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SUPERSYMMETRY STUDIES
Began working in 1994. g g
Began working with undergraduates in 1996. First
report by students in 1998 Presently we work withreport 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 webp p

http://hep-www.colorado.edu/SUSY

Univ. of Colorado, Boulder, Oct.. 2007
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Beam Calorimeter Studies

Two photon processTwo photon process
cross sectioncross sectioncross sectioncross section

about  10about  1055 larger thanlarger than
SUSY  cross section.SUSY  cross section.
Serious source ofSerious source offf
background  for SUSYbackground  for SUSY
if not taggedif not taggedif not tagged .if not tagged .

Univ. of Colorado, Boulder, Oct.. 2007

Pointed out by our group around 1998Pointed out by our group around 1998
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2 Photon Process2 Photon Process
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Lumi CalLumi Cal

--7 mrad ent.7 mrad ent.

7 mrad exit7 mrad exit

Beam CalBeam Cal
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S l id fi ld k h lSolenoid field keeps the low energy 
charged particle in the forward direction. 
Beam hole is at 7 mrad. Need to add an x field 
component to move low energy charged co po e t to ove low e e gy c a ged
particles in the 7 mrad direction. Anti-DiD
di l fi ld d b A d i S idipole field proposed by Andrei Seryi.

Univ. of Colorado, Boulder, Oct.. 2007
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Beamstrahlung e+e- pairs.
Energy deposited in 
0.25 x0.25 cm2 cells.

Univ. of Colorado, Boulder, Oct.. 2007
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Outside Beam PipeIntegrated pIntegrated

Energy into the Beam Pipe is ~TeV

Univ. of Colorado, Boulder, Oct.. 2007
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Shower in Beamcal from 2 γ process aloneS f γ p

head-on view side viewhead on view side view

Univ. of Colorado, Boulder, Oct.. 2007
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head on view side view

beamstrahlung

l f 2electron from 2γ process
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Clustering Cuts in Depth and Energy, Example 1Clustering Cuts in Depth and Energy, Example 1
Beamstrahlung +

Electron from 2-photonBeamstrahlung Alone

Cut 30 mm

Univ. of Colorado, Boulder, Oct.. 2007
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Clustering Cuts in Depth and Energy, Example 2Clustering Cuts in Depth and Energy, Example 2
Beamstrahlung +

Electron from 2-photonBeamstrahlung Alone

Univ. of Colorado, Boulder, Oct.. 2007
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Clustering Cuts in Depth and Energy, Example 3Clustering Cuts in Depth and Energy, Example 3
Beamstrahlung +

Electron from 2-photonBeamstrahlung Alone

Univ. of Colorado, Boulder, Oct.. 2007
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Fraction of Energy Observed within a f gy
Radius of 0.5 cm of Electron Path

No clustering cuts With clustering cuts

Univ. of Colorado, Boulder, Oct.. 2007
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Fraction of Energy Observed within aFraction of Energy Observed within a 
Radius of 1.0 cm of Electron Path

No clustering cuts With clustering cuts

Univ. of Colorado, Boulder, Oct.. 2007
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Fraction of Energy Observed within aFraction of Energy Observed within a 
Radius of 2.0 cm of Electron Path

With clustering 

No clustering cuts

cuts

Univ. of Colorado, Boulder, Oct.. 2007
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Fraction of Energy Observed within aFraction of Energy Observed within a 
Radius of 3.0 cm of Electron Path
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sensorssensors

on the whole beamcal

Over a cylinder of  radius of 25 mm

Univ. of Colorado, Boulder, Oct.. 2007
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sensors

F ll dFull detector

Full DetectorFull Detector
with clustering
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Energy observed as a function of distance from center of beampipeEnergy observed as a function of distance from center of beampipe

Univ. of Colorado, Boulder, Oct.. 2007
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Energy resolution of the reconstruction of the electrons  from 2-photon  
events including the effects of beamstrahlung

Univ. of Colorado, Boulder, Oct.. 2007
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Work to be Done
Optimize signal to Background.Optimize signal to Background.
Check all our Calculations.
Fi d th l i t h i th t d thFind other analysis techniques that reduce the 
beamstrahlung fluctuations and hence improve the 
signal resolution.
Study the effect of this analysis on SUSY signal. S y ff f y SUS g
Missing Pt limits.

Univ. of Colorado, Boulder, Oct.. 2007
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S d f S i ill C l iStudy 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 ofare offset in alternate layers. We are making now a  great deal of        

progress.

