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Creation of HP TPC Prototype: goal 1

« We are building UK HPTPC prototype (fig. on [Raski sl lli ~  Cathode
region

bottom) with optical readout based on
successful DM TPC experience (left fig.) »

* Must be tested & calibrated on real data... Field cage

« and produce useful physics results.

charge =8
optical readout .
readout ports
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Proton cross-section status: goal 2

There is a lack of data for p xsec in [50-200] MeV 5 — NEUT
s 7
area (see the figure below). = GENIE
There are essential discrepancies between %gw—
neutrino generators (see the figures on the right) 510,2_
New experimental data would be useful here! ol
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Lack of low-E flux data on CERN T9/T10 beams
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CERN beam tests have been performed
in order to explore undocumented beam conditions at <=1 GeV.
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CERN beams: scheme
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CERN beams: photos
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Beam: Upstream Counter sizes: 4 x 20 cm Downstream
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Tests have been done in Sep-Oct 2016

~ 100 hours of data have been collected.
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Setup for absorber studies

Geometry to test absorbers {moderators)

13.4 m
T10 beam: -
Collimator 0-6-1.0GeV . 17m 5
.*i —
0.56
UP PS Absorbers: DOWN PS
n - Concrete—9.8cm (~3.2 g/cm?)

Steel—- 9.8cm

Several measurements have been done with absorder (moderator): concrete and steel

blocks (thickness ~10 cm) placed in beam line.
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Examples of experimental data

TDC spectrum
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Moderator studies
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Main spectrum is shown on left figure with clearly separate peaks of proton and rest
particles (mostly pions). Right picture: comparison of spectra measured without and with

steel absorber.
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Triggers per 1.95 ms

Some beam properties

Beam profile vs time
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Profile of beam spill: number of particles
(Y-axis) delivered vs spill time ~ 0.5 sec
(X-axis).
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Number of particles per spill vs different
runs in time. Factor of 2 has been
observed.

It’'s difficult to give absolute values in
“particles per spill” unit.
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Main Results for ON axis measurement

Particle intensities vs T10 beam momentum Particle intensities vs T10 beam momentum
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1) No protons for T10 beam <=0.4 GeV
2) Huge background from pions&muons

3) Attempt to use moderator (get smaller energies from higher beam) is not working here.
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ldea for OFF-AXIS measurement

TPC: 0.5xXx1m

protons

Beam

Moderator

INENETe——

1) Once protons are scattering harder on absorber one can try to move TPC off-axis in
order to reduce pion background flux.
2) G4 simulations have been done in order to check this idea.
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Pions/protons ratios vs OFF-axis shift

Absorber studies: m&p from 1 GeV T10 beam in TPC in 13 m from absorber Absorber studies: x&p from 1 GeV T10 beam in TPC in 13 m from absorber
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And it works! We really have optimal band at OA ~ 3-4°,
Left figure: comparison of different absorbers at 1 GeV beam
Right figure: different beam energies for plastic absorber.

Optimal solution is ~ 35 cm of plastics for 0.8 GeV T10 beam.
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I OFF-axis: pions & protons after plastic absorber

Pion (0.8 GeV) in TPC vs shifts J_'O beam line (BL): 30 cm of Plastic in 13 m Proton (0.8 GeV) in TPC vs shifts Jto beam line (BL): 30 cm of Plasficin 13 m
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Momentum spectra of particles expected in the HP TPC prototype for optimal configuration:
T10 0.8 GeV beam + 30 cm of plastic absorber.

Optimal OFF-axis position ~ 3 - on the figure.
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Track multiplicity in the HP TPC

TPC simulated real hit pattern in event=841: 300 MeV p/n TPC simulated real hit pattern in event=64: 300 MeV p/n
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1) In addition to better pi/p ratio OFF-AXIS tracks (figure on the right) have better spatial
spread across the chamber, which is better for track reconstruction.
2) The concept of beam entrance window is not working for the OFF-AXIS measurement.
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Conclusion

CERN beam tests of low proton fluxes have been done.

For on-axis measurements no protons @ beam <= 0.4 GeV and huge (>= 10 pions/p)
background.

Off-axis measurement allows to reduce background dramatically by factor of 5 and
makes it possible to perform proton xsec measurement in [ 0.2-0.4 ] GeV range.

