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Introduction

= 10° = solar Modulation:  ®=550MV | Eg?ltjorz
Goal: Measure the cosmic-ray positron & positron
' : - 107 &
fraction with a balloon-borne " g — electron
spectrometer. = 10%2% - —— antiproton
P e 10 - — photon
o . > 105 B
Motivation: Indirect search for dark 3 = S
— <0
matter. — 1E 3
< =" ©
5 - 2
. w10 g
Requirements: <
i i)
- Large geometrical acceptance: 1072 ¢ 5
>1000 cm?sr for 20-day campaign 3[4 msnaems
. 6 1 O E_ : Q?::;a?: z;[sci.lr::ns
- Excellent proton suppression of O(10°) & mesotpon
- Good charge separation 10 = E:z:ia:nf‘ffcﬁfgfztz:z
- Payload weight < 2t 107 R
- Power consumption < 1000W 1 10 10°
kinetic Energy [GeV]
e.g. at 40 GeV: 10*GeV'm2sr's” x (20x24x3600)s x 0.25m3sr =
43 e*/GeV

Henning Gast VCI 07 - 22 February 2007




Prospective performance of PEBS detector

acceptance @100GeV
and mission duration
PEBS 2500 cm?Zsr
20 days
AMS02 500 cmasr
1000 days
PAMELA 20 cm?2sr
1000 days

20 days PEBS=
100 days AMS02
7 years PAMELA

lm i
+ﬂ.'l_|:l-
S
—_l —
= .
2
ol =
(&)
(1]
| .
'8
S
= 10
g —o- PEBS, 20 days|
o —¥— HEAT 94/95/00
|| AMSO1
- combined
[ |— Galprop + DM
. |— DM, DarkSUS
---- conv. Galprop
— | m,,= 242 GeV, mn=154l} GeV
tanp= 52,u>0,A =0
DM signal boost factor: 84.6
- | | IIIIII| | IIII| IIIIIII| |
10
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PEBS design overview

Tracker:

Scintillating fibres (d=250
um) with Silicon Photo-
Multiplier (SiPM) readout;

TOF 2 layers
90° crossbred

power: 260W

Magnet: rasnik system

Pair of superconducting TRD modules
2x8 layers

Helmholtz coils, Helium
cryostat,
mean B = 1T, weight:

solar panels

850kg magnet
| | ‘ support structure
Magnet acceptance / = ~ R
] VAN Ay : .~ 9 . D
(width=0.8m, length=0.8m): / [/ N TOF 2 layers
90° crossbred
2 95x8=760mm ECAL
4000 cm“sr / imm Pb, 8x1mm Scintillator 10 superlayers
support tube | 90° crossbred

Positron acceptance
Radiator

(tracker+ECAL; width=0.76m, \ ljﬁ
length=1m): 2500 cm®sr
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PEBS design overview

f
Electromagnetic calorimeter:
80 x ( TImm Pb + 8x1 mm?
scintillating fibre + SIPM ) =
14.3 X0, weight: 550kg

Transition Radiation
o Llavers - Detector (TRD):

2 x 8 x ( 2cm fleece

radiator + 6mm straw

tube Xe/CO, 80:20 )

rasnik system

TRD modules
2x8 layers

o solar panels
=
[
magnet
support structure
Time-of-Flight - / , <,
. £ = | Py
system (TOF): 7/l —/— - SSS 3 i
: oY TOF 2 layers
90° crossbred
95x8=760mm ECAL

2x2x5mm? /
scintillator, SIPM ... / support tube |

imm Pb, 8xImm Scintillator

10 superlayers
90° crossbred

Radiator

readout; trigger

A
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Balloons

. Pegaso~E altitude 02707 10:14  (double cick to enlarge)
i S B TR Rl o g LT

V‘Wmmmww\ﬂfwww T % 3

s Svalbard R,

)
p20 20 L%

altitude profile

o Pt

High-altitude (~40km), long-duration (H~2O days) balloon fligh‘t from Svalbard balloonport (ASI)
Interesting alternative to space, allows recalibration of experiment as well as multiple journeys
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PEBS detector components

Full Geant4
detector simulation
available

magnet
cryostat

ﬁ TOF 2 layers
90° crossbred
- 90° crossbred

rasnik system

// = // TRD modules
7 v 28 layers
3 // solar panels
S 235 ]
T 7/Ba

.\ |2.62m

support structure
—
{ >,
i <

£ 4 e
TOF 2 layers
/ 95x8760mm ECAL 90° crossbred
/ mm Pb, 8ximm Scintillator 10 superlayers
Crates / SUPPOrTIWe 90" crossbred | en g-t h .
Radiator -

\

N 523 —» ¥ 323m
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Magnet design

Rectangular area

for detectors with
axis perpendicular
to the magnetic field

Service Turret

Coil Support

Superconducting Coils

‘Helium Vapour Cooled Shield

Helium Vesset
Vacuum Vessel

Cold Mass Supports

Concept Cryostat View for Vapour Cooled Shield and Coil Design 5.

