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Motivation

- ( ﬁ:a nd a Targe

material

> Fixed target experiment

> Antiproton beam:
(1.5 ... 15) GeV/c

- Forward
Spectrometer

> High interaction rate: W kctrometeh
2 x 107 interactions / s N

- Non-ordered time structure Impact of elastic interactions

: - Forward direction:
*
> Inner tracking systems* close Fast antiprotons

to IP and along beam pipe > Central part:

* Details: HK 27.2 (STT), 41.1 (MVD), 53.34 (Fwd) J Slow recoll protons
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Motivation MVD

- pp - Elastic Scattering

100

Experimental data
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Motivation

» pp - Elastic Scattering 0 Macroscopic
Cross section

10seventsy @ Kinematic
10° constraints

4 .
10 3 Relative

(o]
o
T ';—? T

3
—_ 10 abundance
?—a \ Pbeam [GeV/c] 102
% 6o 1.5/2.5/5.0/7.5 10 Large track densities at
g a0l \ 10.0/12.5/ 15.0 , small polar angles
> (antiprotons)
& 20 S and in central part at
Y R I IR W N S polar angles around 90°
0 2 4 6 8 10 12 14 (recoil protons)

Particle momentum [GeV/c]
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Elastic scattering MVD

« Kinematics

> Relativistic description: Four momentum transfer <> 1

4m2c2 sin@ 1/820 = (Boam + mpc?) /(B — mpc?)
—t =2m,T;, = P |
/-SCM_ sin &) Ebeam — '\/('TH'PC)E + (pbeamc}z
~ : Lab system
w [ & Beam momentum Po =0 : yp'
2 1 < Recoil momentum y —T
® 1 < Recoil angle, @ a >0
@ O < Scattering angle, @ Precoil
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Elastic scattering MVD

- Differential cross section
> Small momentum transfer

@ Nuclear region (o)
oL t]> 10 (GeVic)?
0 220 | 2/7 319 328 2 Coulomb dominated region (o)
Oc Pp 6 GeV/c |t] < 0.5 x 10 (GeV/c)?
3 Interference region
|t] < <103(GeV/c)?
|t] > 0.5 x 104 (GeV/c)?

7
1 IIIIIII|

Divergent Coulomb term
S - Impact of very

0 2 4 6 8 10 I |
w recoll protons?
-t [GeV/c]*x 102 slow recoil protons
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Elastic scattering

- Differential cross section
> Small momentum transfer

o [°

1.60 2.26 2.77 3.19 3

]
.58

104 . .

T r G¢ pp 6GeV/c
PP

53 O f E

co :

'CSB - -

e C \\ GN E

oy ]

0 2 4 6 8 10

-t [GeV/c]* x 10-3

Recoil momentum [GeV]

N
o

[ T TTTTTT

|
|
I
1
:. ........
el " R
I
I
I
|

-

C).nq
il /
TT T

- ==

S

s

ryrord D I S 0 Sy Sr

2

10* 10° 10

0" 1 10
-t [GeV/c]?

Impact of very slow recoil protons?
Minimum momentum to cross beam pipe

Particle | |Puin| ; Qine = 90° | |Prin| » Qine = 45°
p,p ~89 MeV /c ~98 MeV /c

universitétbonnl

DPG Fruhjahrstagung, HK 21, Mainz, March 19, 2012
Thomas Wirschig, ppbar elastic scattering: Impact on PANDA inner tracking



-tic scattering

. Differential cross section = 10
> Small momentum transfer %

0 2 4 6 3 10
-t [GeV/c]* x 10-3

= No impact of the Coulomb part
on the inner tracking systems

= Use of elastic scattering
In the interference region
for luminosity monitor
(see HK 27.2, Wednesday)

| protons?
&S beam pipe

!-Tmin . e = ‘L—]

~89 MeV /c

~98 MeV /c
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Elastic scattering MVD

- Differential cross

. A 14GeV/c do/dt
section (ctd.) A 27Gev [mb/(GeV/c)]
® 355GeVic 102 . : —
O 5.7GeV/c - . =
B 5.8GeV/c . PP PP
> Larger | | values: ER O 16Gevio 10} % A 3.7 Gevre
o ' Q97 -
- Fast drop-off by | ¥ *
(at least) two L
orders of
magnitude
0 1 2
- Further structure £ [(GeVic)] | | |
at higher momentum 0 1 2 3
transfer -t [(GeVic)?]
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DPM event generator

1.4 GeV/c
2.7 GeVlic
3.55 GeV/c
5.7 GeVic
5.8 GeVic
16 GeV/c

OmEO @D p

LLLLALLL T T TTIT] Ly =

L L

Measurement data

do/dt
[ mb/(GeV/c)?]
102

10}

o

-t [(GeV/c)?]

