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Motivation

- With particle-flow based jet energy reconstruction - we can
strive to reconstruct as well as possible each jet

- Previously we have shown that applying mass-constrained fits
to the m® — 4y component of jets can improve the energy
resolution of the prompt electro-magnetic component of jets

- We have been working to extend the same techniques to
complementary sets of component particles, notably as initial
software test-cases J/1) — putu~ and n — ntm

- Justin has worked on extending the framework that previously
existed for specific instances (eg.
GammaGammaCandidateFinder, DiTrackCandidateFinder) to
not just the more complex mixed case (n — 77~ 7), but to
the general case of an arbitrary number of charged particles
and photons including error matrix propagation

)
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Introduction

- Made a MarlinKinfit processor for iLCSoft

- Uses invariant mass information to improve the overall Energy
Resolution in single decays

- Looked at the performance of mass constraints with different
particle topologies

- Looked at the benefit of multiple constraints on the system

- Code is in Justin's github for now - will port to ilcsoft soon
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Basics

Now: Applying mass constrained fits to the energy
reconstruction of P — Zf‘(:o N; + Zj:o C; decays

Where N; and C; are neutral and charged particles,
respectively

Successive decays are also allowed, each decay allows an
additional mass constraint
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LParameterization

Particle Parameterization

Charged Track
Natural track
parameterization is the helix,
including the signed
curvature Q =1/R

(d07 ¢07 Q7 Zp, tan )‘)

Photon

Photon uses a simple
parameterization

LeptonFitObject uses a (E. 9, )
different parameterization T ¢ ) ]
with & = g/pr necessary for JetFitObject

(k, 0, ¢) assuming track has
negligible (dp, zp) and vertex
at origin.
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LParameterization

Error Models

Charged Track
Parameter errors are
embodied in the track
covariance matrix
Tracks are usually well
measured, so expect 0, /K
to be O(1073)(MS)

Track angles typically
0(10™%)

Photon

Photon resolution scales
with energy, E (GeV)

Use a traditional stochastic
model

e % ©0.01 =~ 0(1072)

Angular resolution should
also scale with energy,
empirically expect resolution
on O(1073) rads

__ 0.001
706 = VE

Given relative errors. Photon energy error dominates. IF the
constraint is correct - the fit helps to reduce the photon energy

error.
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LParameterization

The MassConstraint Fitter

Processor Overview: Using the MarlinKinfit framework

developed a processor that can apply multiple mass
constraints to a set of particles.
processor finds a set of particles with a decay topology and
invariant mass consistent with the parent hypothesis
fitted parameters of parent particle are more precise
Justin used the following test cases in his Master's thesis

Vi — pp~

70—y

n—atry

n— ata—m0, 70— ¥y
We are now playing with

I/ = 7t~ KTK~

Bt = J/¢Y KT, J/vp — ptpu~ (7 set to 0)

H—putp~and H— ptu—ptu

Kt = 7atn~nt (7 set to 0)

0
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LParameterization

Walkthrough for a 1C fit

Suppose we have a mixed decay e.g. n — w77y
We want to apply a mass constraint M,, = 0.547862 [GeV]

Start with a set of reconstructed particles

f (often more than needed)
[Ci, 5] and [Ny, Ny, N3] 2 tracks and 3
photons
Next impose a mass assumption on the tracks,
the 7% mass
M+ - ¥

The set becomes: [, 77] and [y1, 72, 73]

If we have reconstructed 5 particles and need 3, which is the
correct combination?
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LParameterization

Walkthrough for a 1C fit

- Fit every combination
[+, 7 )] and [+, 7]l and
n [7%, 77 ][73]

- Use the one with the highest y? fit
probability as the best guess for the
correct combination

R - Y - Calculate fitted 1 4-vector covariance

matrix

- Store all the parameters for evaluation
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LParameterization

Walkthrough for a 1C fit

An example of a 20 GeV 7 well measured event:

6"7635 [ra d]

¢meas [rad]

Measured nE [GeV]

2.0354 £+ 0.0003
2.0721 4+ 0.0001
2.0361 + 0.0002

—2.3217 £ 0.0003
—2.3424 +£0.0002
—2.3187 £ 0.0002

20.14 £0.6

O [rad]

st [rad]

Fit nE [GeV]