Helmholtz coils Magnet design by Scientific Magnetics for
inside here . . (s
superconducting pair of Helmholtz coils in He cryostat,

LS?]MT‘X r;‘ai”it (1998) flownon 1 oan field 1 Tesla, opening 80x80x80 cm®,
Igh-altitude palloon weight: 850kg
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Tracker layout

0.80 m

e e e . . W A

-----------------------------------------------------------

tracker superlayer

2x4x128 fibres
CF skin + Rohacell foam [

4 superlayers of 2 layers of double-layered
modules of scintillating fibres, d=250 um
stack of fibres accumulates light on SiPM

readout of SiPMs by dedicated VA chip track|er module
-| ANAY
| 1:
|
:
! 3y
_| [ ‘

material budget: 12% X0 (6% XO tracker + 6% X0 TRD) - o
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Tracker readout scheme

7
o 1.
A
. -

T — —31 ‘ v',
(s sansnnd i / A

light collection in scintillatingSss
fibre in Geant4 simulation

— e S e

L A s M N o

et bt

fibre module front
view, with SiPM
arrays on 16x1 silicon photomultiplier, strip width 380 ym ~ #*1 readout scheme

alternating sides need 32x1, 250um strip width (CO_'“m”'W'Se) with
weighted cluster mean

better spatial resolution
than pitchA12 ,
depending on p.e. yield

>
X

00000000 000D0000000000A00000D0D 00000000000000000000000000000000

total power consumption (~50000 channels) of tracker: 260 W
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PEBS fibre tracker testbeam setup

H"&j

Y beam telescope: C
scintillating

vl 4 CMS Si stri
— S P~ fibre bunch _
=
trigger y | + SiPMs trlgg(?r
scintillators || ~20um resolution PMT scintillators
N ( !f/ 5 ‘- ,/j * \%
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PEBS testbeam MC

2 fibre bunches: 3 fibres each

3x10 square to SIPM in
fibres, d=300 um  copper block
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SiPM: example of a MIP spectrum

Yy Em— e
£ oo dark spectrum: s
S o beam telescope hit = SIPMtype 0606EXP

.......... with reflective foil on one side

away from fibre

200

250

excess noise:
fibre area =
0.27 x SiPM area

1 mm

. . B | T R T T T T TRy N

350 400

ADC channels

for details see poster by Gregorio Roper

Henning Gast
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Photonique
SSPM 0606 EXP
S/N=20,
eff(0.5pe)=96%
SSPM 050701GR
S/N=100,
eff(0.5pe)=91%




Fibre coordinates in beam telescope

Beam telescope coordinates corresponding to fibre hits
copper f
E 127 — g o Halo
"5., ) | . i g_ il % Counter
— - . Module1 - g
- _ - Cut: 2 photo electrons. g
128 [— j
B Teser scintiators
129 [ —
130 —
“A31—-
_1 32 | | | | | | | | | | | | | | | | | | | | | | |

x/fmm




Spatial resolution vs angle of incidence

-------- m--------  testbeam data (2-3 photo electrons for perpendicular incidence) 3.0
: £
140 e ................................ 2500

— e L 2.1 photo electrons for perpendicular incidence 700
: 600

c./lum

-------- a-------- 5.8 photo electrons for perpendicular incidence z::
— L idsessssssssssssasssss i ssesa st ianaatitiaatantiaanan it nnnnnts 300
120— ... LR RE R 10.5 photo electrons for perpendicular incidence 200

— T 100

— 20 photn electrons for perpendit:ular incidence . : .

