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Introduction

104 = solar Modulation: @ =550 MV o pro.ton
Goal: Measure the cosmic-ray positron - heh_g(m
fraction with a balloon-borne 10°E L posItron
electron
SpeCtrometer. 102 .. _— antiproton
— photon

Motivation: Indirect search for dark
matter.

v)

| T« [
‘ lm”'”l bll Hlll I 1T

Requirements:

- Large geometrical acceptance:
>1000 cm?sr for 20-day campaign

- Excellent proton suppression of O(10°) 107

- Good charge separation

Flux [GeV Tm2ssr '1]
)

galdef 500180/600180 (

B L e
- Payload weight < 2t 1072 = ik
- Power consumption < 1000W 104 oot et
) - O l BEssozlantiprlotonsl L
107 5
1 10 10
kinetic Energy [GeV]
e.g. at 40 GeV: 10*GeV'm2sr's™ x (100x24x3600)s x 0.4 m2sr =
344 e*/GeV
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Prospective performance of PEBS detector

# PEBS, 100 days statistics
HEAT 94/95/00
AMSO01
B combined HEAT+AMS
Galprop + DM
— DM, DarkSUSY
------- conv. Galprop

acceptance @100GeV
and mission duration
PEBS 4000 cmasr
100 days
AMS02 800 cmasr
1000 days
PAMELA 20 cm?sr
1000 days

e
et +e
|

|

Positron Fraction
—
=

PEBS schedule

2010 20 days
2011 40 days
2012 40 days

100 days PEBS=
1.4 years AMS02 B m, ,=260GeV, m =1520GeV
55 years PAMELA tanf=40, 10, A =0, m =91GoV

DM signal boost factor: 86.0

10.2 | IIIIII| ] | L1 1 II| ] | IIIIII|2 ]
1 10 10
Energy [GeV]
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PEBS design overview

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

Time-of-Flight
system (TOF):
2X2XxX5mm
scintillator, SiPM
A readout; trigger
system!

2.2 m

Solar panels:

power for

subdetectors, Magnet:

communications, Pair of superconducting

data handling Helmholtz coils, Helium

~600 W cryostat, |
mean B = 0.8T, weight: 850kg




PEBS design overview

Transition Radiation
Detector (TRD):
2 x 8 x (2cm fleece

radiator + 6mm straw

tube Xe/CO, 80:20 )

Electromagnetic calorimeter:
70 x (0.5mm W + 6x0.5 mm?
scintillating fibre + SIPM ) =

10 X0, weight: 600kg

Positron
acceptance:
4000 cm?sr

2.2 m



Balloons
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"1 altitude profile

High-altitude (~4H(3km), long-duration (~20 days) balloon flights from Svalbard balloonport (ASI)
Interesting alternative to space, allows recalibration of experiment as well as multiple journeys

Henning Gast ICRC 2007 - July 2007




Tracker modules

tracker module
front view

. reflective coating

8 superlayers of 25 double-layered
modules of scintillating fibres, d=250 um,
stack of fibres accumulates light on SiPM
readout of SiPMs by dedicated VA chip

1,120mm

R. Battiston,
Perugia

material budget: 12% X0 — -
( 6% XO tracker + 6% X0 TRD) 32x1 silicon photomultiplier
250um strip width, 100 pixels/SiPM
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PEBS fibre tracker testbeam setup

S TR
g /

J‘;'. ; H | |
/' _AMS02 [ B ook

cooling pipe

2 fibre bunches:
3x10 square fibres,
d=300 ym

3 fibres each to
SiPM in copper

2\ \ N 2 , block
=..\I.'-—. i 2 ' ; i

= ‘] beam telescope:
? | 4 CMS Si strip
£ 8

¥ modules
trigger 3 ~20um resolution | SIPMs — trigger
scintillators ¥ H + PMT scintillators

| NNZR Daioas N
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fibre bunch
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SiPM: example of a MIP spectrum

.......... excess noise;

