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INTRODUCTION

» SCIPP ILC group involved in BeamCal design, studies of its
use in looking for compressed SUSY

» Has led to several recent developments:

» "Prediction algorithm” to estimate location of
deflected e* from two-photon events in the BeamCal
(hermeticity?)

» “statistically-correct” 4-vector overlays of ILC
backgrounds (two-photon events, Bhabhas, pairs...)

» FLUKA model of BeamCal detector
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STAU DECAY WITH SMALL MASS SPLITTINGS

Benchmark signature is stau decay,
=X
with mass splittings on the order of a few GeV.

Events look very much like two-photon events for which the
deflected electron and positron are not detected.

Main challenge seems to be separating two-photon
background from SUSY signal.
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TWO-PHOTON RECOIL KINEMATICS

» Two-photon interactions are modeled with contributions
from both the Beamstrauhlung distribution and the
Weizsacker-Williams approximation.

» Beamstrauhlung photons have zero transverse
momentum, while about 30% of Weizsacker-Williams
photons have transverse momentum, leading to a
deflected e* that might be detectable in the BeamCal.

» Four event categories: eBpW (electron from
Beamstrauhlung distribution, positron from Weizsacker-
Williams approximation), eWpB, eBpB, eWpW.
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TWO-PHOTON EVENT RATES

ILC has a luminosity of 3.6 nb™' per train with 1312 crossings
per train, so we have
L 2.74 pb~!

CrOSSing — Crossing

Even samples are generated using Wizard MC. Using the
Wizard cross sections:

Event Type BB BW WB WW

Crossing (fb)  134427168.3 93474234.88 904353013.33 81276125.5867

Events/Crossing  0.368855  0.256484181 0.2588954634 0.2230137589

There are an average of 1.1 two-photon interactions per beam
crossing.




PREDICTION ALGORITHM
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MOTIVATION

» Atwo-photon event for which neither the electron or
positron is deflected into the BeamCal can look like SUSY

» These must be rejected based on an algorithm that
estimates the position of the deflected e*- at the face of
the BeamCal, based only on information from the rest of
the detector (from the “hadronic system” only)

» Develop a “prediction algorithm” and explore
performance as a function of hadronic system coverage
(detector hermeticity)
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PREDICTION ALGORITHM FOR TWO-PHOTON EVENTS

» Set of particles arising from the fusion of the two photons is
called the “hadronic system”

» We define the hadronic system 4-vector

—

h = (H, hy, by, h),
» Prediction algorithm assumes
» perfectly reconstructed hadronic system
» no more than one deflected beam particle

» energy and momentum conservation
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We define electron and positron (anti-electron) momentum
vectors

5: (el‘:e’yzez)a C_i: (a'fc.aa‘y:a‘z)

Positron deflects
hy +h; — 5

a=(—h,, —h, % ) 5 =500 —H + h,,
Electron deflects
2 2 2
¢=(—h,,—h,, he +hy —a a =500 — H — h,.
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We cannot know which beam particle deflected leading to a
two-fold ambiguity.



Angular Difference Between Prediction and Truth Momentum Vectors
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PREDICTION ALGORITHM PERFORMANCE

» We projected the momentum vectors onto a position on
the face of the BeamCal

» Assigned a hit status of “Miss” if particle went down either
of the beampipe holes, status of “Hit” otherwise

» Four scenarios in the form Prediction Hit Status/Truth Hit

Status: Hit/Hit (H/H), Hit/Miss (H/M), Miss/Hit (M/H), Miss/
Miss (M/M)

» Dangerous category is HM: algorithm predicts an e* hit
the BeamCal, but none did. Such a two-photon event
would be incorrectly identified as a candidate for SUSY.
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PERFORMANCE VS HERMETICITY

Let znax be the limit of the detector’s coverage of the

hadronic system, where z = |cosf)|.

For eBpW and eWpB events with greater than 1 GeV of
transverse energy, we look at the population of the H/M
category across a series of cuts on zyax.