100 — - E— S— S —— S— A _— distribution of incident

L angle projected to
- =" bending-plane for PEBS

[%n, T S \ detector

) b . . - - - . B N a H
80 P e e e RV g o g m T o RPN
Rt T 247 H : ettt warm® H H et H
P Pl P - e mmE : : . : :
A, v - et R : : -t : :

p.e. yield of testbeam
..... | | | | | fibre stack with
50 L s ................................ ..... ; , ....... ............ I ‘_,---‘-““'r reﬂectlve f0||
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Tracker performance:. Momentum resolution

Muon momentum resolution from G4 simulation v, _\/ 2 2
. —=Va +(b-p)
using testbeam parameters, d = 250um, B=1T p
p.e. efficiency = 1 x p.e. efficiency = 1.5 x p.e. efficiency = 2 x
testbeam efficiency testbeam efficiency testbeam efficiency
257 2025 9_2.25
T a=2% a=2% T
i | - a=2%
02~ b =0.19%/GeV 02~ b =0.14%/GeV 02

- b =0.12%/GeV

0.15 0.15r 0.15~

0.1 0.1 0.1

0.05

0.05 0.05

'HII‘IIII'IIII'IIII|III\|IHI|HI\‘\IH‘H\I‘HI\

T\II|HII|\III‘III\|II\I‘I\I\|H\I|HII‘\II\‘IIH
10 20 30 40 50 60 70 80 90 100 1020 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
(PIQ),, (GeV)

(p/Q),_ (GeV) (p/Q), _ (GeV)

TIH‘II\I‘IIII‘\\II‘I\II'I\I\'I\H|IIH|\II\‘\III
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ECAL layout

3x3mm? SiPM

8 superlayers of ten layers of J —
lead-scintillating fibre sandwich, A
with alternating orientation Schlafor ]
o e . Gl e
fibre: 1mm height, 8mm width, <o MM amay: | o )
read out by SiPMs 8100 pixel l\\ S""E'E‘“' ! L
14.3 X0 in total, ECAL weight: \\ g e
550 kg . Stitilator 7 ‘

light guide — ’

3x3mm

Henning Gast
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ECAL shower

‘max
e L
18000 +
i |
14000 7 I
i /50 GeV e+?
12000 “‘ AR .
L ‘ h. *“ Oy
B ‘. A .‘
10000~ ‘] /' 38 GeV e+ \
I . J L
8000 “1“ Pl (S aN }
L L N
I {7 A 26 Gev "‘}
6000 ‘]"' N, AN
B 4 d .\.
i f BEG] S :
4000
2000 ;
- FO GeV protons )
..'--; ||||||||||||||||||||||
0 2 4 6 8 10 12 14
dE bt .
L gL tex/X,
dt I'lx+1)

longitudinal shower profiles
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ECAL proton rejection and energy resolution

Simulated 40000 positrons and 1700000 protons

0.3

0.05

5000 |—70.2

2%00_ :1 3, wo-37
“3 - — B 0. 9‘” © i * shower fit
':,",' - +++ ! . 0.25} _
207]00_—* Fﬂ mﬁ“*#ﬂﬂm# ++ +++ | _;0 8‘1‘ ] sum amplitude
1 - ++M+++H+++++++++++ M Y + J0.7 D_i
15000, H# Pf HHﬁn.r‘s _
% _ e _20.5 o.15j EE \]%@23%
10000 0.4 o
| —;
=

iz
)
;

i

: I I ~ I I l _:0'1 _| T T N N U N N NSO N | AN ER O A

o o e - " wm e @ w0

0 10 20 30 40 50 60 70 80 90 0 ~ E/GeV
p/ GeV ECAL energy resolution
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Intrinsic limits on rejection

ECAL amplitudes, non-bending plane

Event 153: primary: proton, p/Q=97.9881 GeV - reconstructed: 72.7462 GeV

bending plane

800
N

200—

-200—

-400— ' N

-600_I|IIII|IIII|IIII|IIII|III.I.lII;.Ii-I-II“I“,I“III",I.I|I

E E
-E- L
= |
-440_— 70
-460— en

: IIIIII |correc e shower in joliere tube En'ries BBD

[ Ll | e Mean 9.502
.480— Eboj RMS 3.101
-500 i

- 20000
-520_—

i 5000
-540_—

. 0000
-560—

i L ' 5000
'580—|-| 11| | L1 | L1l | L 11| | LIl | L1 | L1 | | B

-400 -300 -200 -100 0 100 200 300
) G_IJ_.‘.II\‘\\Ill\lll\\‘\l\‘llll\\
0o 2 4 6 8 10 12 14

example event:

t

p = p m°Xin very first ECAL layers,

-400 -300 -200 -100 0 100 200 300 400
x/mm

m® & yy - e.m. shower

momentum reconstruction off by 1.30

intrinsic resolution limited by high-energy ° production in front of or in first layers of ECAL
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TRD design