Particle | Epeas[GeV] |Kmeas [GeV Y]
p 970+ 0.6
at 0.1872 + 0.0002
m —0.2583 £ 0.0003
Particle Eqt[GeV] |ksie [GeVTT]
p 9.60+0.1
at 0.1872 + 0.0002
m —0.2583 £ 0.0003

2.0354 £+ 0.0003
2.0721 4+ 0.0001
2.0361 + 0.0002

—2.3217 £ 0.0003
—2.3424 +£0.0002
—2.3187 £ 0.0002

20.13+£0.1

The photon energy error dominates the 7 resolution. The fit
essentially uses the track curvatures and the angular information to
adjust the photon energy and increase the overall precision.
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LParameterization

Walkthrough for a 2C fit

But how do we address more complicated decays?
Now suppose we have a mixed decay e.g. n — ntn 7
We want to apply a mass constraint on the 7 and 70 with
M, = 0.547862 [GeV] and M0 = 0.1349766 [GeV]

0

" Start with the same set of reconstructed

particles
\ [Ci, 3] and [Ny, Ny, N3] 2 tracks and 3

o photons
‘/ \ Again impose a mass assumption on the
v ¥

M+

tracks, the 7+ mass
The set becomes: [, 77] and [y1, 72, 73]

If we have reconstructed 5 particles and need 4, which is the
correct combination, and which 2 photons compose the 797
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LParameterization

Walkthrough for a 2C fit

- Again fit every combination, but we have
to add another layer of combinations for

the 70
n [7#7, 77][V1,72] and [T, 77][Y2, 73] and
/ l\ Tl
. o - Use the one with the highest y? fit
‘/ \ probability as the best guess for the
¥ ¥ correct combination

- Calculate fitted n 4-vector covariance
matrix
- Store all the parameters for evaluation
For different particle combinations, how is the 4-vector covariance

matrix calculated?
12 /47
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LParameterization

Covariance Matrix

With arbitrary amounts of particles the covariance calculation is
tricky

For a decay P — Y1 g Ni + 3270 G

(with the current parameterization) the fitter spits out a dimension
3(k + r) covariance matrix V

The diagonal is the variance of the particle parameters in the order
they are added to the fitter

Transforming the matrix V into a 4-vector matrix for the parent
requires a Jacobian transformation

Vo =JTVJ
Details in backup
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LParameterization

Simulation and Reconstruction of DataSets

Generator single particles with specified decay generated in
stand-alone Pythia8 with .hepevt output

- Currently using ilcsoft v01-19-04.
Detector response with ILD — 14 — v02 DDSim model

Particles are reconstructed with v01-19-04 ilcsoft standard
reconstruction

The initial reconstruction has some issues. Need to increase the
track curvature errors by 20%. Bug related to ECAL cell positions
(now fixed), so in studies shown the photon directions are smeared
around the true MC photon direction for now. ECAL energy
response is non-ideal and still needs to be carefully parametrized.
See backup “Calibration slides” for more details.
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LResults

Results

Simulated and reconstructed 9 data sets to date to test mass
constraints and pose as basic test cases for the processor

10k 20 GeV J/1p — putp~

10k 10 GeV 70 — vy

10k 20 GeV 1 — wha—ry

10k 20 GeV n — ntm~ 7% 1C & 2C

10k 20 GeV J/¢p — ntn~ KTK™

10k 30 GeV BT — J/yYK*, J/vp — ptu~ (2C)
Higgs samples discussed this morning

10k 20 GeV KT — ntr— 7™
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L Results

/Y — ptu

10k 20 GeV J/v decaying exclusively
' =0, phase space only

acceptance requires 2 tracks, a fit probability > 0.5%, and a
reconstructed mass within 0.02 GeV

Ofit/Omeas = 0.63 (histogram rms)

Jhy Reconstructed Mass hRecoMass | | [ J/v Fitted Energy | hFitEnergy
Entrig 9087
= e | B iy Fitted Energy riries
3 E Bea B/ Bl Reconstructed Energy s 2y
g a0 StdDev  D.004536 g™E StdDev 0.02017
By E Underfiow 0 Sra00- Underflow 1
2 E Overfiow 0 % E Overflow 1
420 E G20 hRecoEnergy
250 } 1000[— Entries 9087
E E Mean 20
200 8001 StdDev 0.0318
e 600— Underflow 1
E | Overflow 2
100 = 400~
sof- 200
0E: E I okt il I
208 a085 a0 ages Al 305 afl _ aiis 197 198 19.9 20 201 202 203
Mass GeV Energy GeV
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LResults

