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This 1s one of my favorite

events from the 5 GeV

photon sample which we
ave studied a lot



(GEANT4)

 Reminder that the ECAL resolution is too large in at least
some of the simulations that have been carried out.

e See
http://heplx3.phsx.ku.edu/~graham/sid ECAL G4.pdf

 Not sure what the status is on this, but | suspect it’s still
not really resolved ? Could be mitigated by burning lots
of CPU ....



http://heplx3.phsx.ku.edu/~graham/sid_ECAL_G4.pdf

Clustering Studies (Eric)

See writeup and code at
http://heplx3.phsx.ku.edu/~eric/project-code/

Using Fixed Cone and Nearest-Neighbor Clusterers.
Studies of parameters for photon-finding.

— Reject conversions before ECAL In studies
Energy and position resolution studies.

Transverse discriminants.
— Mass



http://heplx3.phsx.ku.edu/~eric/project-code/

Fixed Cone Clustering

We measured a clustering “efficiency” for a given cone
angle, as the fraction of photons which resulted in at most
k o of the actual deposited energy escaping the cone,
where o Is the expected EM resolution.

eRaw over eMax ncells>10

sidmay05

5 GeV single photon.

f= E(6=0.06 rad) / E (6=n)
k=1.0 k=0.5 k=0.25




Fixed Cone Clustering

We measured a clustering “efficiency” for a given cone
angle, as the fraction of photons which resulted in at most
k o of the actual deposited energy escaping the cone,
where o Is the expected EM resolution.

For photons, fixed cone algorithim:

Energy (GeV)




Cluster Mass for Photons

5 GeV photon

. Cluster cor

gauss
Ertries :
Mean :

auss
amplitude :
mean :

0.04




Angular Resolution Studies

5 GeV photon at ”
90°, sidmay05 @

detector.

:::::
ampliiude ;. 427 AB2T.TT
e - - E-£+1.238E-5
slgma : E-&:5.57E-&

Phi resolution of

0.9 mrad NB. ¢

using cluster residual

CoG. - differs

=> 0., resolution Sy
g LEeis from O

of 2 mrad Is

reasonable for B-field ?

spatially resolved Sws omw oo oz o oow

photons.



Longitudinal HMatrix

Developed by Norman Graf.

Compare observed fractional energy deposition per layer with the
average behavior of an ensemble of photons including correlations.

Current default implementation has a measurement vector with 31
variables: 30 fractional energies per layer and the logarithm of the
energy.

Method: calculate, x> = DT M-t D where D is the difference vector, D
= (X; — X,,e) (1=0,30) and M is the covariance matrix of the 31
variables.

We’re investigating the performance and are in a position to support
development of other discriminants using the same technique, eg a
transverse HMatrix.

— Using FixedCone Clustering with 6=60 mrad.

Currently it’s a leading candidate for the photon-ID in the PFA,
where high efficiency Is a must (also see Steve Kuhlmann’s talk).



Hmatrix Performance

5GeV
photons, 90°,
sidmay05

20 GeV
neutrons, 900,
sidmay05




Hmatrix Performance

log of probahility

5 GeV
photons, 90°, f neutrons, 90°,
sidmay05 : sidmay05




Using =¥ mass constraint to improve
particle flow ?

StUdy promptEd by IOOking at http://heplx3.phsx.ku.edu/~graham/gww_sid_july27.pdf
event displays like this one of

a5 GeV nlin sidmay05
detector. )

Here photon energies are (3.1,
1.9 GeV), and clearly the
photons are very well
resolved.

Prompt =%’s make up most of
the EM component of the jet
energy.



http://heplx3.phsx.ku.edu/~graham/gww_sid_july27.pdf

Plot

77
http://heplx3.phsx.ku.edu/~graham/lcws05 slacconf gwwilson.pdf
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v, %, n° rates measured at LEP
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Investigating ©° Kinematic Fits

Standard technique for n%’s is to apply the mass
constraint to the measured yy system.

Setting aside for now the combinatoric assignment
problem in jets, | decided to look into the potential
Improvement in 7 energy measurement.