TRD superlayer in G4 simulation

Tasks: proton suppression and
tracking in non-bending plane

single TRD module

for details see poster by Thomas Kirn

2 x 8 layers of fleece radiator,

TR x-ray photons absorbed by Xe/CO2
mixture (80:20), in 6mm straw tubes
with 30 um tungsten wire

Design equivalent to AMS02 space
experiment

-.Ki

AMSO02 TRD octagon integrated at
RWTH Aachen workshop
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10

10

TRD performance: positron/proton separation

Analysis of TRD prototype testbeam data

TRD 20-layer
prototype
testbeam data

p’ Data
p MC

electrons

O ¢ Data
e MC

protons

Henning Gast

20

30
El;uhc in keV

Proton Rejection Factor

Proton/Positron Flux Ratio

10*

10°

10°

10

proton rejection ~1000

—r— 70% e-Efficiency
—r— 80% e-Efficiency

f T T T f —»— 90% e-Efficiency
Y oY Y ¥ ' '
= ¥ \ 4
- Y Y
Y oy, . M v Y
- Y v v Y
= . . v v
- proton rejection for Y v
_positron measurement
= from first 16 layers
— I5‘0I — ‘1(‘)0‘ — I1%0I ‘2(‘)0‘ — I2%0I
Egeam | GEV
10°

10*

10°

10?

-

o
-

-

-combined TRD+ECAL rejection of 10°

- ~1% proton contamination

10 107
kinetic Energy [GeV]
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Conclusion

Design study to build a balloon-borne spectrometer to measure
the cosmic-ray positron fraction, in the context of indirect search
for dark matter

Scintillating fibres with SiPM readout as key components, proof
of principle established in testbeam at CERN in October 2006

Proton rejection of O(1,000,000) can be achieved with ECAL
and TRD

Design study with large acceptance to increase existing data by
two orders of magnitude

Expected amount of data from running experiments can be
exceeded by an order of magnitude
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Background contributions

40 km altitude: 3.7 g/cm?remaining atmosphere

2, ol
: primary pOS|tr0nS @ = total &*, PEBS, 20 days
B w 10° 3 prim. &* altitude, PEBS, 20 days
| _I = Z 7 f_ sec. e’ altitude, PEBS, 20 days
10 % | wrong p*, PEBS, 20 days
10 = atmospheric positrons 10°E = wrong &, PEBS, 20 days
E - 105 il_l—l_:i
i misidentified protons 10°s =|=|
1= a .
| [—— towic, PEBS, 20 days : iructed £
10-1 = | ——— pnm. e altitude, PEBS, 20 days misreconsiructe 1 L Lol ol [
E sec. e’ altitude, PEBS, 20 days e|eCtr0nS 107 1 10 Eneragz[GeV]
: ——— wrong p*, PEBS, 20 days
- wrong e, PEBS, 20 days contributions in absolute
10:|2{i_1 [ |WI|‘|I [T R ||:I|0 L II1|{|]2 numberS for 20'day ﬂ|ght
Energy [GeV] for efficiency = 50%

composition of positron component according to
PLANETOCOSMICS simulation of atmospheric background

and contributions from p/e- misidentification
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Tracker performance: Angular resolution

angular resolution median values from angular resolution projections
5 0.02 < 0.02
& I £
'ﬂn.ma:— “’n.ma:—
0.016— n.ms:— . .
- L median of angular resolution
0.014/ 0014l
0.012] o012~ A0 = 1 mrad at higher energies
001 u"":_ bending plane (fibres): 0.2 mrad
nuuai 0.00s NON-bending plane (TRD): 1 mrad
0.006 ¢ n.nnsi—
0.0045 0.004 :i
3 :.".
0.002f 0.002{— s,
ot SN P o P i b
D--'- D_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
pMGJGeV pm!GeV
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ECAL performance