J/ = ptus

Fit probability distribution expected to be uniform

hFitProbability

Entries 9087

& Mean 0.4957

S Std Dev 0.2934
Underflow 0

Overflow 0

%2/ ndf 122.9/ 99

89.64 +0.95

Reasonable. Some outliers at low fit probability.
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[

esults

J/v — ptp~ Fit Failures

J/y Rejected Events

s
13
3

Events Per Bin
@
&
3

‘ Rejection No. ‘ Description
(1) Not enough particles to satisfy hypothesis
) No fitted covariance matrix
3) Fit probability cut not met
(4) AM = |Mpeas — M| cut not met
(5) Fit converged but particles are missing (fitter bugs)

Overall efficiency : 90.87 +0.29 %

Same key used in later slides

hrejects
Entries 913
Mean 2709

StdDev  1.167
Underflow 0

Overflow 0

45 5 55
Rejection Type
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LResults

J/ = ptus

Energy resolution degrades, before and after mass-constraint, in
the endcap/forward polar angle region

[y ucted Energy Resoluti
0.008
© Jiy Reconstructed Energy Resolution
0.008| —+—— J/y Fitted Energy Resolution 4'»

0.007 =
hjpsimeas hjpsifit
0.006 | Entries. 9087 | Entries 9087
Mean 0.4955 | Mean 0.4955
0.005|Meany  0.002564 [Meany  0.001456
“°|stdbev 02832 [StdDev 02832
StdDevy 0.01743 | Std Devy 0.009949
0.0041=
0.003
0.002— +
0.0011

+++i~w— ‘

0.9 1
lcos(®)]
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L Results

T — 7y

10k 10 GeV 7° decaying inclusively
' =0, phase space decay

acceptance requires 2 photons, a fit probability > 0.5%, and a
reconstructed mass within 0.05 GeV

Ofit/ Omeas = 0.76

«° Reconstructed Mass hRecoMass | | [° Fitted Energy | hFitEnergy
é E Entries 8142 £ 800 = Fitted Energy Entries. 8142
E Mean 01344 0 Mean 10.08
8 350 — 5 Reconstructed Energy
e [ SidDev 001182 S 7001 StdDev  0.4891
& 30— Underfiow 4 & £ Underflow 41
£ 600 —
i E ovetiow 9| E%0F Overflow 7
& 250 @ e hRecoEnergy
E E Entries. 8142
200 E 400 Mean 10.07
E E SwDev 06397
150— =
E €19e Underflow 42
100~ am) ; Overflow 2
1= 100
E ot IS I SAVE N ISR (RN R b e B, Lo AP I i S
T X R X R X T X R X X x 8 9 11 12 1
Mass GV Energy GeV
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L Results

T = vy

Remaining energy scale calibration issues may contribute to the low
fit probability excess

Rejected events largely due to unobserved particles (low energy
photons presumably from asymmetric decay)

[ hFitProbability | | [ n° Rejected Events hrejects
JEp— Entries 8142 o Entries. 1858
o Mean 0.4867 1400
& 1200} Std Dev 02047 || 2 Mean 1508
: Underflow 0 1200 StdDev  0.8968
; 110 Overflow 0 :>: Underflow 0
5 %2/ ndf 136.7 /99 1000 Overflow o
% 100 | po 80.05 +0.89
Wiyl T -
| H Al \‘Ulw hl) \W AL L)
g H UW Fi W

3
T TTTT T

45 5 55
Rejection Type
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LResults

10 GeV 70 — vy

Stochastic resolution reaches 6% (og/E = 6%/ E) for symmetric
decay (photon energies of 5 GeV, and minimum lab opening
angle). 6* is angle between a CM photon and the boost direction

CM Frame

ok
P2

=k
Py

[_=° Fitted Energy F ion |

 Fitted Energy Resolution

go.z

©0.18

——+— = Reconstructed Energy Resolution

o —— 5 4

l R hpiOmeas hpiofit

F Entries 8142 | Entries 8142

- Mean 0.4694 | Mean 0.4694

F _ Meany 01802 |Meany  0.1058

iA StdDev 02695 |Std Dev  0.2695
StdDevy 0.007887 | Std Devy 0.03511

I L L 1 L L L L L
0.1 0.2 03 0.4 0.5 0.6 0.7 0.¢

8 09 1
max{cos(0 *)}

Overall efficiency : 81.42 4+ 0.39 %
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L Results

n— TtTy

10,000 20 GeV 7 decaying exclusively
I =1.31 keV (negligible). Phase space only.