Univ. of Colorado, Boulder, Oct.. 2007
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γγ s are well separateds are well separated

5 cm5 cm

100 G V

00 l ll l

100 GeV
100 GeV

ππ0 0 mostly low pmostly low p
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Geometrical ArrangementGeometrical Arrangement

Worst separation
5 cm

gg

Scintillator Scintillator 

·
1.25 cmPanelsPanels

···φ
0      0.5    1.0
0.25    0.75
·····φ

θ
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Best separation
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Track Following into the CalorimeterTrack Following into the CalorimeterTrack Following into the CalorimeterTrack Following into the Calorimeter

Low momentum curlers

Univ. of Colorado, Boulder, Oct.. 2007
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Cluster Correlation with Charged Tracks Success Probabilityg y

Univ. of Colorado, Boulder, Oct.. 2007
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The ChiThe Chi Square StructureSquare StructureThe ChiThe Chi--Square StructureSquare Structure

h d i d i i h ilμi = average photon energy deposited in ith tile
σi  = standard deviation in the energy deposition
Hij = σi σj

χ2 = Σ (xi – μi )Hij (xj – μj )
-19

χ (xi μi ) ij (xj μj )

where x is the energy deposited by the shower being

i,j =1

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

Univ. of Colorado, Boulder, Oct.. 2007
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We are now in the middle of trying to separate f y g p
photon clusters by means of the chi-square 
method. Hard problem. Crucial aspect of 
pattern recognition and calorimeter resolution.pattern recognition and calorimeter resolution.

Univ. of Colorado, Boulder, Oct.. 2007
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Fitted γ direction from shower energy distribution
Z R 50 GeV20 GeV Z vs R

Univ. of Colorado, Boulder, Oct.. 2007
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Study of the Characteristics of y f f
Silicon Photomultipliers

Univ. of Colorado, Boulder, Oct.. 2007
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N Sili Ph DNew Silicon Photo-Detectors

Bias VoltageBias VoltagePhotonique, SAPhotonique, SA
~40 volts~40 volts

Photonique, SAPhotonique, SA
Pulsar, Russia Pulsar, Russia 

++
Moscow EngMoscow Eng

2mm2mm

Moscow Eng. Moscow Eng. 
Physics Physics Inst.Inst. Scintillator

f

Univ. of Colorado, Boulder, Oct.. 2007

performance
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2mm scint cosmic rays2mm scint., cosmic rays            
20 < t < 70 nsec 0 < t < 200 nsec

5 photo elec. Similar 
resolution

8 photo elec. 

Univ. of Colorado, Boulder, Oct.. 2007
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Sipm attached to the center of surface of the scintillator tilep f f f

Univ. of Colorado, Boulder, Oct.. 2007
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New Nat. Inst. PHA

Univ. of Colorado, Boulder, Oct.. 2007
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S i l B d ISpecial 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.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

in Colorado for ILC R&D work.
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Because ILC R&D funds become available inBecause 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$5 K

1 year travel costs from Colorado to SLAC
$5 K$5 K 

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

Univ. of Colorado, Boulder, Oct.. 2007
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The University has contributed to my researchThe University has contributed to my research
a total of $38 K towards support of a Research 
Associate since I have become Chair of theAssociate since I have become Chair of the 
Boulder Faculty Assembly and my research time
is now limited I propose to use these and theis now limited. I propose to use these and the 
ILC R&D funds towards the Research 
Associate if DOE accepts the ILC BaBar fundAssociate if DOE accepts the ILC-BaBar fund
exchange. 

Univ. of Colorado, Boulder, Oct.. 2007
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M d l
The CalorimeterThe Calorimeter

Modules 
Each module  = ~12 tons

Univ. of Colorado, Boulder, Oct.. 2007
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Removal of Charged Track HitsRemoval of Charged Track HitsRemoval of Charged Track HitsRemoval of Charged Track Hits

ExtrapolatioExtrapolatio
n of chargedn of chargedn of charged n of charged 

trackstracks Charged hits Charged hits 
removedremoved

TrackTrack
InteractInteract

Univ. of Colorado, Boulder, Oct.. 2007

Jason Gray, Jiaxin Yu
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Pattern Recognition of ShowersPattern Recognition of ShowersPattern Recognition of ShowersPattern Recognition of Showers

Chris Geraci

Univ. of Colorado, Boulder, Oct.. 2007
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Chi Square Separation, 1Chi Square Separation, 1stst orderorderq p ,q p ,

100 GeV 100 GeV ππ00

Odd layersOdd layers
Sarah Moll

Joseph ProulxOdd layersOdd layers Joseph Proulx

100 GeV 100 GeV ππ00

Even layersEven layers

Univ. of Colorado, Boulder, Oct.. 2007
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2 Photon Process2 Photon Process

ee+                              +                              ee++ Very forward Very forward 
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Discussion in Beam Cal section at endDiscussion in Beam Cal section at end
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S d h ffi i b hStudy 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 massesof low Pt. Needed to measure the  masses. 

Univ. of Colorado, Boulder, Oct.. 2007
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Testing GEANT 4.0Testing GEANT 4.0Testing GEANT 4.0Testing GEANT 4.0

Evidence Evidence 
for multiple for multiple 
scatteringscattering

air in beam pipeair in beam pipep pp p

Univ. of Colorado, Boulder, Oct.. 2007
No field, 50 MeVmuonsNo field, 50 MeVmuons No field, 50 GeV muonsNo field, 50 GeV muons
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50 MeV, no field, forward50 MeV, no field, forward 50 MeV, solenoid on, forward50 MeV, solenoid on, forward50 MeV, no field, forward50 MeV, no field, forward , , f, , f

Solenoid field Solenoid field 
shrinks mult Scatshrinks mult Scatshrinks mult. Scat.shrinks mult. Scat.

