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The Issue: ILC BeamCal Radiation Exposure
ILC BeamcCal:

Covers between 5
S and 40 miliradians

Radiation doses up
to 100 MRad per year

S Radiation initiated by

< electromagnetic

W& 8 particles (most extant

. studies for hadron —
. induced)

EM particles do little damage; might damage be
come from small hadronic component of shower?



G.P. Summers et al., IEEE Trans Nucl Sci 40, 1372 (1993)
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Damage coefficients less for p-type for E, < ~1GeV
(two groups); note critical energy in W is ~10 MeV

Are electrons the entire picture?



Hadronic Processes in EM Showers

There seem to be three main processes for generating
hadrons in EM showers (all induced by photons):

* Nuclear (“giant dipole”) resonances
Resonance at 10-20 MeV (~E_ical)

* Photoproduction
Threshold seems to be about 200 MeV

* Nuclear Compton scattering
Threshold at about 10 MeV: A resonance at 340
MeV

=» These are largely isotropic; must have most of
hadronic component develop near sample
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Proposed split radiator configuration

3mm Tungsten “pre”
18mm Tungsten “post™

Separated by 1m

Fluence (particles per cm?)

Radius (cm)



llHlumination Profile

Uniform to + 10% over (3x6)mm area



Hadronic Processes in EM Showers

Detector Board — /— Tungsten Backstop
1 d
! Radiator

Status: Thermal prototype under testing
at SCIPP
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Need to upgrade CC Apparatus for multiple samples

* New detector board to modularize system
(connector rather than bonds)

* Two pitch adapters (lithogaphic) to accommodate
different detector pitches

 Modications to ASIC board
e Design review Monday 12/19



Run Plan

To acheive uniform illumination, must raster In
0.05cm steps over 0.6x1.5 cm:

650
(nA)e E

1GRad =~

I beam

urs

ho
(GeV)

beam

e.g. 100 MRad at 1 nA5 GeV e = ~ 10 Hours

Have n-bulk and p-bulk samples of both float-
zone and Czochralski sensors

Will start with stepped runs up to 100 MRad
accumulation. Under discussion w/ ESTB
(Karsten) for Spring; keep fingers crossed.
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BeamCal Instrumentation ASIC Specs

ILC’s Pulse train structure

- Baamling

Positron
Bunches

< 0.87 ms, 2620 bunches  >199 ms, collision-ree  0.87 ms, 2820 bunches Zjicjonree

: l %0 “Soms

ms
f TMit TMbit
:. oW readout . w readout
Golision 4 H H H “ H |0 n n ” m ﬂ L,
Point T g ] g 200 201

308 ns t{ms}

Eﬁﬁﬁlé:‘ ¥ 3.25-MHz input rate
\ 100% occupancy (readout during silent period of pulse trains)
37-pC maximum input signals per pixel per pulse!
40-pF input capacitance!
10-bit resolution

Dual gain (50x) for different modes of operation: standard data taking (SDT)
and detector calibration (DCal)
= SDT: large input signal; slew rate, bandwidth and adder challenges
= DCal: smaller input signal; noise, baseline restoration and linearity challenges
(tighter design space)
32 channels per chip
Full-chip output (8-bit, 1-us latency) for beam diagnostics

Radiation tolerance to 1 Mrad total dose




The Bean Prototype: System-Level Design

THE BEAN V1.0

CHANNEL 3
CHANNEL 2
CHANNEL 1

ADC
S

Lj%aur ADC 1 Diagnostics

3 yau ) Readout

180-nm TSMC process

Fully independent channels

Digital memory to store 32 channels x 2820 x 10-bit results per ASIC

Precharge circuit for the charge-sensitive amplifier (CSA) to maximize output swing
= (CSA precharger doubles as on-chip pulser for electronics calibration

SC adder followed by a dedicated ADC

Gated reset for quick baseline restoration
= This has noise consequences in DCal mode




Noise Filtering, Increasing Input Capacitance

9
Test done at 1.63 MHz clock (32x slower than nominal speed)
= Filter reduces series noise by 26% (fixed reset scheme)
= Filter + digital CDS reduces series noise by 73%
= Measurements deviate 0.52% from weighting functions calculations

||~ Non-filtered
7|~ Filtered
{|—CDS

100 200 300 400 500 600
Total capacitance at input node (pF)

CDS = Correlated double sampling




BEAN ASIC: Next Steps

 Incremental improvements to filtering strategy
 Scale from 3 to 32 channels

* Digital back-end (switched capacitor array) for
storage of full beam-spill for quiescent readout

