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Beam Calorimeter Studies

Cross secltions

Two photon process
~_ Cross section
about 10° larger than
SUSY cross section.

Serious source of
background for SUSY

if not tagged .
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Solenoid field keeps the low energy
charged particle in the forward direction.
Beam hole is at 7 mrad.

. Anti-DiD
dipole field proposed by Andrei Seryi.
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Anti-DiD optimization for detector @ z=295cm (TeV)

energy down beampipe (TeV)
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Beamstrahlung: Anti-DID factor=2.0
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Beamstrahlung e*e pairs.
Energy deposited in
0.25 x0.25 cm? cells.
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Integrated Outside Beam Pipe

Total beamstrahlung energy distribution up to 100 GeV Non-beampipe beamstrahlung energy distribution up to 100 GeV
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Shower in Beamcal from 2 y process alone

head-on view |8 8 side view
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Beamstrahlung Energy Deposition in a Tile

Tile at start of BeamCal Tile 3.0 cm in

Beamstrahlung Deposited on a Single Tile (depth=0cm) Beamstrahlung Deposited on a Single Tile (depth=3cm)
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Beamstrahlung Deposition on a Single Tile
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Consequences of Beamstrahlung Energy
Deposition

“» Energy Deposition is not Gaussian until one

reaches a depth > 3 cms.

»  Distribution is very wide and hence affects
energy resolution if we subtract an average
value.

** This problem is seen in the study how to measure

the electron/positron energies. Resolution.
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Beamstrahlung Tile Energy
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Clustering Cuts in Depth and Energy, Example 1
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Clustering Cuts in Depth and Energy, Example 2
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Clustering Cuts in Depth and Energy, Example 3
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Energy observed as a function of distance from center of BeamCal

xit Beam Pipe
Entrance Beam P

Ap =35 deg

Ar=1 mm
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Energy Deposition versus r and ¢
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Energy Deposition versus r and ¢
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Observed Energy Deposited on | SCNISOrS
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Fraction of Energy Observed within a
Radius of 0.5 cm of Electron Path

Fraction of total deposited energy within 0.5cm of e- path, e- at 25mrad
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Fraction of total deposited energy within 1.0cm of e- path, e- at 25mrad

Fraction of Energy Observed within a
Radius of 1.0 cm of Electron Path

Fraction of total deposited energy within 1.0cm of e- path, e- at 25mrad (with cuts)
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Fraction of Energy Observed within a
Radius of 2.0 cm of Electron Path

Fraction of total deposited energy within 2.0cm of e- path, e- at 25mrad (with cuts)

Fraction of total deposited energy within 2.0cm of e- path, e- at 25mrad
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Fraction of Energy Observed within a
Radius of 3.0 cm of Electron Path

Fraction of total deposited energy within 3.0cm of e- path, e- at 25mrad

n events
8571
80T
75 4 Fraction of total ﬂepﬁs‘led energy within 3.0cm of e- pﬁlh. e- at 25mrad
Entries : 100
701 [Rme 547983
657  Pampliwde 78.087215.11
60+ | men 0.96671+0.00464
sigma : 7.35586-30.002171
@ 1.0000
557
507
45
401
35+
30T
257
207
157
107
S -+
0 . . ‘ . ; o
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

fraction of total deposited energy

I EEE—————Uniy. of Colorado, Boulder, April 28/08

1.00

Fraction of total deposited energy within 3.0cm of e- path, e- at 25mrad (with cuts)

n events FrEa"(ltr\i‘:l; -of total deposited energy within 3.0cm of e- path, e- at ?STor;d
18] i
17+ gauss
161 i s
sigma -0.026608+0.002285

157 A 0.61477
141 .
131 A
127
117
107

9 L p—

8 L

7t

6T

51

44+

3_.

2 L

1 e

050 055 060 065 070 075 080 08 090 095 100

fraction of total deposited energy (tile energy > 10MeV, tile depth > 30mm




-~ = - April 28/2008-ALCPG Q-

ILC — The International Linear Collider Project

Energy Resolution of High Energy Electrons

{E(measured)- E(expected)} /E(expected)

Error in Two-Photon Energy Determination — Run 1

Best Possible Resolution
No Beamstrahlung effects
included

=100 -80 -60 =40 -20 0 20 40 60 80 100
% error: {(obs—exp)/exp
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Energy Resolution of High Energy Electrons

{E(measured)- E(expected)} /E(expected)

Error in Two-Photon Energy Determination - Run 3

Energy Resolution with

EEEEEEEE

7 Beamstrahlung Included.

| Average Substracted. Only
221 energy deposited in a 25 mm
ol radius from maximum. Sum
| energy over full Beamcal

1 thickness.

o Effect of Beamstrhalung

;_- — ! | Iﬂ'\“m]u ﬂuCtuation in resolution clearly
-100 -8 -60 =40 3;223,.: fﬂfs_e,,migp 40 60 80 100 has an effect
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Energy Resolution of High Energy Electrons
{E(measured)- E(expected)} /E(expected)

Error in Two-Photon Energy Determination - Run 4

eeeeeeee

Energy Resolution. Beamstrahlung
Included and Average Substracted.