---------- SiPM type 0606EXP fibre area =

entries

1 mm

with reflective foil on one side| 0.27 x SiPM area

Photonique

SSPM 0606 EXP

S/N=20,

eff(0.5pe)=96%

SSPM 050701GR
... | AR . S/N=100,

150 200 250 300 350 400 eff(0.5pe)=91%

ADC channels

Testbeam results — PEBS MC simulation -~ muon momentum
resolution: a=2.3%, b=0.194%/GeV ?’”# Z+(b pY
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ECAL proton rejection and energy resolution

£25000 Simulated 40,000 positrons and
E L 1,000,000 protons
Ezmmu:—
15000 f_ T E1C6A/L energy resolution
mounf— — . dominated by leakage
B | : effect
5000 — ;
R L S N S R S R S R 'glu;G';
p/Ge

proton rejection ~5000 at high energies
(electron efficiency ~65%)

6 :
3x3mm? SiP)/
e

- |

Scintillafor
Stintillater g\
Stintillator E
SiPM array: ﬁ "
. ¢ ) Scimillat . =
81 OO plXGlS SFnFIlar O —J
s

S

70 x ( 0.5mm W + 6x0.5 mm? scintillating fibre + SiPM ) = 10 X



TRD design

2 x 8 layers of fleece radiator,
TR x-ray photons absorbed by Xe/CO2
mixture (80:20), in 6mm straw tubes
el \ith 30 ym tungsten wire

Design equivalent to AMS02 space
experiment

TRD superlayer in G4 simulation

Tasks: proton suppression and
tracking in non-bending plane

i = - e o 10/2£

AMSO02 TRD octagon integrated at
RWTH Aachen workshop

single TRD module
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10

10

TRD performance: positron/proton separation

Analysis of TRD prototype testbeam data

A p'Data O e Data

— p'MC — e MC E
prOtonS
electrons

TRD 20-layer
- prototype
1 testbeam data

20 30
El;uhc in keV

Proton Rejection Factor

10*

10°

10°

10

Proton/Positron Flux Ratio

proton rejection ~1000

Henning Gast

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

f T T T f —»— 90% e-Efficiency
- ¥ Y
- Y v
: Y v 4 Y A 4 v Y
L v vov o Y
— . . v
- proton rejection for v .
- positron measurement
~ from first 16 layers
- I5‘0I — ‘1(‘)0‘ | I1%0I ‘2(‘)0‘ — I2%0I
EBeam”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

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

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

e Study of physics program
ongoing (antiprotons, B/C, ...)

0.02

m{x:] = g4 GaV

DM signal boost factor: 27.1+/- 5.0

-----

= = m o GALPROP bhg.+ DarkSusy Signal
B Experdmental Data

#  PEBS 100 days, 4000 cro’ar

u_ﬂ-‘ 1 1 IIIIII|

1 1 1 111 II| 1 1 1 11 III| 1
0.2 1 2 345 10 20 30 100 200
E [GeV]
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Background contributions

40 km altitude: 3.7 g/cm?remaining atmosphere

)
10 = : L | =10°E
- primary pOS|tr0nS o F total e*, PEBS, 20 days
B E 103 = prim. & altitude, PEBS, 20 days
i - — - * altitude, PEBS, 20 days
- 10? E_ BEC, B i X s !
= wrong p*, PEBS, 20 days
10 atmospheric positrons ok T vong e PEBS, 20 e
- - 105 il_lrzi
B misidentified protons 10°c =|=I
1= i '
4 total &', PEBS, 20 days misreconstructed 3
10 = prim. & altitude, PEBS, 20 days 1L Co il Ll [T
= - electrons 10° 1 10 107
- sec. &' altitude, PEBS, 20 days Energy [GeV]
| wrong p*, PEBS, 20 days . ] ]
; wrong &, PEBS, 20 days contributions in absolute
2L [ |WI|| TR IEEEEE Lol numbel’S fOI’ 20'day ﬂlght
10 -1 2 . o
10 1 10 10 for efficiency = 50%
o . Energy {GEV]
composition of positron component according 1o