Acceptance requires 1 photons, 2 tracks, a fit probability > 0.5%,
and a reconstructed mass within 0.15 GeV

Ofit/ O meas = 0.54

[ n - =* 7y Reconstructed Mass hRecoM:

[[n = =* " yFitted Energy | hFitEnergy
5 Entries 8289 aq - Entries 6289
& - & N > yFitted Energy
3 r Moy 03498 0 | Reconstructed Energy Meany 10.08
g 500 i StdDev  0.014%8 0= StdDev  0.2463
‘; Underflow 14 & r Underflow 188
S 400 Overflow 59 Boool Overflow 7
£ —_ gk
E E “r hRecoEnergy
E Entries 6289
300, 1500{—
E Mean 2005
C SwDev 04515
200 10001 — Underflow 186
C Overflow a
100! 500~
Cns = + i C L el P L
das 05 052 054 056 058 6 062 17 18 19 20 21 2 2
Mass GeV Energy GeV
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L Results

n— atTTy

Photon energy scale problems and wrong combinations likely
contribute to low probability excess

Rejected low fit probabilities possibly contain reconstructed
“photons” from pion interactions

n — n* n” y Fit Probability hFitProbability [[n = ©* & y Rejected Events |

hrejects
R Entries 8289 < Entries. 1711
£ 120 Mean 0498 o Mean 2153
= Std Dev 0.2943 I
&1l Underflow 0 é SuDav 1012
g2 h Overflow 0 & Underflow 0
s i H 12/ ndf 123.5/99 Overflow 0

s 3
g 8
S =

m
8

)

| L L I I I I I
o1 02 03 04 05 06 07 08 09 i
Probability

N
3

3
3

45 5 55
Rejection Type
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L Results

n— TtTy

The constraint works best with low E, when the overall system is well
measured. 6" is of the . So cos 6 — —1 for lowest E,

[ n — =* "y Fitted Energy Resolution | [ n = n* © y Measured Photon Energy | hE
.18, = Entries. 8289
[Mixg 1= = % 1 Filted Energy Resolution &
% —l o 300} Mean 4528
©0.16| —%— n structed Energy Resolution ——t— >
n — = ¥ ¢ Reconstructed Energy Resoluti L : Std Dev 3346
E o &
o014 —+ 2250 Underflow 0
= - 2 Overflow o
012 T
F -+ 200
01 Eiae hetameas hetafit
E L Entries. 8289 | Entries 8289 C
0.08— —— Mean 0.008992 | Mean 0.008992 150—
e Meany 0.1121  Meany 0.01704 L
£ R StdDev 05693 [StdDev 05633 E
00eI= Sk StdDevy 0.04949 |StdDevy 0.01224 w=
E -+ L
0.04— E
B 50—
0.02— e — — c
S | I I I L I L 1 C L L
T 08 06 04 02 0 02 04 06 08 18 20
cos(8 ) Energy GeV

Overall efficiency : 82.89 +0.38 %
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L Results

n—atnw

0 70 — 4y 1C

10k 20 GeV 7 decaying exclusively and 7% decaying inclusively
= 1.31 keV, phase-space only

Acceptance requires 2 photons, 2 tracks, a fit probability > 0.5%,
and a reconstructed mass within 0.15 GeV

4 particles are constrained to the 7 mass

Ofit| O meas = 0.82

[n=>n 7 21CH Mass hF [ n > =* © n° 1C Fitted Energy hFitEnergy
Entries 7348 Entries 7348
& 500 5 1 - =* © x° 1C Fitted Energy]
0 Mean 05495 I — Reconstructed Energy Mean 20,03
g StdDev  0.02003 g StdDev 04759
s s [
5 400 Underflow 1 e r Underflow 218
2 Overflow 37 é 800[— Overflow 9
5 L
@ wa hRecoEnergy
300» r r Entries 7348
C 600(—
| Mean 20.06
200— i L StdDev  0.5752
[ L 400— Underflow 218
C . 1 E Overflow 3
100/— 3 200—
C el a[L DO I C L I
046 048 05 052 054 056 058 06 062 064 17 18 22 2
Mass GeV Energy GeV
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L Results

