Iél = I5.|5I = Iél = IB.ISI
photoelectrons photoelectrons
= [ | 4 [
z .
10° = i g @ | [
L [ | 102 = -
N - n
- . - n
10:— -
| ®m SSPM 050701GR "5 | m SSPM050701G
- SSPM 0606EXP - SSPM 0606EXP :
7 o5 hsz 63 6si 0% 0% 65 0% tw @
efficiency efficiency s

reflective foil at one end of fibers increases photon-output by 60%
efficiency and signal to noise for SSPM-0606EXP with reflective foil near
acceptable levels
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Data preprocessing

E E EZZO*
> - c 20/
o 2
o B 3200—
10° = 25% bad F
— events due to :
B FiFo baseline to0f-
. shifts :
10 E— 140_—
- cleaned up spectrum ol :
02— : eaks in cleaned
10°E wl spectra can be
— ﬁ identified by peak
- ot finder
o b b b P
10 = 0 1 2 3 4 5
— # photoelectrons
'E \illhmj\
T | |J | | ] | ] II
50 100 150 200 250 300

filter identifying “good” and “bad” events adc channel

cleans up spectrum
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Position measurement of scintillating fibres

E F E
E fibre bunch 0 £ r fibre bunch 1
328l 2128 |
B 129
129 B
- 130
130 -
- 131
131 .
- 1320
132 F
_ -133+_|||I|||||||||||||||||||||||||.||||||||
- 20 30 40 50 60 70 80
-1 33 +_| | | L1 11 | L 111 | L 1 1 1 | | I | | | | | | | I 11 || XImm
20 30 40 50 60 70 80
x/mm

. , , Principle of scintillating
beam telescope coordinates for fibres with fibre tracker works!

amplitude > (manual) ADC cut
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Determination of fibre positions

180
- fibre bunch 1
200 .. 160 —
- fibre bunch 0 -
180 140
160 ;— 120 :—
140 100—
120 80— gap w
100(— -
B 60 L
80— B
N 40—
60— B
a0 200 | A w
E 0|: L i Il__i___h‘_u_L.ILa[I) -_-ILM.-F:;..-M.'l kiRl AN e g | ]
20— & -133 -132 -131 -130 -129 -128
0 J:.n. RTTTR e !ruﬂli_u‘dd:J,.{L.-..‘:IJ'..-.'H._l_u;:.'fﬂ";l_ﬁ.'c_if“_"}."h'ﬂal]{.-{.'l?a},h_1.1:.'!! Wt || || ] yjmm
-133 -132 -131 -130 -129 -128

y/mm

Gaussian fits to distributions of
fibre positions along y
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Accuracy of fibre positions

residuals to fitted fibre position

E T gl
£ 129 =18
c | 1.6;
.g — 14—
§129.5— 12
o _ 1/
E — 0.8
= 130 0-6%
B 0.4
— 0.2/
-130.5— 915/ -10 50 5 o 1/
- fibre bunch O
-131— slope = mean distance between fibre bunch 1
— fibre centres
131.5—
_132:|—III|IIII|IIII|IIII|||II|II|||IIII||III|IIII|IIII

0 1 2 3 4 5 6 7 8 9

fibre number
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Projected fibre distance vs angle of incidence

projected fibre distance vs angle

= -
=300 module 0
© ~ module 1
290 —
L (0
280 d(0) = 299.4 uym d = d(0) - cos(a)
- d(0) = 302.7 pm
270—
260 —
- o = 9.6 deg/ slot
250:_ o = 9.9 deg/ slot
- workshop: 10 deg / slot
240 —
230:|—|||||||||||||||||||||||||||||
-1 0 1 2 3 4
angle/slots
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Spatial resolution for perpendicular incidence

| track residuals for fibre bunch 0____HualPlotBunch0__ track residuals for fibre bunch 1 dualPlotBunch1

@00 — Mean 0.01471 Entries 14335

a r RMS 0.1507 e ank_ Mean -0.004458

oo Underflow 0 | 4300 - RMS 0.0995

c F Overflow 3477 5 - |

3500 = Constant 4172+ 34.6 2 00 - Underflow 56

B Mean  -0.00782:0.00067 | o0l Overflow 39

3000— Sigma 01098+ 0.0006 E Constant 2417 + 26.0

- 1800 Mean  -0.002818+ 0.000784

2500 - 1600— Sigma 0.09015 + 0.00059
2000 1400
15001 1200—
1000 10001
500 800[
o 600

0.4 -0.2 0 0.2 0.4 C
(xduster'xtelescope)}mm 400 —
200(—
fibre bunch 0 has ¢ = 110 pm 005 04 03 02 01 0 01 02 03 04
d ue to h|g her noise |eve| (xcmster-xtelescopeymm

o = 90 um in case of perpendicular
iIncidence

H. Gast, G. Roper, P. von Doetinchem - Hausseminar November 2006




ACC principle & testbeam goals

ACC principle:

, * light emission in scintillator

or PMT  absorption and guiding with wave
- length shifting fibres (WLS)

e coupling to clear fibre (max. 2m)

* detection with photomultimpliers on
each end (PMT)

* important to know: What is the hit
detection efficiency?