Univ. of Colorado, Boulder, Oct.. 2007
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Beamstrahlung Distribution with Solenoid + AntiBeamstrahlung Distribution with Solenoid + Anti--DiDDiDBeamstrahlung Distribution with Solenoid  AntiBeamstrahlung Distribution with Solenoid  Anti DiDDiD

No beam pipesNo beam pipes Beam pipesBeam pipes
Entrance ExitEntrance ExitEntrance   ExitEntrance   Exit

DifficultDifficult region to detectregion to detect
2 photon process2 photon process

Univ. of Colorado, Boulder, Oct.. 2007
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GEANT 4 0 b kiGEANT 4.0 seems to be working 
properly We have fixed various bugs inp p y f g

collaboration with SLAC team. 

All Simulation is work in progress.All Simulation is work in progress.

Univ. of Colorado, Boulder, Oct.. 2007
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Hardware StudiesHardware StudiesHardware StudiesHardware Studies

Keith Drake, Elliot Smith

Univ. of Colorado, Boulder, Oct.. 2007
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L T T f S i Fib S biliLong Term Tests of  Scint. Fiber Stability 

Univ. of Colorado, Boulder, Oct.. 2007



FERMI-ALCPG07
ILC – The International Linear Collider Project

L P l Di ib i fLatest Pulse Distribution from                    
Photonique/Russiaq

6 photoelectrons6 photoelectrons6 photoelectrons6 photoelectrons

10 photoelectrons10 photoelectrons

Univ. of Colorado, Boulder, Oct.. 2007



FERMI-ALCPG07
ILC – The International Linear Collider Project

Pulse National InstPulse National Inst..

..
..
...

8 pe
3 pe 1 pe

Scan every 2.5 

Univ. of Colorado, Boulder, Oct.. 2007

nsec
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Our MeasurementsOur MeasurementsOur MeasurementsOur Measurements

Bl LED
6 photo-elec.

Blue LED, 

10nsec, 2.5 volts drive

50 nsec gate

Univ. of Colorado, Boulder, Oct.. 2007
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1 t 10 2 d 101st 10 nsec 2nd 10 nsec

3rd 10 nsec 4th 10 nsec3rd 10 nsec 4th 10 nsec

Univ. of Colorado, Boulder, Oct.. 2007
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C i R i 1 Thi k S i illCosmic Rays in a 1 cm Thick Scintillator
20 < t < 70 nsec 0 < t < 200 nsec

1 pe
poorer 

resolution

2pe
4pe4pe

Univ. of Colorado, Boulder, Oct.. 2007
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1cm scint

10 < t < 20 30 < t < 4010 < t < 20 30 < t < 40

40 < t < 50
60 < t < 7060 t 70

Univ. of Colorado, Boulder, Oct.. 2007
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P l H i h TPulse Height versus Temperature
Gain of SiPD Increases ~x4 f

Noisy SiPD
Could not detect peaks

300 C-300 C

Needs to be repeated with

Univ. of Colorado, Boulder, Oct.. 2007

New SiPDs; noiseless
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2 mm scint

10 2010 < t < 20 30 < t < 40

40 50 60 7040 < t < 50 nsec 60 < t < 70 nsec

Univ. of Colorado, Boulder, Oct.. 2007
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B i i b i hBy time tagging we are observing the 
photons arriving in time sequence. Possibilityp g q y
to use this to improve resolution. Need beam tests 
to check this hypothesis.                    

Univ. of Colorado, Boulder, Oct.. 2007
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W k till i C i ith R iWork 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 
Gi h t it U i t i k f 4 ill ll tGigahertz 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.               

Univ. of Colorado, Boulder, Oct.. 2007



FERMI-ALCPG07
ILC – The International Linear Collider Project

C l iConclusions
A new revolution in photo-detection. A lot ofp f
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 calorimetrymay say that It may revolutionize calorimetry 
resolution.”

Univ. of Colorado, Boulder, Oct.. 2007
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C l iConclusions
Our simulation work with the undergraduates isg
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.in place to study  Z and W mass resolution.

Univ. of Colorado, Boulder, Oct.. 2007
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Our ILC Funding RequestOur ILC Funding RequestOur ILC Funding RequestOur ILC Funding Request

Restore the 50% of a postdoc which we got funded the 1st year.
Simulation has been held up as a result of this loss.
$10 K to purchase the 2 2Gigahertz National Inst. Units
$4 K to purchase a scope.p p
$20 K requested by Fermilab to develop 2 mm. extruded scint.
technology. Necessary to develop calorimeter unit for beam   
tests.tests.
$10 K to develop with Photonique a 3 SiPD unit with a common
readout

Univ. of Colorado, Boulder, Oct.. 2007
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We helped with the organization
of the Linear Collider Workshop
and the various ALCPG meetingsg
up to but not including Vancouver 

Univ. of Colorado, Boulder, Oct.. 2007