0

, 0 — 4y 1C

n—atnw

70 decay asymmetry makes reconstructing 4 final state particles
more tricky

The efficiency is low. Overall efficiency: 73.48 +0.44 %

Consistent with estimate of 74% based on J/1 and 7° efficiencies

[n = =* = =° 1C Fit Probability | hFitProbability | | [ > =* = «° 1C Rej Events | hrejects
_ Entries 7348 Entries. 2652
& [ Mean 0.4835
& Std Dev 0.2981 Cm e
B Underflow [ Stdev 1018
2 Overflow 0 Underflow 0
2120 %2/ ndf 188.4 /99 ovetiow 0

*4 ) + 716 +08
”"HHlHW M jl J | A I % Ly ‘h H m I e L H

40—

| L L I I I I I L
o1 02 03 04 05 06 07 08 09 i
Probability
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LResults

n — ntaad

, 0 — 4y 1C

6* is angle between CM 79 and boost axis

Performance is fairly even for all 79 energies

[ n = n* n n° 1C Fitted Energy F ion |

o1
|u™ 11— = % = 1C Fited Energy Resolution
u"(‘) ——#—— - = ¥ = 1C Reconstructed Energy Resolution ==
C +
C "
01— —+
L =
E —
0.08— ——
F ——
—+—
0.06

i

PN P A AR AR A
i 08 06 04 02 0 02 04 06 08
cos(0 %)
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L Results

0

, 0 — yy 2C

n—atnw

10k 20 GeV 7 decaying exclusively and 7% decaying inclusively
Exactly the same events as the 1C fit

4 particles are constrained to the 7 mass and the 2 photons
constrained to the 70 mass

Ufit/ameas =0.65

| n = =* « 2°2C Reconstructed Mass hRecoM [ n > =* © n° 2C Fitted Energy hFitEnergy
Entrie 1! Entries 6156
5 50— nirles o156 5 N — = x 1° 2C Fitted Energy e
e Mean 05488 @ 4ol - Reconstructed Energy Mean 2002
8§ 400 StaDev 001861 2T F SdDev 03215
] . S X
S s [
= | s
30 Underflow 0 Sra00f— Underflow 74
2 | Overflow 2 g r Overflow 3
§ 300! _ e -
@ w000 — hRecoEnergy
250/ C Entries. 6156
f o= Mean 2003
200/ o
Eoo = StdDev  0.4943
150, C Underflow 73
400 Overflow 2
100) £
50; 200 oy
of . C L L P |
046 048 05 052 054 056 058 06 062 064 §7 18 19 20 21 22 2
Mass GeV. Ener
3% /a1
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[

esults

0

n— atar 0, 7% = 4y 2C

Now 1000 events don't converge in the fitter, these are expected to
be wrong combinations, so, additional constraints may be
eliminating false positives

The efficiency is lower still. Overall efficiency: 61.56 4 0.49 %

- - —
hFitProbability [ n -~ ¢ P Rejected Events
Entries 6156

< = T T T T 3
[ Mean 0.497 1600 AR |
- E AN ]
Q120 Std Dev 0.2964 £ NN 1CRejected Events | J
N 1400 ) \ - -
3 Underflow Q E AN 2% 2C Rejected Events |
] Overll 0 £ NN ]
£ ertlow 12001~ N E
z 100 32/ ndf 160.7 /99 £ NN ]
I E M Nk N q
pd 59.95 +0.77 1000 NN A ik -
E AN Nt ik ]
i AN N ne ]
£ AN N ne 1
[ AN N E

800 M it it
F AN et ik ]
£ AN N ik ]
= AN N ne ]
00l NN N ik -
£ NN it nt ]
i AN et i 1

NN et ik
E AN N ik ]
00l NN N nne 3
= NN ny n ]
£ AN N N 1
£ NN et NN ]
ol AN N ik -

AN N n
E AN N ik ]
iz N N NN ]
£ A NN A o

Eo ) ) ) it aces o Comrgence ConProsity i Rmsiutd ass i
01 0z 03 04 05 06 07 08

0s 1
Probagiliy
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L esults

n — 7tr=7% 7% — 44 1C/2C Comparison

Performance from 1C to 2C is much better by a factor of ~ 1.67

Some evidence resolution may get better at higher 7° energies?