PLANETOCOSMICS simulation of atmospheric background
and contributions from p/e- misidentification
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ECAL proton rejection and energy resolution

I |
10 20 30 40 50 60 T0 80 a0

Simulated 40,000 positrons and 1,000,000 protons
EZSOUD: 0.25 -
e F u I EGAL energy resolution
E h.;_-}“ 4 ~10%
15000 [— dominated by leakage
] 021" effect
10000 [— : L i -
snonz— ; + H 0.15- { n}
ol v v 1 1y I I R R S R B r

_ proton rejection ~4000 at high energies i ﬁ{ H wh %ﬁ}
(electron efficiency ~65%) 0.1 H 5 % WH 1} } L
i | iﬁwﬂ#%ﬁ&f ;
% 0sE- * i # % # %
07E- *+++#+‘|* ++ + + i
= 4 ++ LA +4+ it b Wb |
0sf- ¢t #e W 4 st i | 0.05
¥ kL B
u4E—+ I
Et i
0.35— 0III|III|III|III|I|I|I
" 0 20 40 60 80 100
D-;E. | | | | P | | | | EIGEV




PEBS detector components

Full Geant4
detector simulation
available

magnet
cryostat

2166

ﬁ TOF 2 layers
90° crossbred
- 90° crossbred

rasnik system

%
= 7 TRD modules
2x8 layers

solar panels

| — magnet

support structure
—
{ >,
i <

)i / >
TOF 2 layers
95x8760mm ECAL 90° crossbred
) mm Pb, 8ximm Scintillator 10 superlayers
Crates / Support fube 90° crossbred .

Radiator

-y 3.23m
2.40 m if \/
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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 superconducting pair of Helmholtz coils in He cryostat,

ISOMAX magnet (1998) fownon ~ mean field 1 Tesla, opening 80x80x80 cm”,
high-altitude balloon weight: 850kg
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Tracker layout

tracker superlayer

— 2x5x128 fibres

) “

==

8 superlayers of double-layered modules
of scintillating fibres, d=250 um

stack of fibores accumulates light on SiPM
readout of SiPMs by dedicated VA chip

ZZZZZ

1
R
l

IS 11 ot +
........................................................................ ! i f i i
it i
.................. | i i it
{ RHL 18 S b
[ g e i 11 i
. il it i fi

| i i i

™
10urm
I

R. Battiston,
Perugia

ﬂﬂﬂﬂﬂ

32x1 silicon photomultiplier
250um strip width, 100 pixels/SiPM

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

light collection in scintillating®ss a ¥R s S /
fibre in Geant4 simulation = *‘ TITTITT (R A

— e S e

o

WL

fibre module front

view, with SiPM g
arrays on - 16x1 silicon photomultiplier, strip width 380 ym 41 readout scheme
alternating sides need 32x1, 250um strip width (column-wise) with

weighted cluster mean
better spatial resolution
than pitch/~N12,

depending on p.e. yield

00000000 000D0000000000A00000D0D 00000000000000000000000000000000

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

2 fibre bunches: 3 fibres each

3x10 square to SiPM in
fiores, d=300 um  copper block
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Fibre coordinates in beam telescope

Beam telescope coordinates corresponding to fibre hits I s
Entri *
e — . . — . Mear
E 27— | Mear L
> - R o . ¥ g ok
— o _ : . Module 1 PP : RM S'. 3 Z  holding § Hal
| _ ' Cut: 2 photo electrons. = - | 'RMS - ik RE: Counter
128 — 75— 7
129 — '_"fl: g rigger % Trigger
o sc-il;lti‘cljlz tors g scintillators
130 [— 5
31— -
_132 | | ] | ] ] ] ] | | ] ] ] | ] ] ] | | ] ] ] | ] ] ] | | ] . ]
20 30 40 50 60 70
x/mm
Testbeam results - PEBS MC simulation — muon momentum ﬂ:\/a2+<b,p>2

resolution: a=2%, b=0.19%/GeV
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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::

f— e e e ey 300
120— ... LARREEEEE 10.5 photo electrons for perpendicular incidence 200