. x10
w — %

300 5

- ECAL energy
250—
matchrng

200

150

100

O 304030807 )
reconstructed momentum pIGeV

o 1 o 90¢
E ool g angle between reconstructed

08 track and shower

0.7 positrons

0.6 S i

_positrons protons
ratio of --E_CAL energy
- within one Moliere radius
01—
" 4020 30" a0 so 60 70 80 90 100 "M 20 30 40 5 6 70 8 9 100

p/GeV p/GeV




Example event

Event Display
Eile VWiew ||
@« ~P Hellldm 44.5 GeV positron in event display
Event 8: primary: e+, p/Q=44.5239 GeV - reconstructed: 45.7632 GeV ‘ ECAL amplitudes, non-bending plane
bending plane non-bending plane
E ~
f€ |
N
E-GO— Eﬂo_ -440__
N N i
. . 460 —i60
200— 200— r
B B -480__ 50
L ) L -500__ —a0
0 0 i
N — -520_— —30
B B - -540__
-200— -200— i =
i i -560 10
-400_ = -400_ '580:|—|||||||\|||||||||||||||||||||||||||||||| o
B ) ] B -400 -300 -200 -100 O 100 200 300 400
l NP - y/mm
- T e -
-600—r||||||||||||||||||||.r|l.f"|!l*'Tl||.||-||||||||||| 600l NG 1] T i b by b
-400 -300 -200 100 0O 100 200 300 400 -400 MD -100 0 100 200 300 400
x/mm y/mm
A
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Intrinsic limits on rejection (2™ example)

Event 254: primary: proton, p/Q=35.4134 GeV - reconstructed: 19.4991 GeV

bending plane

Event 254: primary: proton, pfQ=35.4134 GeV - reconstructed: 19.4991 GeV

ECAL amplitudes, bending plane

e F 800
E [
E ‘9440:— !70{1
____00 B -460 :— | corrected ECAL longitudinal shower contained in Moliere tube i
N - r Entries 489
i -a80f %‘ﬁoo;— ==
B -500— 70002—
2005 -520?— soooi—
i _540; 50002—
i -560; e 40002—
0 5805t L c v ie e 1., 3000F
L -400 -300 -200 -100 E
20001
: 10002—
-200— e B 6 R T R —
i t
[ example event:
-400— p »p 7° X before last tracker layer
I ;ii :i._ generated: p _ =35.4 GeV
- |:| IEl:-.. - 0 .
-600_|||'|'|-|H'|'-|||||||||||||||||||||||||||||||||| " momentum: 18.9 GeV - Yy > e.m. shower

-400 -300 -200 -100 0 100 200 300 400

x/mm

reconstructed: p__ =19.5 GeV

intrinsic resolution limited by high-energy ° production in front of or in first layers of ECAL

Henning Gast

VCI 07 - 22 February 2007




TRD performance: boron / carbon

compilation of B/C TRD track median amplitude
measurements and GALPROP 0.08
prediction -
nny— 11B
YT LIS :
Modulated & = 450MV| _ -
4 o Chapell,Webber 1981 |2[=
o 0. : P Trrret LI I I IIII||| - Dwyer1978 :
— N Maehl et al. 1977 5
[ A HEAO-3 Z
E 0.35 - I [ H 1 Voyager -
N o ACE
0.3 n Ulysses C
- 3
0.25 -
5 2
0.2 -
: (S
0.15[ - -
B JI JPUNY : W) IR g 1 o
- 0 20 40 60 80 100 120
o boron/carbon separation amplleV
0.05 [+~ = at 5 GeV/n in Geant4
0: | 1 IIIIII| | 1 IIIIII| 1 | IIIIII| 1 | IIIIIII | : SimUIation
102 10 1 10 10° needs to be studied in
Kinetic Energy [GeV/nucleon] more detail
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TRD performance: antiproton/electron separation

tiproton Fraction [p/p”]

Analysis of TRD
prototype testbeam
data
S 10°¢ —¥- 70% e-Efficiency
E E —¥— 80% e-Efficiency
g : —¥— 90% e-Efficiency
g | jection f
E 1032_ electron rejection for
s antiproton measurement
,§ i
w MR v
v
125 Y v : YY v vy v
- Y Y v oy Y oy v
- VY v
101
: | | | | | | | | | | | | | | | | | | | | | | | | |

50 100 150 200 250
E | GeV

Beam

Henning Gast

10° =
- [—— PEBS, 20 days
— | —— Galprop + DM %
| —— DM, DarkSUSY }
.......... conv. Galprop
10% —
= IMAX
= Caprice 98
[ Caprice 94
' BESS 95/97
B BESS 02
- Heat
10-5 e w— O Wy
- 112 eV, m = 1540 GeV
tanp= 52, ey A=0
DM signal boost factor 3. 9 | |
-1 2
10 ! 10 1é]me rgy [GeV]
o 10°E
© =
o _
% L
=]
":- 10
S =
o —
2 B
g 10° =
o —
E —
5 L
9 - ECAL +TRD
& 1wcTOF+TRD C
i L1l | Ll |
10" 1 10 2
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