| n - 1 m 1 2C Fitted Energy ‘ hRecoEnergy2c | n - 1 1w 1 2C Fitted Energy Resolution ‘
Entries. 6156 0.1,
< = 1 - w ¥ 2C Fined Energy Resolution
o n - 70 2C Fitted Energyl Mean 20.03 +0.006339 % ———— 0 - 1 ™ 2C Reconstructed Energy Resolution| "
Biaod - 2C Reconstructed Energy StdDev  0.4943 + 0.004482 o ——&—— 0. w1 Reconstructed Energy Resolution| =
E 16 Fitted Energy oot . 0.12) —se— 4 P1c Fited Energy Rosolution g
1700 - -+ - 1C Reconsiructed Energy Overflow 2
s hFitEnergy2c -
Ha000~ Entries 6156 —o0a0ss < o00r2r
C Mean 20.02 +0.004124
8001— StdDev  0.3215 +0.002916 001485 + 00001348
£ o
C Underflow 74 - oos20n
600 Overflow 3 C
C Ex
400~ F
200 [y
17 18 2 23 I 08 -06 -04 -02 0 02 04 06 08 1
Energy GeV' cos(8%)
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LResults

BT = J/Y K" J/v — ptu~ 2C

B+ - J/y K+ default description ——remg—
> T T T T T T Entries 8897 1
3 F Enties. 8897 F Mean 30
= 1400~ Mean 5279 Std Dev 005069
9 F St Dev 0008649 Underflow 2
2 £ A verflow
5 1200 e 6336837147 ey sars
i E Consiant 1208576 + 18371
= Mean 5.279191:+ 0.000060 = hRecoEnergy
1000— Sigma__ 0.005356978 + 0.000055604 - Entries. 8897
= = Mean 30
. | Std Dev 0.07338
800[— — Underflow 32
C 1 Overflow 24
= 1 integral ssa1
600— -
400~ =
200~ — Hﬂ
[ T N
.23 524 525 526 527 528 529 5.3 531 532 533 294 296 298 30 30.2 304 306
Measured Mass (GeV)
oM = 54 |\/|eV Secondary peak looks to be events fitted as 3u ....fixme
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LResults

Kt > atn ot 1C

20 GeV K™ artificially decaying at origin. Why? Estimate of potential
Mg+ measurement in low Q-value mode. PDG error is 32 ppm (scale
factor of 2.8 ... disagreements in kaonic atom X-rays). A limiting factor
for some potential p-scale channels

K+ - T TE T+

> 1 hRecoMa: K — T 7E e
S o00 Enves ! , , , , hFitEnergy
S E Mean 0T § r Entries 9103
3 800 sy oooits | i =
2 e g = Mean 19.998544
5 £ X 1ot ssizesios | S jo00|—
4 700 Constant woassza1irasa | B F StdDev 0035350074
E vean oasasersz00000002 | & r
600E- sama_ oooomsesnos soooooosswzs | U gopl hRecoEnergy
so0F. E| F Entries 9103
E E F Mean 19.998502
E = 600—
4001 B N Std Dev  0.03583632
300 3 L ]
E 3 400(— —
200/~ — L ]
100~ = 200~ 4
Bl I o I I L 3 S B
0.486 0.488 0.49 0.492 0.494 0.496 05 r L | . 4
Measured Mass (GeV) 198 1085 199 1095 20 2005  20.1 20.2

2015
K+ Energy (GeV)

om = 0.86 MeV. So 17.4 ppm
statistical error with 10,000 events _—
like this 33 /47
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LSummary

Conclusions/Work-In-Progress/Outlook

Mass constraints are a powerful tool in improving energy
reconstruction and resolution for decays

General tool has been developed - should be useful for many
applications

Promising results for a variety of test cases

Working on adding new test cases and improving performance
Working on extending the implementation to work well for
multi-generational constraints using tree-based book-keeping
Working on more robust rms estimates and polishing plots
Will redo with ilcsoft v01-19-05

Eventually will want to integrate this approach with vertex
constraints

Code currently in Justin's github. (Jphsx/constrainedFitter)
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Backup Slides
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Mass Constraints

How do we improve the 4-vector measurements?