Testbeam goals:

* determination of efficiency with
CAMAC ADC and beam telescope
for a single panel and for the slot
region between 2 panels

* determination of efficiency with
oscilloscope (full pulse shape)

* influence of WLS->clear fibre
coupling
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ACC results: Single ACC in centre region

—Ch 26 —Ch 26
® [ = [
8 | pedestals —chosl & .| pedestals —ch 28
E00k subtracted E10°F subtracted
a = Q C
i 2__ with clear
102 10 fibre coupling
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
ADC counts [#] ADC counts [#]
trigger in ODER position trigger in UND position
WLS -> PMT WLS -> clear fibre -> PMT
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Total ADC counts (ped.

corr.): PMT1 + PMT2

=10' Entries: 121773 % -Entries: 7137
£ MOP: 191 £ MOP: 159
10° 10°E
10°¢ 10°:
:
- 0 50 100 150 200 250 30 1 0 50 100 150 200 250 300

total ADC counts [#]
trigger in ODER position
WLS -> PMT

total ADC counts [#]

trigger in UND position
WLS -> clear fibre -> PMT

0 hits out of 121773 missed
coupling lowers signal by roughly 34%
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0 hits out of 71374 missed

Hausseminar November 2006




2 ACCs connected with spigot and groove to analyse slot region

—Ch 24 —Ch 24
i —Ch25| & F —Ch 25
10t ol
@0 E Ch26| @ L Ch 26
s r large area on panel |— s T _
S L ch 2 S10°E finger trigger only ch 28
10°E - J
I 102
10% 5 -
A" . |
10 l I 10
i |\|I I
1= | ‘ 1
=L L AR Jll[llllleILIIH
0 200 400 600 800 1000 1200 0 200 400 800 1000 1200
ADC counts [#] ADC counts [#]

pedestal position overlaps with signal region
-> worse behaviour than expected beforehand
-> more noise
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Cut dependent efficiency and purity (no slot region!)

> g
2 - - 1_
@ B L = B e & & 8 @
5 0.0025 . " C - o
& _ 0.9 n ot
- . -
0.002— 0.8
i . - ¢
0.0015H - o
B 0.6
u ° 0.5
0.001F " .
I . I
B 0.4
0.0005 .
T e missed events/total events 0.38- wrong detected events
_ | | | | | - | (||’10|se e\l/ents)/tclatal evelnts
0 1 2 3 4 5 0 1 2 3 4 5
[cut: ped + factor x Gped] -- factor [cut: ped + factor x Gped] -- factor

definition of a hit based on pedestal fit (+single track):
* signal has to be at least larger than mean of pedestal
e cut variation is done in units of pedestal width
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Total ADC counts (ped. corr.) - both panels

p—
I
Rl
7))
QD
-
prr
o
QD

-
o
w

10°

10

- Entries: 71815
- MOP: 190

pedestal position overlaps
with signal:
 only hits outside of slot
* more missed hits
(depending on cut)
* more noise (90% purity)
* efficiency: ca. 2e-3

0 50 100 150 200 250 300
total ADC counts [#]
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Find slot region between ACCs

—Ch 24 —Ch 24
_ —ch2s | _ —Ch 25
[ ch2e | & T Ch 26
3 r —ch2s | & T —Ch28
s, 3l — Al s — Al
g10°F o =
| _ ' —LL
107 , /
- 10° 7
10 I
i &
: L L 1 1 | 1 1 1 1 | | 1 1 1 | | | 1 1 | 1 1 1 | | 1 1 1 1 | | 1 1 1 | 1 1 1 | | 1 1 | 1 | | | 1 1 1 | 1 | | | 1 1
-160 =150 -140 =130 =120 -110 -100 -129.4-129.2 -129 -128.8-128.6-128.4-128.2 -128

Y Position [mm] Y Position [mm]

Fit to region where all 4 PMTs have a simultaneous signal:
position: -128.7mm
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Beam Profile in ACC position

-y
o
1]

-110

Y Position [mm]

-
]
o
u
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| ||||||||-

-120
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R o el
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160020 30 40 50 60 70 80 90
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H. Gast, G. Roper, P. von Doetinchem - Hausseminar November 2006




ADC counts vs. y-Position (perpendicular to slot)

upper panel in box lower panel in box
E1200- l E1200— l
a B s B
o - u . m r I I _ o - -
31000— ‘ 31{]00— H I I EEEEpE BT EE [ ] 3
o L —10%° = "l u =410
Q - 3 O - ]
(] L ] (] L =" [ .
< goo 1 < goo- . ]
i ] i b | ]
B —] 2 B — 2
600 210" goo- 510
400— i 400— ]
i 10 . 10
200 200 m
- L1 1 L1 1 1 _l ] ..I | I 1
-QBD -150 -140 -130 -120 -110 -100 -QBD -150 -140 -130 -120 -110 -100
Y Position [mm)] Y Position [mm)]

Number of ADC counts clearly defines the
transition between the 2 ACC panels
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Y-position dependent efficiency @ 90% purity

0.0012

-
Q
c
o
S
o
D

0.001

0.0008

0.0006

0.0004

0.0002

-145 -140 -135

Ll | | - | [
-130 -125 -120 -115 -110
Y-Position [mm]

H. Gast, G. Roper, P. von Doetinchem -

clear definition of slot
due to worst efficiency
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Conclusions and outlook

Q)‘o
* first testbeam of PEBS fibre/SiPM prototype QQ/
has been completed smoothly and
successfully
* in current configuration (3 fibres per APD),

6.1 photo electrons per SiPM are reached for
perpendicular incidence

* spatial resolution of 90 um is achieved for
perpendicular incidence

* continue analysis of testbeam data
* include results in PEBS Monte Carlo
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* in single ACC configuration (central incidence): no hits missed (out of 190000)
* influence of coupling is not too large (34%)
* ACC works in connected configuration
'd * slot is well defined, and inefficiency at slot increases
¢ .
\'e * use of full statistics

* determination of photo electron humber and fit with poisson-landau-convolution

* analysis of 1.5TB(!) oscilloscope data
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