2 3
-t [(GeV/c)?]

DPM (10 million events)

Counts / bin [ (GeV/c)?]

-

(=]
N
|

bin size: 0.01
10° | 15 GeV/c
2.5 GeV/c
3 3.5 GeV/c
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&N 15.0 GeV/c
"'l":‘_) ‘w_‘_‘“\‘: ‘-‘._“\\ e,
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event generator

Counts

Only elastic scattering
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Particle momentum [GeV/c ]

Recoil protons peaking at 200 MeV/c
independent from beam momentum

T T s
NN

o

i
60 80
Polar angle [°]

Recoil protons mostly emitted between
polar angles of 70° to 85°

Scattered antiprotons to be considered
at lower beam momenta
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- DPM event generator MVD

Elastic and inelastic processes

= e 1.2 :_l 1
& S efd ¢ | [ ‘]
= 1.0 1 i ¢ i
\o % B ]
g L]
8 0.8 [ -
bm [ 1 1 I 11 ] ] I 11 ] 1 | 11 1 1 | 1 ] ] | | | - 1 I

2.5 5.0 7.5 10.0 12.5 15.0
Beam momentum [GeV/c]

e Ratio of cross sections: Elastic / Inelastic
Good agreement DPM <> experimental data
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DPM event generator MVD

Elastic and inelastic processes

(a) Antiprotons:

—> Elastic peak shifted
to inner regions of
forward tracking layers

- Highest track density
still due to Lorentz

lll 1 : lllllll 1 1 1 1 1 I 1 1 Ll l 1 1 1
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boost of inelastic part 5 —— 1.5GeVlc
(b) Recoil protons: z 50 GeV/c -
- Clearly dominating R - 75GeVic
particle abundance in / ——10.0 GeViec
-------- 12.5 GeVlc
central part
P ? ——15.0 GeVic

lllll

Impa’Ct on Count rates’ Lol L1 | I
l.e. specifications 10 40 80 120
for the readout electronics? Polar angle [°]

A
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Detector simulation (MVD)

panda

- Impact of elastics on count rates (frontend electronics)

Barrel (central) part

- ‘T._' I 1 | 1 1 I 1
9 MaXImum Count .2. 106_5881??'115 Gevic| 7 1 (1) Short strips  (ll)
rate given as L b o 15 Gevie \'/ t Barrel 3
g. . = . STNp T 15GeVic /7 A/é’éfé
specificationfor £ f e ] —a—15Gevic [,/ L
. (@] B -
strip frontend e
. (o)) = =
considers S A R rips -
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ulation (I\/IVD)

pan =

- Impact of recoil protons on outer tracker (STT)
o] o pIp-

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

150 MeV/c

120 Hit points

-100 0 100 -100 0 100

- Strong attenuation effects:
Recoil protons will be absorbed within the MVD volume to large extent
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Summary MVD

- Elastic process has to be considered
carefully at PANDA

- EXxisting event generator (DPM)
allows for dedicated studies of the
expected particle distribution

- Important hardware specifications
taking into account the impact of
elastic scattering
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MV

panda

Backup slides
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Detector simulation (MvD) MVD

- Impact of elastics in terms of radiation tolerance
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MV

panda

Design optimisation of the PANDA
Micro-Vertex-Detector for high perfomance
spectroscopy in the charm quark sector

6 Simulation

6.1 Hadronic environment . . . . .. .. L. oL L L. e e e
6.1.1 Elastic scattering process . . . . . . . . . . .o i e e e e e e e
6.1.2 Generated particle distributions in antiproton collisions . . . . . . .
£.1.3 Event topology in antiproton-proton reactions . . . . . .. ... ...

DPM (Dual Parton Model)
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DPM cut off
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DPM cut off MVD
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