- Suppose a particle decays to a set of particles P — p;

We can describe each particle in the decay with arbitrary
measured parameters p;(&;, o;)

Build a x? consisting of & and true parameter estimator éj
5‘—5' 2

_ X2 — Zi Ej ( JUjZJ)

Lagrange Multiplier method allows us to apply constraints

G = M= (X ,(EarBa))’

The %2 then becomes

_£)2
- =55 1 TG
J
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_£N2
- X2 =) 7(51026]) + MG
J
- Minimization produces new estimates for each parameter

along with new estimates for each parameter error

- Add up newly fitted particles to get a better measurement for
the parent particle

- Recalculate parent errors based on more precise fitted
covariance matrix

How to easily perform constrained fitting?
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MarlinKinfit

MarlinKinfit - a kinematic fitting package
Consists of three pieces
- a fitting engine to solve our x? equation

- a constraint to apply to the fit
- a FitObject to store the parameter information for each

particle

Fitting is easy, just build up FitObjects for each particle in the
event, associate particle subsets to the MassConstraint, add
the Objects to the fitting engine, and get new fitted values

However FitObjects rely on a hardcoded parameterization
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Covariance Matrix

V,=JTVJ

The Jacobian J contains all of the 4-vector parent parameters
derivatives w.r.t to each parameter.
Since there are k + r particles we construct a submatrix and

concatenate them together to form J

Charge particle submatrix Photon submatrix example:

example:
aP, 9P, 9P
P, 9P, 0P, 9E, 00 0¢
dr 00 09 op, 9P, 0Py
oP, 9P, 0Py 9E, 90 99 (2)
Ok 96 9¢ (1) oP, 0P, 9P,
P, 0P, 9P, 9E, 00 0¢
ok 00 0¢ 9E  OE  OE
OE O0E  OE 9E, 00 04

Ok 00 09
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Covariance Matrix

The resulting parent covariance matrix is the following:

2
O'PX

2
Op
. 3)
O'PZ
o

This information and all of the other relevant parameters are
stored on special data structures for analysis.
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Workflow

Here is an overview of the data pipeline for the p rocessor

Histogram
Class
Updated LCIO | |——»] Cuﬂsatsr:im || |ROOT Analysis | | ,f generae ROOT file
P Fitter TTree TreeClass

Loop /

Class

But we are actually missing 3 processors used in this workflow
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Workflow

There are two upstream calibration processors that adjust the
reconstructed particles, one for tracks and one for photons

LCIO
MCParticle Track Phaton
Filter Calibration Calibration

| /7

Updated LCIO
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L Calibration

Calibration

Calibrations are done mostly from (upcoming) data sets used in the fitter
To test charged tracks 10,000 20 GeV J/¢ — utu~ were used

The efficiency is less than 100% because there are some cuts present
Pulls shown are for (k, 0, ¢) with Smess —Egen

T meas
| Jiy il Measured and Generator Pull Distributic ‘ | Jy i Measured and Generator Pull Distri
c 400 ‘hmeasgen_ChargedPulls_part_0_param_1 R _ hmeasgen_ChargedPulls_par_0_param_2
a b Entries 8958 g Entries 8958
S 350 Mean 0.008873 S 50— Mean -0.003262
& F Std Dev 1.077 & F Std Dev 1073
£ 300 Underflow 8 2 300 Underfiow 8
§ 001 £ 300
& F Overflow 16 g E Overflow 8
250 ¥/ ndf 141.9/91 250[— 2/ ndf 109.6/89
E Constant 3445 £ 4.7 E Constant 3435 £47
200 Mean 0.01326 +0.01087 200 Mean ~0.006671  0.010931
E Sigma 1.018 +0.009 E Sigma 1.026 +0.009
150 — 150~
100 00—
50— 50—
= n b E L I
5 4 3 = 1 0 1 2 3 46,-0.8 5 4 3 2 0 1 2 3 40,08
5
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L Calibration

Calibration

The & distribution is a little wide, increasing the error of Q =1/R
by 20% gets the variance closer to unity

[ Jly Uncali Measured and Generator Pull Distribution | [ Jly Calibrated and Pull Di
- hmossgon_ChargodPulls_par 0_param 0 . - hmessgen_ChargedPulls_parl0_param 0
o En= Entries 8958 B a5l Entries 9087
g [ Mean 001198 s Mean 001213
& pspl Std Dev 1.276 & sl Std Dev 1.098
g Underflow 19 £t Underflow 12
& Overflow 17 i, F Overflow 1
200~ 2/ ndlf 155.4/96 =L 22/ ndf 169.8/91
C Constant 287.6 +4.0 C Constant 346 £ 4.8
ol Mean  0.01241 001300 gy Mean  0.01077 +0.01088
= Sigma 1.216 +0.011 E Sigma 1.025 +0.009
L 150(—
10— E
E 100—
s0— =
L o PR RN I U B B Tl P I I I B s
%4 s =2 - [ T8 dkxg o4 8 2 T Z 3 deyng
5
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L Calibration