In contrast to “normal ECALS”, the Si-W approach
promises much better measurement of the yy opening
distance, and hence the opening angle at fixed R. This
precise 6 ,measurement therefore potentially can be
used to |mprove the =¥ energy resolution.

How much ?, and how does this affect the detector
concepts ?



Methodology

* Wrote toy MC to generate 5 GeV n® with usual isotropic
CM decay angle (dN/dcos6* = 1).

e Assumed photon energy resolution (c¢/E) of 16%/~E.
e Assumed y—y opening angle resolution of 2 mrad.

» Solved analytically from first principles, the constrained
fit problem under the assumption of a diagonal error
matrix in terms of (E,, E,, 2(1-cos0,,)), and with a first
order expansion.

— Note. m*=2 E, E, (1 - cosO,,)

(1 n® kinematics depends a lot on cos6*. Useful to define
the energy asymmetry, a = (E;-E,)/(E,+E,) = cos6*.



¥ mass resolution

» Can show that for o¢/E = ¢,/\E that
Am/m = ¢, N [(1-a2) E ;] @ 3.70 A0,,E .\ (1-82)

So the mass resolution has 2 terms
1) depending on the EM energy resolution
11) depending on the opening angle resolution

The relative importance of each depends on (E_,, @)



¥ mass
resolution

Plots assume:
c, =0.16 (SID)
AB,, = 2 mrad

Contribution to dm/m

=
I

ot
w

=
¥

pi0 mass resolution contributions

0.9

Asymmetry
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Fit quality

Probability
distribution flat (as
expected).

a = (E;-E))/(E +Ey)

Spike at low probability
corresponds to
asymmetric decays
(|aj=1). I think I need to
iterate using the fitted
values for the error
estimation ....

pi0 kinematic fit
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n¥ energy
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pi0 kinematic fit
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n° energy
for |a] < 0.2

pi0 Kinematic fit
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Position resolution from simple fit

Neglect layer O (albedo)

Using the first 12 layers with hits
with E>180 keV, combine the
measured C of G from each layer
using a least-squares fit (errors
varying from 0.32mm to 4.4mm).
Iteratively drop up to 5 layers in
the “track fit”.

Position resolution does
Indeed improve by a
factor of 5 In a realistic
100% efficient algorithm!

1 GeV photon, G4 study (GWW)
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5 GeV =¥, 4 times better 6,, resolution

S GeV pil, 0.5 mrad opening angle resolution
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n¥ energy resolution improvement

S GeV pil, 0.5 mrad opening angle resolution

Dramatic !

Factor of 2 for
ALL asymmetries.
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n¥ energy resolution improvement

5 GeV pi0, 0.5 mrad opening angle resolution

la| < 0.2

Entries
Mean
RMS

Constant

Mean
Sigma

Improves by a
factor of :
0.35/0.065. | R

Entries

l.e. a factor of 5! i

Mean
Sigma

Epio0 fitted

0.1106E-01
0.3478 & 0.8270E-02

301
1035
5.010
0.6796E-01
1746 / 6
3778 £
5.008 £+ 0.2072E-02
0.6455E-01 + 0.1815E-02




¥ 1-C Fit Conclusions

1 Y constrained fit has a lot of potential to improve
the =0 energy resolution.

« Will investigate in more detail actual y—y
separation capabilities.

— Puts a high premium on angular resolution if this is as
useful as it looks.

* Looks worthwhile to also look into the assignment
problem.

* May have some mileage for reconstructing the
n¥’s in hadronic interactions.



Talk Summary

o Several topics developed over the summer.

 Now up to speed on some of the
reconstruction software. Together with
Carsten Hensel, we expect to be able to
contribute to several interesting topics
during Snowmass.



Backups
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emcal stochastic
91 GeV
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pi0 kinematic fit

n® energy for
0.4<[a| < 0.6
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pi0 kinematic fit

n° energy
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20 GeV 1V, same resolution
assumptions

20 GeV pi0 study
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¥ mass
resolution

Plots assume:
c, =0.16 (SID)
AB,, = 2 mrad

pi0 mass resolution contributions

0.6 0.7 0.8

Asymmetry

0.9




20 GeV n°, same resolution assumptions

20 GeV pi0 study

Epi0 fitted
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= No significant
Improvement.

(as expected)
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