» Abusleme has obtained funding from Chilean
government

e Schumm has interested SCIPP consulting engineer

 Mode of collaboration discussed

=» Awaliting updating of readout specs
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Reconstruction Algorithm

e Choose seed layer
e Subtract mean background from all pixels

e Sum energy In sliding window (“tile’”) of NxN
beamcal pixels (N is optimized)

e Chose highest 50 tile depositions in layer
[determine efficiency that electron is one of
them]

* Reject spurious tiles via longitudinal patterns



Signal to Noise Comparison

Average Energy Deposited on BeamCal Layers

| Average Energy per layer | Sample average energy on layer (GeV) -50GeV e-

—— beamstrahlung 2 -100GeV e-

- ~———— 50 GeV electron 107 -150GeV e-

104 = 100 GeV electron - 1x background
E —— 150 GeV electron 10 1< -2x background

—— 200 GeV electron 3x background

— 250 GeV electron

—
L~
)

—
L=
X

ﬂ

—
(=]
| LLLL/ L

average energy [GeV]

—r
(=]
-

Ll | | Ll | Ll | Ll Ll | Ll | Ll | | - | Ll | Ll
10 15 20 25 30 35 40 45
layer number

20 30

layer number

Colorado: Mean background is x100 mean signal
SCIPP: Mean background is X500 mean signal

Have been unable to understand what changed



BeamCal Simulations: Next Steps

* Any thoughts on nature/origin of discrepancy
between Colorado/SCIPP signal/background files?
 Calibration
« Configuration
e Beam conditions...

* For now, trying to develop Colorado-like analysis
with degraded S/N

e Qutcome not clear

=» Plea for support
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Parameters required for Beam Tests.

To the presenter at the ESTB 2011 Workshop: please, fill in the table
(at best) with the important parameters needed for your tests

Beam parameters Value Comments

Particle Type electron
Energy Maximum
Rep Rate Maximum
Charge per pulse Maximum
Energy Spread Not a concern
Bunch length rms Not a concern
Beam spot size, X-y Large is helpful Up to ~1 cm rms
Others (emittance, ...) Not a concern
Space requirements (H x W x L) Im x Im x Im (plus 20cm x 20cm x 20cm 1-2

meters upstream)
Duration of Test and Shift Utilization Depends on available current

Desired Calendar Dates CY 2012 (flexible)



Shower Max Results
T | N

Photons with
O E>100 MeV per
electron, x 100 -

Photons with
¢ E>10MeV per ©
electron, x10

Photons per v
electron

Electrons, per
GeV incident A
energy

0.5 1.0 2.0 2.0 10.0 20.0

INCIDENT ELECTRON ENERGY (GEV)
=» Photon production ~independent of incident energy!




G.P. Summers et al., IEEE Trans Nucl Sci 40, 1372 (1993)
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Damage coefficients less for p-type for E, < ~1GeV
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Are electrons the entire picture?



5.5 GeV Shower Profile
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f':(‘)rr?] 0 1 2 3 4
Center of center
Irradiated —
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fo be 3 198 |11.8 8.2
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5.5 GeV Electrons After 18mm Tungsten Block

Fluence (particles per cm?)

Boundary of 1cm
detector

Radius (cm)

Not amenable for
uniform
IHlumination of
detector.

Instead: split 18mm
W between “pre”
and “post” radiator
separated by large
distance

nuclear
production is
~isotropic =» must
happen dominantly
In “post” radiator!



NIEL (Non-lonizing Energy LosS)

Conventional wisdom: Damage proportional to Non-
lonizing Energy Loss (NIEL) of traversing particle

NIEL can be calculated (e.g. G.P. Summers et al.,
IEEE Trans Nucl Sci 40, 1372 [1993])

At E_ Tungsten ~ 10 MeV, NIEL is 80 times worse for
protons than electrons and

* NIEL scaling may break down (even less damage
from electrons/positrons)

* NIEL rises quickly with decreasing (proton) energy,
and fragments would likely be low energy

=>» Might small hadronic fractions dominate damage?



BeamCal Incident Energy Distribution




Wrap-up

Worth exploring Si sensors (n-type, Czochralski?)

Need to be conscious of possible hadronic content
of EM showers

Energy of e beam not critical, but intensity is; for
one week run require E, .. ,(GeV) x I, .,m(NA) > 50

SLAC: Summer-fall 2011 ESA test beam with

Eieam(GeV) X I o.m(NA) 217 —is It feasible to walt for
this?



Rates (Current) and Energy

Basic ldea:

Direct electron beam of moderate energy on
Tungsten radiator; insert silicon sensor at
shower max

For Si, 1 GRad is about 3 x 101%/cm?, or about 5
mili-Coulomb/cm?

=» Reasonably intense moderate-energy
electron or photon beam necessary

What energy...?
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