Measurements from 3.0 cm in and
1 Including only cells with more than
15 10 MeV energy deposited.
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-100 -80 -6 0 20 40 60 80 100
% error: (obs-exp)/exp
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Energy resolution of the reconstruction of the electrons from 2-photon

events including the effects of beamstrahlung

Fractional Error of Electron Energy Fractional Error of Electron Energy
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% error
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Reason for Resolution Tail

Subracted Tile Energy

tile energy (MeV)
Measured Energy loss o

due to cuts =

20
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Work to be Done

** Understand the low energy tails of the energy resolution

distribution. Develop a better scan.

% What is the missing Pt distribution of 2 photon events given

the resolution.

X Study the resolution of new geometries.
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Work to be Done

» Optimize signal to Background.

» Check all our Calculations.

» Find other analysis techniques that reduce the
beamstrahlung fluctuations and hence improve the
signal resolution.

» Study the effect of this analysis on SUSY signall.
Missing Pt limits.
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Study of a Scintillator Calorimeter

We are simulating a scintillator based calorimeter where the tiles

are offset in alternate layers. We are making now a great deal of

progress.
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Geometrical Arrangement
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Track Following into the Calorimeter

250 T W EM Calorimeter hits
2401 B Tracker hits
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The Chi-Square Structure

;= average photon energy deposited in ith tile
o; = standard deviation in the energy deposition

2 — 2 -1
1= 2 (G —p)Hy (- py)
I,j =

where x;is the energy deposited by the shower being
tested in the ith tile.
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We are now in the middle of trying to separate
photon clusters by means of the chi-square
method. Hard problem. Crucial aspect of

pattern recognition and calorimeter resolution.
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line jminuit fit - rZLineMC - RZ dps line jminuit fit - rZLineMC - RZ dps

® RZ dps ® RZ dps
= line jminuit fi = line jminuit fi
= rZLineMC = rZLineMC
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Study of the Characteristics of
Silicon Photomultipliers
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New Silicon Photo-Det_e_tors

Bias Voltage

Photonique, SA | _;._:_:,
a8 ~40 volts

Pulsar, Russia

+
Moscow Eng. .
PhySics . 2mm |+— Scintillator S03e
Pel’formance s

Uniyv. of Colorado, Boulder, April 2 8/() S e —



= - April 28/2008-ALCPG Q-

ILC — The International Linear Collider Project

LED Frequency vs. SiPM Frequency (log-loq)

=1
o
n

SiPM Frequency (Hz)

-
<

10°

102§II| | | IIIIII!. | | IIIIIIi 1 | IIIIIIi | 1 IIIIIIE 1 1 [ |
10° 104 10° 10° 107
LED Frequency (HZ)

I EE———————\Uniy. of Colorado, Boulder, April 28/() i —



= = April 28/2008-ALCPG

ILC — The International Linear Collider Project

2mm scint., cosmic rays
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Most Probable Values (Coulombs)

(1.0352 =
0.0011)e-12

(1.0385 =
0.0010)e-12

(1.0365 =
0.0010)e-12

(1.0381 =
0.0010)e-12

(1.0261 =
0.001 1)e-12

(1.0332 =
0.0011)e-12

(1.0325 =
0.0011)e-12

(1.0297 =
0.0011)e-12

(1.0321 =
0.0011)e-12

(1.0263 =
0.0011)e-12

(1.0372 =
0.0010)e-12

(1.0323 =
0.0010)e-12

(1.0330 =
0.0011)e-12

(1.0304 =
0.0011)e-12

(1.0245 =
0.0012)e-12

(1.0345 =
0.0010)e-12

(1.0322 =
0.0010)e-12

(1.0395 =
0.0010)e-12

(1.0337 =
0.0011)e-12

(1.0282 =
0.0012)e-12
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Sipm attached to the center of surface of the scintillator tile
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Special Budgetary Issue
ILC R&D in DOE (Paul Grannis) awarded us a
$20 K late award that could not be sent to CU
but could only be deposited at SLAC because of
the timing.
I request that I use these funds for BaBar work
and be allowed to used BaBar funds deposited
in Colorado for ILC R&D work.