Calibration

The photon calibrations come from 2 datasets (1) 10,000 10 GeV Single
photons that where generated uniform in ¢ and cos# and (2) 10,000 10
GeV 7%'s decaying inclusively (98% )

Here are the single photon angular pull distributions

[ Uncalibrated Single Photon Theta Pull | hthetapull Uncalibrated Single Photon Phi Pull hphipull
c = Entres 9610 e = Entries 9610
& 400 & [
~ E Mean 2601 ~ F Mean 2882
S as0C StdDev 2685 = SwDev 2974
B350 2 SE X
é E Underflow 33 éSDO; Underflow 240
HEHE Overflow 8 i F Overflow 211

E 250
250 =
200 200~
150E- e
mof— 00—

50— 50—
Ernan I L | | | | 1 E
0 8 -6 -4 -2 0 2 4 6 86, - 010 10
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L Calibration

Calibration

Uncovered an important bug in the ECAL simulation, need to resimulate
all of the photon directions based on the used error model

Calibrated Single Photon Theta Pull | Calibrated Single Photon Phi Pull
Entries. 9610 phipul
£800F= - OETy 5800 Enftries 9610
8 [ ®m [ Mean 0.004735
s_ E SudDev jloz s F Std Dev 1.033
Fk= Underflow 3 s Underflow 43
2 [ p— 4 > Overflow 35
2 oF 2 sool— 2/ ndf 47.05/46
S 2 ndt 27.9/42 e Constant 4295
o Jetant 759.8 + 9.6 aE gean 0.0001855 = 0.0102936
E | igma 1.002 £ 0.00;
EmE Mean  0.005578 : 0.010262 EmE =
E Sigma 1.006 + 0.008 E
400 400
300/— 300—
200f— 2001~
100— 100—
E ! ! I | | | | | I E ! ! I I | |
0 8 6 -4 -2 0 2 4 6 8 0,- 00 o 8 6 4 2 0 2 4 6 80,010
So )

By construction these are now in perfect agreement with the error model,
and allow easy study of alternative resolution possibilities.
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L Calibration

Calibration

The energy pulls for both single photons and 7%s
[ Uncalibrated Single Photon Energy Pull | Uncalibrated n° Measured and Generator Pull Distribution

REpul ‘messgen_NeutralPull_part_1_parem_0
= Entries 9610 5 350 ?
800 Mean 0.1746 2™ Entries 7996
s E Std Dev 1.128 s Mean 0.394
5 Underflow 118 5 30— Std Dev 1.064
9 700 Overflow 0 &k
g r it 1857 /69 g r Underflow 45
& 600 Constant 731699 £ 250 Overflow 0
E Mean 0.2003 + 0.0107 £ 22/ ndf 130.4/83
E Si .015 £ 0. E
500{— = 1015 2 0.009 200 Constant 307.3 +4.4
E C Mean 0.4165 +0.0117
400F- = Sigma 1.014 +0.009
E 150 —
300f— C
E 100
200 =
100 50 E
= | L | | Brcand] Ol snnLonanllnnnnnonllosen )
0 8 6 -4 -2 0 2 4 6 s 4 9 2 A 0 1 2 3 4E, £,
Ean.

46 /47



Improved Particle Energy Reconstruction with Generalized Mass-Constrained Fitting

L Calibration

Calibration

The single photon energy is reasonable, but the 70 clearly has a bias, the
inconsistency in the energies signifies the need for calbrations sensitive to
energy scale. Not enough time to implement this so reduced all photon
energy by 5%

Calibrated 7° Measured and Generator Pull Distribution

hmeasgen_NeutralPuls_pari_|_param_ 0

& 30 Entries 8142
s F Mean -0.05749
& 3w Std Dev 1.085
£ Underflow 44
5 250 Overflow 0
72/ ndf 162.6 /83

r Constant 3072 +44
Mean -0.03204 +0.01188

Sigma 1.031 £0.009
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