Study of Backscattering Effects on the Particle Identification
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INTRODUCTION EVENT RECONSTRUCTION DISTANCE FROM CALOROMETER AND SEGMENTATION AND BACKSCATTERING EFFECT

. . . : : BACKSCATTERING EFFECT
% One of the consequences of having a high-density Shower-axis Reconstruction g

calorimeter as part of an experiment is a large number of « To determine the X, Y coordinates of the shower core in Charge Determination Efficiency. ‘

*

» ISS-CREAM charge detector has 2.12 cm? of fine segment.
» Backscattering effect with bigger segments is compared to check
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secondary shower particles generated in the calorimeter -
- some of which scatter back up towards the charge

each CAL layer, the center of mass concept was used.
* To reconstruct the shower axis, a linear fitting of these X,

The fraction of events identified as a proton among the reconstructed
events that traverse SCD active area

segment size dependence.

Worse on the SCDs due to long lever arm e |
» Simulate the detector response using GEANT3 Monte Not good at low energies since shower core is not well-developed 40 _¢
Carlo Simulation toolkit [1] with FLUKA hadronic 5 £}
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measurement devices. Y coordinates was used. > At lower energies (< 2.7 TeV) charge determination efficiency % I ‘ | ‘ | g ¢+
% This so-called "backscatter effect" can interfere severely  Requirements: increases as energy increases mainly due to tracking uncertainty £ 80r ’ l & } > &
with accurate charge measurement of the primary v' Each CAL layer used in the fitting is rgqylred to have an energy deposit > At higher energies (> 30 TeV) the efficiency decreases as energy E 6o [ | S 10k )
: , : greateniiani7ooiiowlicnergyicepositime Al increases due to more backscattered particles - - 2.
nucleus, especially at high energies, as the number of v An event is accepted if it has at least 3 CAL layers that satisfied the above _ o : . S ob S
backscattered particles increases with the incident condition in X and Y each direction: otherwise, it is rejected. > At .ml(fi range (2.7 TeV ~ ?’0 TeV) the efficiency is about 90 %, = - X - )
energy. _ _ quite independent of the incident energy. _q:, 20 [ 1 0—2:_+_‘.,.._.
& In this presentation. we will discuss the effect of Trajectory Resolution (cm) > The efficiency is better as distance (from the calorimeter) > - | e
* P X oee oo » After shower reconstruction, extrapolate the shower axis increases due to reduced backscattered particles. = O 5 200 400 600 800 ¢ 100 100 100 10°
backscattered particles on particle identification by for th t iti .
simulating the 1ISS-CREAM instrument model detector Of e SNTTance Postion. — ArEn (e, Incident Energy (GeV)
response. . ‘e " T 90 - # ++ + % X » ! size at distance 38.45 cm: incident Segment size dependence of mis-identified
actual incident position and the reconstructed position. > 80 F # . 80 '—-% ‘ size at distance 38,43 om: Incident fraction over incident energy, Dotted line is
MONTE CARLO SIMULATION ~0.18cm at the top of the calorimeter % Zg : i% % . 4/ TeV,g;,()() oy ) ; a guide to eyes
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Mis-identified fraction increases as area increases, and the area
dependence is stronger for higher incident enegy.

N
=]
|

interaction package [2][3]. 0D ) S > Area dependence incr_eas_es as energy increases. |
& G t t isotropicall incident f 1?2 160 10t 10 10° 275 30 325 35 375 > For 100 GeV the fraction is 2.4 % with 2.12 cm? and increases up
¢ ‘I()e(;]%ra\/etprgOOOn'Sl' 'f/o ropically over an incident range from 4 L 4 Incident Energy (GeV) it () to 7.9 % with 766.2 cm2 while for 500 TeV, 23.5 % and up to 93.3
ev 1o eVv.

. . . o , , %, respectively.
Charge determination efficiency over incident =~ Charge determination efficiency over distance

energy; distance from top of the calorimeter is  from top of calorimeter; incident energy 2.7
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» Atypical event passes first through the charge module,

&
II|IIII|IIII|III

Position Resolution in x (cm)
Position Resolution in y (cm)

then interacts in the carbon target, and finally develops a 5 f q i T , 27.05 cm, 30.85 cm, 34.65 cm, and 3845cm  TeV, 10 TeV, 100 TeV, 200 TeV and 500 TeV SUMMARY
shower in the calorimeter. & [ I —— o B Mis-identified Fracti > Backscattering effect increases with the incident energy.
200 GeV proton incident |/ s “ 1 ¥Ry T S S RIS ULLSC Hplee LA L E > The mis-identified fraction in ISS-CREAM SCD (with 2.12 cm? of
e e e e e e e e e e e e The mis-identified proton (Z >1.732) fraction among the reconstructed fine segment) is 2.71 % at 1 TeV and increases up to 12.93 % at
| | fe ifi Lt O __ | IIIIIII| 3| |||||||| 4| ||||||||5| (I 0 —_ | IIIIIII| | |||||||| | |||||||| L 11 events With Z>O 200 TeV.
3 4 5
SCD (Silicon Charge Detector) Inc‘cignt Ellzr (‘éeV) Incidfnt Ellgl‘ (geV) > Up to ~3 TeV incident energy the mis-identified fraction is ~2.75 %. > Backscattering effect increases as the segment size increases.
&y 5y » Over the higher energy ranges the mis-identified fraction increases > With 256.82 cm? segment mis-identified fraction is 8.57 % at 1
Incident energy dependence of the position resolution for incident protons; calorimeter as energy increases due to more backscattered secondary TeV and increases up to 69.03 % at 200 TeV. '
C-Target (filled black circles), distance from top of the calorimgter 38.45 cm (open red squares), particles with higher incident energy. The fraction in % is » For the larger segment the energy dependence is even stronger.
34.65 cm (filled green squares), 30.85 cm (open blue circles), 27.05 cm (filled black proportional (slope of 0.58e-4) to the incident energy in log scale.
Calorimeter triangle), dotted lines: SCD pixel width (/eft) and length (right) o . ) _ _
An example of simulated event: » The mis-identified fraction linearly decreases as distance (from the REFERENCES

e ((516:6), dhrmsed. parieles top of calorimeter) increases with incident energy.
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