™ 100

[ 5 10 15 20 25

— 20 photo electrons for perpendicular incidence
o

"“ distribution of incident
100 — ................................ ................................ ........ “ ............. ....... ‘ "‘ ....... ................................ angle projected to
| | | | - T .-+ bending-plane for PEBS

.—~. detector
"'i:;h ;-””“..--" "-___.”-E \

: : - ; : : - :
80 i gt e PP R cppeemb b o NN g BT T S

T : : RWTTIE : amm : : u'&, H

oMk, - T et : : L LA :

,  %a - i R : : : - : :

p.e. yield of testbeam
- RA “ fibre stack with

S .. T reflective foil
50 e ................................ .......... ..‘-- ......... -.-_“__.“--.--‘ .............................
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Tracker performance: Momentum resolution

Muon momentum resolution from G4 simulation

o
using testbeam parameters, d = 250um, B=1T ?pz\/der(b'P)z
p.e. efficiency = 1 x p.e. efficiency = 1.5 x p.e. efficiency = 2 x
testbeam efficiency testbeam efficiency testbeam efficiency
92'25, 5!2'25_ 1_-._2.257
T a=2% a=2% .
. b=0.19%/GeV | b=0.14%/GeV a=co

T 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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Tracker performance: Angular resolution

angu|ar resolution median values from angular resolution projections
5 0.02 < 0.02
£ T S I
“o.018— “o.018-
0.016 0.016 . :
g - median of angular resolution
0.014/ 0014l
- - A6 =1 mrad at higher energies
0.012— 0.012-
B [ bending plane (fibres): 0.2 mrad
0.0 001 hon-bending plane (TRD): 1 mrad
0.0085- e 0.008
0.006 n.nnsi—
0.004 ) 0.004 :i
: .
0.002f 0.002{— s,
e A P 8P
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
pmc!Gev pm.-'GeV
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ECAL shower

E
18000
: =
14000 7 I
- 150 GeV e+
12000:— “‘ AR .
: ‘ _h. *'1 A
10000~ “ / 38 GeV e+ .“‘
i ¥y ]
8000 “i‘ Pl (S aN }
r X q
- i‘fl A 26 GeV ey N
6000 !!"i I AN
- 4 / N
I !“‘ R \ |
4000— i B
2000 i S
. 50 GeV protons
..'--;i" L1 | 11 1 | L1 1 | 11 1 | L1 | L1 1
% 2 4 6 8 10 12 14
t
xX+1
d& b et t=X/X,

_:E —_—
dt °I'(x+1)
longitudinal shower profiles

Henning Gast
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ECAL layout

8 superlayers of ten layers of
lead-scintillating fibre sandwich,
with alternating orientation
1mm lead

fibre: 1mm height, 8mm width,
read out by SiPMs

14.3 X0 in total, ECAL weight:
550 kg

Henning Gast

3x3 rﬁm array: /
8100 pixel

>
v

/
|
|
\

light quide

3x3mm

ICRC 2007 - July 2007

AN

3x3mm? SiPM

N

Scintillator
Pb
Scintillator

Pb

Scintillator J’
Pb
Scintillator

o
i

Scintillator
Pb
Scintillator

Scintillator
Pb
Scintillator

super layer

N




ECAL performance

x10°
300/

- ECAL energy ECAL shower maximum

200

150

100

90 100
p/GeV

ratio

~angle between reconstructed
track and shower

positrons
protons

_ protons

_:--'.f_f__&ti_b | of ECAL e 'n_.'er"gy
- within one Moliere radius
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Example event

Event Display
Eile View . . .
@« b Heol[ole W b 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