Hit Status Prediction/Truth Averaged Over eWpB and eBpW Events

Zmax | No Cut | 0.999 0.99 0.95 0.9 0.8 0.5

HH | 0.118 | 0.112 | 0.084 0.059 0.048 0.037 0.019
H/M | 0.029 | 0.040 | 0.045 0.050 0.050 0.045 0.029
M/H | 0.014 | 0.019 | 0.047 0.072 0.083 0.095 0.112
M/M | 0.839 | 0.823 | 0.824 0.848 0.819 0.822 0.839




JUNE 2017

FURTHER INVESTIGATION

» Gain an understanding why algorithm does not work
perfectly for the case of a single deflected beam particle
and perfectly reconstructed hadronic system

» Need to consider the case of eWpW events with two
deflections (2% of two-photon background)

» Test performance of prediction algorithm using realistic
ILC beam crossings with correct statistical representations
of all standard-model processes



BACKGROUND OVERLAYS
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OVERLAY

» Used Overlay utility within Marlin, modified to allow for the
statistical selection from multiple event files in a single job

» In order to generate a large sample, working at generator
(4-vector) level

» Generated 10° ILC crossings (15 seconds of beam time or.
0.27 pb') with contributions from the four two-photon
event types and, for now, Bhabha events with no secondary
photon radiation

» Pairs not included since they impact only the BeamCal.
Instead, fast MC (based on full simulation) of BeamCal
reconstruction under development
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Two-photon Cross Sections and Event Rates

Event Type BB BW WB WW

Crossing (fb)  134427168.3 93474234.88 94353013.33  81276125.5867

Events/Crossing  0.368855  0.256484181 0.2588954634 0.2230137589

Bhabha Scattering Cross Sections and Event Rates

Secondary Radiation ete ete Y ete Yy

Crossing (fb) 278555100.0 853356.41.88 15389.98.33
Events/Crossing  0.764327339 0.002341525 0.000042229




Frequency
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» Extract numbers of events distribution from log file of
Overlay processor

» Poisson distributions reflect correct mean



Histogram of total final state particle energy for 10° crossing
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Next step is to overlay compressed SUSY models (already in
hand) and begin realistic studies



FLURA MODEL
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BeamCal Simulation in FLUKA
(Ben Smithers, SCIPP)

BeamCal absorbs about 10 TeV per
crossing, resulting in electromagnetic
doses as high as T00 Mrad/year

Associated neutrons can damage sensors

and generate backgrounds in the central
detector

GEANT not adequate for simulation of
neutron field = implement FLUKA
simulation

Design parameters from detailed
baseline description (DBD)

Primaries sourced from single Guinea
P]_QtSlmulathI’l of e* pairs associated
with one bunch crossing
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Layer 2 Detector - Fluence
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Layer 4 Detector - Fluence
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Layer 6 Detector - Fluence
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Layer 8 Detector - Fluence
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Layer 10 Detector - Fluence
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Layer 12 Detector - Fluence
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Neutron Flux and BeamCal Sensor Radiation
Damage

SLAC Experiment T506: prototype sensor

placed at shower max of electromagnetic
shower induced by tungsten = shower has
realistic hadronic component SLAC e- beam

Explored radiation-hardness properties of
several different Si diode and bulk solid-state
(GaAs, Sapphire, SiC) sensor technologies

T506 exposures in the 100-600 Mrad range
(recall that maximum BeamCal dose is 100 Mrad
of electromagnetic radiation)

Sensor prototype

Recent discovery: FLUKA simulations suggest
that damaging (non-ionizing) component of neutron energy deposition, per
MeV of dEdX from e*-, is much higher in the BeamCal than at the T506

exposure point

May have important implications for BeamCal sensor choice, given varying
degrees and types (charge loss, leakage current) of radiation damage
observed in T506
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GOING FORWARD

» Developed a prediction algorithm to assist in background
subtraction of two-photon events that mimic SUSY signal

» Test performance of two-photon prediction algorithm on
more realistic ILC beam crossings including Bhabhas and

SUSY signal

» Use new crossings plus fast simulation of BeamCal
response to explore reach of ILC for compressed SUSY

» Complete FLUKA BeamCal radiation damage model|,
extend use to model BeamCal-induced neutron flux in
tracker and calorimeter