Uniyv. of Colorado, Boulder, April 28/08
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Because ILC R&D funds become available in
~ July the funds cover 2 years of BaBar work

1 year of differential housing costs for Nagel
$5K

1 year travel costs from Colorado to SLAC
$5K

The total award from ILC R&D is $53 K
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The University has contributed to my research

a total of $38 K towards support of a Research
Associate since I have become Chair of the
Boulder Faculty Assembly and my research time
is now limited. I propose to use these and the
ILC R&D funds towards the Research

Associate if DOE accepts the ILC-BaBar fund

exchange.
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The Calorimeter
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Removal of Charged Track Hits

Extrapolatio
n of charged

tracks Charged hits

removed

Interact
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Efficiency
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Chi Square Separation, 1% order
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2 Photon Process
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Study the efficiency to observe the
electron and positron of the two photon
process above the beamstrahlung background

Essential to remove this background in the
study of Supersymmetry in the dynamic region

of low Pt. Needed to measure the masses.
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Testing GEANT 4.0

Evidence
for multiple

scattering

No field, 50 MeVimuons  No field, 50 GeV muons
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50 MeV; no field, forward 50 MeV; solenoid on, forward

Pos XY (Energy in the XY Plane) Pos XY (Enengy in the XY Flane)
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GEANT 4.0 seems to be working

properly We have fixed various bugs in
collaboration with SLAC team.

All Simulation is work in progress.
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Hardware Studies

Keith Drake, Elliot Smith
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Latest Pulse Distribution from

Photonique/Russia
SSPM module spectrum |
| 6 photoelectrons
2500 +
$e 10 photoelectrons

ADC counts

I EE———————\Uniy. of Colorado, Boulder, April 28/() i —



== = April 28/2008-ALCPG @

ILC — The International Linear Collider Project
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Our Measurements
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Events

Cosmic Rays in a 1 cm Thick Scintillator
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Icm scint
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Gain of SiPD Increases ~x4
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By time tagging we are observing the
photons arriving in time sequence. Possibility
to use this to improve resolution. Need beam tests

to check this hypothesis.
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Work still in progress. Comparison with Russian
plots indicate 100 Mhz x 4 (measuring pulse height

every 2.5 nsec) not enough resolution.

National Instruments has just released a 2
Gigahertz unit. Using our trick of x4 will allow us to
scan every 0.125 nsec. A demo is on its way here to

check whether 8 bits resolution is good enough.
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Conclusions
A new revolution in photo-detection. A lot of
improvements still possible. A lot of work to be
done in this area. If one is bold and reckless one
may say that “It may revolutionize calorimetry

resolution.”
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Conclusions
Our simulation work with the undergraduates is
moving ahead. A lot of work needs to be done

still. Need manpower help. Most of the pieces are
in place to study Z and W mass resolution.
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posterl 10/20/08 $:20 24 Fage 1

We helped with the organization
of the Linear Collider Workshop
and the various ALCPG meetings

This workshep will be an excellent opportunity for individuals new to the lineac eollider o

‘The American Linear Collidee Physics Geoup (ALCPGI will host a tws weck workshop
3 learn sbout the program an to begin active pacticipaion.

in Sncweass, Colorads, August 1427, 2005,
e wor s being organiz=d for the particle physics community o faciliae The Glokal Design Initiative ic moving ahead with 3 tme-line for the acceleraior conce
D T s ol e eport|CDR) s bl i epoc (1D} i buled ad et
understanding of the costs of the linear collider. Tn parallel, the Worklwide Study is crgan-
izing the global experimental program, with plans for detector design scudies, detector cost
studics, detector CDRs and TDRs and sooperation with sccekerator designers on the
‘machine-detector interface.
The 2005 ALCPG Snowmass Warkshop should serve to advance the detector and physics
studics and keep them in pace with the accelerator developments,
The ALCPG web page is hitp://blueox.uoregon.edus~Ic/alcpg

up to but not including Vancouver

cietn from all ragione of the woeld ars invitad and sncouraged oo participate, and the
averall stecing comumitie and working gronp conveners will include leader o all

11 To derelop the linear collider detector design sewdics with detsiled underseandicg
of the technical decails and physics didae detector concepis, 15
intertace and

well R&D, escbearn pl.
beamline instrumentation, cost ertimates, and orber aspects.

2] Toadvance the lineac collider phyrics studies, including symergy with the LHC,
cosmolopy and asti and celaticeships & che detector

design e,
31 To fasiliate and sicecgthen the broad partisipation of tbe commuity in linsar
solider physiss, detevtors, and asselecators,
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