ECAL amplitudes, non-bending plane
Event 153: primary: proton, p/Q=97.9881 GeV - reconstructed: 72.7462 GeV
E F
bending plane E T
N -
-440_— 70
800 K
N -460— .
L : IIIIII |c rected ECAL | hower d in Moliere tube — o~
— _480i ;%0— Mean 9.502
200_ : L RMS 3.101
~ -500:_ 20000:—
0 - -520_—
i ’ i 5000/
: 540
i . 0000
-200 560/
- i G ' 5000]-
L '580—|_IIII|IIII|IIII|IIII|IIII|IIII|IIII|I B
400 . _ -400 -300 -200 100 O 100 200 300 .
B ) G_IJ_.‘.II\‘\\Ill\lll\\‘\l\‘llll\\
I R exampie event. L
I ' et s p > p m®Xin very first ECAL layers,
~600 b b b b b |-|-'|"|“f"fl|l|"=r| || momentum reconstruction Off by 1 30’

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

m° & yy - e.m. shower

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

goo|-
R

200—

-200—

-400—

-600_||I.III:IIWIII.I.|.IIII|IIII|IIII|IIII|IIII|IIII|I

-400 -300 -200 100 O

100 200 300 400
x/mm

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

ECAL amplitudes, bending plane

E - 800
£ C
°F 700
-460 — | corrected ECAL longitudinal shower contained in Moliere tube cal ngiSnmwarShspsinueriinta
F Entries 489
- &S Mean  7.423
—F ° :_ RMS 3.078
500 7000
520~ 6000—
-540— 5000 ;—
560 ° 4000
580t eEH G e, 3000
-400 -300 -200 -100 =
2000
1000 i
= ', L I I I
00 2 4 6 10 13 7l
t

example event:
p =p m° X before last tracker layer
generated: pgen=35.4 GeV

m’momentum: 18.9 GeV = yy - e.m. shower

reconstructed: p__ =19.5 GeV

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

Henning Gast
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TRD performance: boron / carbon

compilation of B/C
measurements and GALPROP

TRD track median amplitude

it 0.08
prediction F
n n7__ 11B
Modulated & = 450MV | _ -
o Chapell,Webber 1981 |2[=
o 0-4: T T T 1111 T T T 1111 1 T . Dwyer1978 -
— N Maehl et al. 1977 5
— s HEAO-3 -
E 0-35 - ] Tt Voyager -
i o ACE 41—
0.3 n Ulysses C
- 3
0.25[ -
- )
0.2 F
0.15[ - -
N JI T & Fom | o
- 0 20 40 60 80 100 120
o : boron/carbon separation amplkeV
0.05F" - at 5 GeV/n in Geant4
- . simulation
0_2 Lol 1 Ll Lol Lol L] needs tO be StUdied in
10 10 1 10 10° more detail

Kinetic Energy [GeV/nucleon]
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TRD performance: antiproton/electron separation

- 10°c
: s — | —— PEBS, 20 days
Analysis of TRD € — | —— Galprop + DM %
prototype testbeam g | —— DM, DarkSUSY |, %
data = conv. Galprop
8 10% —
o F IMAX
'% — Caprice 98
. [ Caprice 94
L BESS 95/97
§ 10* g —¥— 70% e-Efficiency ] T ﬁgzs 02
E E —¥- 80% e-Efficiency 10 e
s | —¥- 90% e-Efficiency " g 52 1o, l“%eev
."3 . . DM signal boost factor 39
0 3 eleCtron reJeCtIOn for l Ll l l l [ | | L1 1 | | | | | | Ll I| |
o 10°F . 10" 1 10 1£2
% - antlproton measurement nergy [GeV]
£ - o 10° £
(&) ® =
L v o -
w Y v oy X L
125 Y vy ; YY v vy v i 10% =
- YY v vy c =
Y Y vy v, v v 8 =
: T :
g UE
: —
10 = —
: | | | | | | | | | | | | | | | | | | | | | | | | | E 102 :—TOF+TRD ECAL +TRD
50 100 150 200 250 w =
Egear / GV -
| ! | ! L
10" 1 10 2

kinetic Energy [GeV]
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