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Motivation

design of a non-magnetic detection system

for stopped antiproton annihilation measurements

liquid or gaseous target f -
¥ straw tracker
~1m
- suitable for low emittance antiproton beam mini target cell
- detector geometry - close to 4 Si- usmp
- precise tracking system (incl. vertex detector) needed 5%\1 i :
- can be itself a tool for physics investigations PP /EJ
. . . < //\ segmented
(eg. S=-2 states |nveSt|gat|OnS) stfrt sc:ntlllator /
. . . Il outer scintillator 3 layer
destructive beam monitoring tool LE t“quirl’t’ stisei oy %U
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Motivation

design of a non-magnetic detection system

for stopped antiproton annihilation measurements

|
liquid or gaseous target

destructive method
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a thin (~1 um) degrader foil

used to further decelerate antiproton beam before trapping
detection of charged particles tracks and extrapolation

towards the degrader foil
- determination where annihilation took place

(non-destructive) beam monitoring tool
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Scintillating fiber detector
for the beam position monitoring

a simple model

£ simulated reconstructed

2 double layers (r =1 cm and 6 cm)

.. made out of 0.25 mm diameter scintillating fibers
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beam position: x = 1.5 mm, y = 1.0 mm, 6 = 2.5 mm

detector resolution: ~0.3 mm
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Scintillating fiber detectors

plastic scintillating fibers

e thin plastic scintillator covered by inactive acrylic cladding
(0.25 mm - a few mm diameter, round/square, ~10um thick cladding)
e a few thousand photons/MeV (MIP)
3-7% of photons trapped
e rise and decay times of a few ns
e can work with high fluxes
(fast photodetectors and readout electronic needed for high rates)
e simple in construction and operation
e cost effective
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ALFA - Absolute Luminosity for ATLAS

‘edgeless’ detector approaching measuring

elastically scattered protons

distance of mm from LHC beam to reach

Coulomb scattering regime
separated from UHV

10 layers double of 0.5 mm square fibers

resolution below 40 zm
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fibre
Conneclors

10 x 2 fibre layers

beam axis

LHCD tracking system will be upgraded to
single detector based on scintillating fibers
read out with SiPM (LS2)

detector based on 2.42 m long scintillating
fibers of 0.25 mm diameter

triggerless readout, high efficiency, high
radiation near the beam pipe
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6 metres
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5 metres
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realistic geometry

single module consists of two double layer
R fiber grids
NV AK 50 . .. .
16 x16 mm2 -7 - e distances optimized for reconstruction of
128 ch. ' a single charged particle track originating
from the degrader foil

e geometrical acceptance ~1%

/
/ 125
\< . v point-like beam at the center,
— > . .
N 200 single module resolution: 0.4 - 0.7 mm
@ ) I 140 22/ ndf 3312/ 262 100 P P T F " 18
/ p E ;0"5‘3"10002982110‘;:;2 [ Constant 67.44 +1.11 E 4;— s ‘ 16
/' [ 120 Sigma 04445 00047 sol Gona: B0 3_ 14
2 12
1= ..
E -10
o .
48 x 48 mm? P b
384 ch. ;
; o 4
L _4— 2
ok kLo il Y M b ot s b o o o v ool lognnd ol g
%572 3 2 10 1 2 3 45 % 43 290 1.2 34 4 3 2 101 2 3 4
y [mm] x [mm] x [mm]

JULICH

Member of the Helmholtz Association 17 October 2018 Page 7 Forschungszentrum



realistic geometry

scintillating fiber grid
(0.25 mm fibers
in x and y)

SiPM
Sseparation foil housing
| (HY - URvy (vacuum)
readout
electronics
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Implementation of the detector in a trap experiment (ATRAP)

ATRAP fiber
detector

trap
electrodes scintillator
paddles

degrader
foil

annihilation detector

magnet

antiproton beam
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estimation of the event rate

annihilations in flight

on a degrader foil . .
would event separation be possible?

annihilations elsewhere
(eg. trap walls, trap exit)

Estimation of the number of annihilations on a degrader foil

'E' 3.0 - » p-Cdata
B siah o = 7-C data e bunch length: 300 ns
B % E § | simers e 4.7-10° particles/bunch
n O _presented result e 1 pm C foil (90 =2.26 g/ cm3)
S R N N N MR NN F N e cross section: ~2 barn
EPJ Web of Conferences 130, 07014 (2016) > a few hundred annihilations/bunch
0""100 200 300 400 500 600 700 800 o0 Geantd > 10*-10° annihilations/bunch expected

P as [MeV/c]

e with the geometrical acceptance of <1%
o very low background
o event separation should be still possible
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Summary

e tracking detector well suited as a p beam profile monitor measuring annihilation particles
e expected beam position reconstruction precision: a few hundred pm

e advantages
o with a thin degrader foils - a non-destructive device
o detector components outside UHV
O  sensitive to single particles

e challenges:
o achieving desired time resolution (in the order of 100 ps)
O optimization in view of event rate (event separation in a spill and sufficient statistics)
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Thank you for attention!
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realistic geometry

one detection unit:

fiber grid 1: 64 x2 =128 ch.
fiber grid 2: 192 x2 = 384 ch.

SiPM: 512 channels (4 k€)

amplifier, discriminator:
8 x 64 ch.: 2 k€

readout (e.g. TRB3): 2 boards: 5 k€

housing, cables: 1 k€

sum: 12 k€
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