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The Very Forward Calorimetry Collaboration

see: PRC R&D 01/02 (2002) <’&
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SUPERSYMMETRY STUDIES

“  Began working in 1994.
%  Began working with undergraduates in 1996. First
report by students in 1998. Presently we work with
5 to 8 students per year. Most stay with us through 3
years. Involved about 50 students to date.

% Reports presented on the web
http://hep-www.colorado.edu/SUSY

Univ. of Colorado, Boulder, Oct.. 2007
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Beam Calorimeter Studies
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Two photon process
cross section

about 10° larger than
SUSY cross section.
Serious source of
background for SUSY

if not tagged .

Pointed out by our group around 1998

Univ. of Colorado, Boulder, Oct.. 200/
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2 Photon Process
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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.

anti-DID for SiD
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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

Beamstrahlung e*e pairs.
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Integrated

Total beamstrahlung energy distribution up to 100 GeV

total energy contributed by particles (GeV)
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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 A side view

Univ. of Colorado, Boulder, Oct.. 200/
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head on view side view
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Beamstrahlung Tile Energy
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Clustering Cuts in Depth and Energy, Example 1
Beamstrahlung +
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Clustering Cuts in Depth and Energy, Example 2
Beamstrahlung +
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Clustering Cuts in Depth and Energy, Example 3
Beamstrahlung +
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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
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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
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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 (with cuts)
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Observed Energy Deposited or SeNsor s
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Observed Energy Deposited on | SENS0rs

observed deposited energy (GeVW) total deposited energy
O energy seen within 25mm

s+ @' energy seen with clustering

" 27, expected energy curve (tot )
expected energy curve 5 )
expected energy c%}é‘;)

6T 2,

Z,
27 Ya,,
:0" ,?0 Q?l{p
.81 C/Z[ o_/'e
6T ‘P’e,.l- ‘fgl
L4+ 0& %

2T
O
8T
.6
AT
2T
O
8T
.6
-4
2

0O f f 1 i |
9] 50 100 150 200 250
incident energy (GeVW)

Full detector ~.

“[ull Detector

with clustering

OO0 00OREFEEENNNNNWWWWWLA

——— niv. of Colorado, Boulder, Oct.. 200 7 i —



AL
! 1
i e
i i\

= FERMI-ALCPGO7/

— ILC - The International Linear Collider Project

Energy observed as a function of distance from center of beampipe

aidad9216aida — Deposited Energy vs. Distance from Beampipe
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Energy resolution of the reconstruction of the electrons from 2-photon
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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.

Univ. of Colorado, Boulder, Oct.. 200/
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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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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Distances to Nearest Gammas (Percentage) (500GeV e+e- to 2Z)
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Geometrical Arrangement
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Track Following into the Calorimeter
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The Chi-Square Structure

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

H;:.= o; o;
9 -1
X'=2 (06— p)Hj; (- ;)

ij =1

where x;is the energy deposited by the shower being
tested in the ith tile.

I Un]V. of Colorado, Boulder, Oct.. 2007
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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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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® RZ dps ® RZ dps
= line jminuit fi = line jminuit fi
= rZLineMC = rZLineMC
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i

New Silicon Photo-Dettors
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LED Frequency vs. SiPM Frequency (log-loqg)
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2mm scint., cosmic rays
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Most Probable Values (Coulombs)
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Sipm attached to the center of surface of the scintillator tile
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@
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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.

Univ. of Colorado, Boulder, Oct.. 2007
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ILC — The International Linear Collider Project

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
$5 K

1 year travel costs from Colorado to SLAC
$5 K

The total award from ILC R&D is $53 K

I Un]V. of Colorado, Boulder, Oct.. 2007
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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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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The Calorimeter

Modules
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Interact

Removal of Charged Track Hits

Extrapolatio
n of charged

tracks Charged hits

removed

I Un]V. of Colorado, Boulder, Oct.. 2007



Efficiency
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Chi Square Separation, 1* order
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2 Photon Process
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Univ. of Colorado, Boulder, Oct.. 200/
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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.

Univ. of Colorado, Boulder, Oct.. 200/
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Testing GEANT 4.0

Pos XY (Energy in the XY Plane) Pos XY (Enemy in the XY Plane)

Evidence
for multiple

scattering
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Univ. of Colorado, Boulder, Oct.. 2007
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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 Plane)
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a0

a0

70 70
&0 80
50 50
40 40
30 30
20 20
10 10
4] 8]
-10 -10
-20 -20
- - d field
Solenoid fie
-40 -40
L4
- - shrinks mult. Scat.
-80 -60
-70 =70
-80 -80
—&0 -40 -20 0 20 40 80 &0 100 —80 -40 —20 0 20 40 80 a0 100
The X axis (mm) The X axis (mm})

I Un]V. of Colorado, Boulder, Oct.. 2007



FERMI-ALCPGO7 @iy

ILC — The International Linear Collider Project
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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.