Paper preparation is in progress.
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CERN beam tests

Particle intensities vs T10 beam momentum
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particles/spill
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Reference runs: peak intensities

Performance of reference runs: T10 0.5 GeV proton beam Types : Norm. factor
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Reference 0.5 GeV runs have been taken before or after each data measurement. They

have been used to correct results.
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2D momentum distros

Pion momentum distribution @ T10 beam Proton momentum distribution @ T10 beam
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Pion (on the left figure) and proton profiles in momentum vs T10 beam momentum.
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I Pion/protons after absorbers (10 cm) vs. distance

Absorber studies: 1GeV n&protons in 4.5 x 20 cm PS
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ON-AXxis measurements with absorbers: pi/p ratios vs distance.
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pion/proton

Moderator studies: r/p ratios

Moderator studies on T10 beam

—a— T/p 1GeV, concrete
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1 2

Moderator location

From n/p ratio plot it is clear
that

The scattering cone of pions
Is smaller than the proton’s
one: the =n/p ratio falls down
while moderator moves from
the target - downstream PS

here.
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Pion (0.8 GeV) in TPC vs shifts J_Io beam line (BL): 40 cm of Plastic in 13 m

Proton & pions after plastic (PS)

Proton (0.8 GeV) in TPC vs shifts J_to beam line (BL): 40 cm of Plasticin 13 m

BL shift, m: pflspill; <P> :
E 0.0 720.7; 0066 £ 0.0 prinmm
— 11.25: 398.3; 064 £ 0.1

0.50: 146.1; 0.62 £ 0.1 |-

— 0.75: 33.5; L56 =
L 11.0; 0.54 =

P e Be R B
0.2

125_ 65, 054 iﬂE‘ ........................... ................

1.50: 4.6; 0.53 0.2
2.8; 0.55 +0.2 ||]..

2.00:

BL shift, m: plspill; <P>

0.0 16.6; 0.38 £0.1
— .25 12.4; 0.38 0.1 |7
0.50: 80; 0.37 £0.1
—_— .75 44 .36 £0.1
10 21 0.34 £0.1
]l —— 1.25: LO; 0.32 0.0

o 8 GeV @ 40 cm PS A R e e

Particles/spill

11

10!

2

Pion {0.8 GeV) in TPC vs shiits |t beam line (BL): 30 cm of Plasticin 13 m

1.2 . . 1 1.2
Mumenlum GeV Momentum, GeW

Proton (0.8 GeV) in TPG ws shifts J_m beam line (BL): 30 cm of Plasticin 13 m

[BL SRtz PRI <P> | z | | © [BL shift, m: plspill; <P>
0.00: 1138.7; 0.68 = 0.1 g 10 s 0.00: 73.8; 0.51 0.0 |:
|| —— 0.25:519.1; 0.67 0.0, S . N —0.25: 55.0: 0.50 £ 0.1 |
H 0.50: 149.9; 0.63 £0.1 | 5 : T ” 0.50: 30.6; 0.49 0.1 |-
H—— 60.75: 20.8; 0.56 0.2 [t fiin] e HL Hlo —0.75: 12.1; 0.47 =00 |..
i L00: 90.8; 0.5F £0.2 [ 0 ISR I3 RO LOO: 41; 0.45 £0.0
H—— 1.25: 5.4; 0.54 0.2 il olidg : i —— 1.25: 1.4; 0.45 0.1
| 7500 40, 089 0.2 o Lo | T o e e B a0 07 04y co1
: 28 0.59 £0.2 0.8 GeV @ 30cm PS 200: 0.4; 0.47 0.1

Mamentum, Ge]'.fg 0 {JE | YU ﬁ 4S h ItOV \/ S h Pth@ |Gxaﬁml.ég'2 24



mailto:y.shitov@ic.ac.uk

Pi/p ratio after PS

OA shift=1 m: n&p from T10 beam in TPC in 13 m from PS
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This gap is more visible here — small increase in absorber thickness gives essential drop of
proton flux
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Proton Bragg peak effect

Protons
| P survive well until this *

depth of absorber Bragg
@ 1 Peak
W
o
O
©
=
—
o Problem due to
g big losses here

Depth

Effect observed is related to proton Bragg peak. Protons are surviving well until certain
distance and once reaching Bragg peak area they stop quickly. At this boundary even small

increase of absorber leads to big losses. This is why proton therapy works!
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