S’

I Un]V. of Colorado, Boulder, Oct.. 2007
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Hardware Studies

Keith Drake, Elliot Smith

I Un]V. of Colorado, Boulder, Oct.. 2007
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Long Term Tests of Scint. Fiber Stability
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Our Measurements
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i

Events

Cosmic Rays in a 1 cm Thick Scintillator
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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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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ILC — The International Linear Collider Project

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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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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.”

I Un]V. of Colorado, Boulder, Oct.. 2007
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ILC - The International Linear Collider Project

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.

I Un]V. of Colorado, Boulder, Oct.. 2007
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Our ILC Funding Request

> Restore the 50% of a postdoc which we got funded the 1* year.

Simulation has been held up as a result of this loss.

$10 K to purchase the 2 2Gigahert; National Inst. Units

$4 K to purchase a scope.

$20 K requested by Fermilab to develop 2 mm. extruded scint.

technology. Necessary to develop calorimeter unit for beam

tests.

» $10 K to develop with Photonique a 3 SiPD unit with a common
readout

Y YV VY

I Un]V. of Colorado, Boulder, Oct.. 2007
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oster] 10/23/04 3:20 A Tage 1

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

up to but not including Vancouver

The American Linear Colider Physics Group {ALCPG) will hest a two weck workshop
7, 2005,
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Pl ok b, rioic B e el i iy o0 S

cise from all cegians of the work are invitsd ©
ovesall i woski i

liear. program. Particle physi-
e, and the

Thia workshop will be an exsellent op porcuniy for individunls new b the incar ollider t2
learn sbaut the program and to begin active participation.

“The Glokal Desiga Initiative is moving abad with a time-ine for the acseleratoe soncep-
ual design repart (CDR) and technical design repoee (TDR), inchuding detsied and reliable

from 2l

To develop the lineas collides decestor design sdies with decailed undesscandiog
of the wchnical decails and physics performanc of candidate detector conceps, a3
well a3 the required fururs R&D), testbeam plans, machine-deecetor inteface an
beamline instrumentation, coat etimates, and ocher sapects

To advance the lincae collider physics srudics, including synergy with the LHC,
commections to cosmology and sstraphysics, and eelaticoships t the detecror

To facilitae and scrcrthen the beaad participation of the cmmusity in fivear
collcer physics, detectors, and accelecators.

eving (Organi

the linear collider. In paralll the Worklwide Srudy is organ-
izing the global expecimental program, with plans for detctoe design suodics, deteszor ot
tudies, detector CDRs and TDRs and conperation with accelerator designers on the
machine-deecctor inrerface

“The 2005 ALCPG Snawmass Werkshop shauld serve m advance the detestor and physics
studics and keep them in pace with the acoclerator developenents
The ALCPG web page is http:i/bluesx uoregon sdu/- Ic/alepy

ation Commitesdl

ACCELERATOR
Robert Aymar CERN EXECUTIVE COMMITTEE Philip Burrews University of Londan
Sergio Benolucci Frascati Ed Berger Argonne National Laboratory Eckherd Elen DESY
Jonathan Dorfan SLAC [ George Gollin Univeraity aflincia
Hesheng Chen HER Beijng Jim B University of Orogon Thomas Himel SLAC
Fred Gilman Caregiz Mellon Univarsity Sally Dawsan Brackhoven Nationsl Labarsery  Shekhar Mishra Fermilat:
Paul Grannis StoanyBrask Universi Roif Hever D Fitchie Pattarscn Comell Universiy (chair)
Sotouhi Cxoki Braokhaven Naticnal Laboratory  Douid Willer Universicy stsc
Alan Sherte: TRILME Hetionl Laberatery Uiiel Nausnberg University Colorado at Devid Rubin Comell University
Alexsndsr Shringky Nevezitireh Boulder ea-chiir) Teshiski Touchi KEK
Hee Sung Sang Seul il stcnsl Urivarsity etk Oreglis University of Chinago Miches! Woods SLAC
Wy Tigner Comell University Huvanbae Park Seoul National University
o Totzuka KEK Ritahis Pacterson Cornell Univer PHYSICS
oesY Vichac! Peskin 5 Jonothan Femg UG Invine
Wil Witherell Farilab Witoshi Yamammato Tohoky University Rohind GodbolsTata Inct,
Haman Gra SLAC
DETECTOR Houie Haber UC Sants Crue
e Alexandzr Comell University Keoms Hagivara KEK
Phiip Earnbde Crsay Joe Lykien Fermilat:
Ties Belike CE: Michasl Peskin SLAC (chas)
Tizisno Camporesi CERN Jomea Stiing Durham University
b Jarce SLAC Fick Vo Koten Univarsity of Indians
Dean Karlen University of Vitaris Feter Zerwas DESY
Akiya Miyamots KEK
Mok Oceglin University of Ghiangotchair)
Warry Weerts Mizhigan State University
Sotona¥amoshita University of Tkye
C 5
s R To register visit: alcpg2005.colorado.edu

——— niv. of Colorado, Boulder, Oct.. 2007 i —

b

_ee ncarsolliver.ors



