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Introduction

In the photon energy calibration, photon energy can be reconstructed
using measured direction of y and u-, u* or additionally muon mass

information in the ete

— — y/. process.

Using similar energy reconstruction methods, jet energies in the eTe™

— v/, /. — 2Jets can |

he reconstructed.

If the jet energies can |

be correctly reconstructed, the eTe™ — yZ process

1s useful for the jet energy calibration.
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Shift to the 250 GeV analysis

> In order to perform 250 GeV analysis, we decided to use DBD samples
instead of 500 GeV samples until new sample 1s validated.

To make things clear, overlay removal by MCTruth link 1s implemented.
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Full simulation

(ILCSOFT version v01-16-02)

Event Selection

Signature of the events: 1 energetic photon + 2 jets

In order to choose the signal photon,

1. choose neutral particles with particle ID = 22 (Pandora PFA ID)

2. energy > 50 GeV

3. choose the particle closest to 108.4 GeV

If another photon 1s 1nside the cone (with the angle cosf > 0.998 from the
signal photon), 1t 1s merged with the signal photon.

Jet Clustering

All PFOs other than the selected photon are clustered into 2 jets

with Durham algorithm (done by LCFIPlus)

The higher energy jet (in PFO) 1s defined as “jet 1” and lower one as “jet 2”
For comparison with MCtruth, all final state particles from 2 quarks are
clustered into 2 jets



Jet Energy Reconstruction Method

Basic 1deas: apply momentum conservation
Inputs: measured jet directions and mass and photon
directions

Method 1: Use 3-momentum conservation and ignore ISR
USing (OJI,OJZ,OV,(PJI,(PD,(PV,) -> Determine (PJI,PJ2,Py)

Method 27: Use transverse momentum conservation and
ignore ISR /Use measured Py as input
Using (051,012,0y,911,952,¢y,Py) -> Determine (Pj1,Pr2)

Method 2: Use 4-momentum conservation and consider ISR
/Use measured Py as input
Using (051,012,0y,011,012,0y,my1,my2,Py) -> Determine (Pj1,Pj2,Pisr)

Method 3: Use 4-momentum conservation and consider ISR
and solve the full equation
Using (051,012,0y,011,012,0y,mj1,mp2) -> Determine (Pj1,Pj2,Py,Pisr)
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Photon energy & Mz distribution

photonEMC:mzgen
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MC jet energies distribution
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Method comparison of jetl E difference
for correct photon selection events
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Photon energy bias in DBD

photonEANI-photonEMC
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Photon energy bias in DBD

Difference of
E’Y (PFO_MC) photonEAnI-photonEMC:photonEMC {abs(photonthetaAnl-photonthetaMC)<0.01}
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Photon phi bias in DBD

photonphiAnl-photonphiMC
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Method comparison of jetl E difference
for correct photon selection events
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Method comparison of jetl E difference
for correct photon selection events
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Reconstruction Method

Method 3: Consider ISR and solve the full equation
Using (051,012,0y,011,012,0y,mj1,my2) -> Determine (Pj1,Pj2,Py,Pisr)

sinf j1cosd g1 sinf jacosd e  sinb.cose.,
sinfyi1sind 1 sinbjasing o sinb,sing.,
cost 11 cost jo cost.,

Matrix A Inverse

The first equation (1) becomes a quartic equation of |Pisg|.

-> 8 Possible Solutions!
(2 direction options of ISR x 4 solutions for each quartic equation)
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Problem: unexpected bump
in reconstructed jet energy

Method 3 Jetl energy distribution
M3j1E {abs(photonthetaAnl-photonthetaMC)<0.01}
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Sum of the M3 Reconstructed Energy

Reconstructed /P?% + m?, + /P2, + m%, + |Py| + |Pisr]

h100
— Entries 311675
10° = Mean 254
= RMS 23.77
10* ==
10° =
10° =
10 ==
"B ["H| | | | |
200 250 300 350 400 450 500 [GeV]



22

Reconstruction Method

Method 3: Consider ISR and solve the full equation
Using (051,012,0y,011,012,0y,mj1,my2) -> Determine (Pj1,Pj2,Py,Pisr)

sinf j1cosd g1 sinf jacosd e  sinb.cose.,
sinfyi1sind 1 sinbjasing o sinb,sing.,
cost 11 cost jo cost.,

Matrix A

Inverse
The first equation (1) becomes a quartic equation of |Pisg|.

-> 8 Possible Solutions!

(2 direction options of ISR x 4 solutions for each quartic equation)
The first equation (D is an irrational equation!

-> We should be careful when removing radicals /73, +m3% and P}, +m3, .
(Extraneous roots!!)
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Reconstruction Method

Method 3: Consider ISR and solve the full equation
Using (051,012,0y,011,012,0y,mj1,my2) -> Determine (Pj1,Pj2,Py,Pisr)

sinf j1cosd g1 sinf jacosd e  sinb.cose.,
sinfyi1sind 1 sinbjasing o sinb,sing.,
cost 11 cost jo cost.,

Matrix A

Inverse
Modified criteria to choose the best answer

, , (i) Real and positive value with <Ecwm/2
Choose the solution with (i) V7L 2 >0 and VPL T 7 >0

(iii) Py1, P2, Py >0
(iv) solved Py closest to the measured P,




Problem: unexpected bump
in reconstructed jet energy

Method 3 Jetl energy distribution
Modified M3

M3Nj1E {M3sol>0. && abs(photonthetaAnl-photonthetaMC)<0.01}

Conventional M3

MB3j1E {M3sol>0. && abs(photonthetaAnl-photonthetaMC)<0.01}
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The bump disappeared.

24
h1
Entries 273021
Mean 94.84
RMS 18.3
1 J 1 (N
250 300



(M3Nj1E-j1EMC)/j1EMC {M3sol>0. && abs(photonthetaAnl-photonthetaMC)<0.01}

M3 jetl energy difference
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Summary .

> In order to perform 250 GeV analysis, we decided to use DBD
samples instead of current using samples until new sample 1s
validated.

> Photon energy has peaks at ~0 GeV and 109 GeV, and the latter one 1s
from radiative return.

> The distributions of reconstructed jet energies using Method 2 and 2’

have positive shift mainly because of the photon energy and angle
biases in PFO.

Method3 i1s the best among the 4 methods to reconstruct the jet
energy.

> Method3 had problem due to extraneous roots. The problem is fixed
and the peak of jetl energy difference becomes slightly sharper.

- For the next step, energy and angle dependences of Method3
reconstructed jet energy will be checked.



Backup
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Reconstruction Method

Based on 4-momentum conservation

e*

(B w3, /o +ml, + Py + [ Prsal = 500 T
Pjisinf j1cos¢ g1 + Prasind jocos¢ jo + Pysinfycosp + |Prsr|sina = 500sina
Pj1sinb j1sing g1 + Pyasinb j2sitng o2 + Pysinb., sing, = 0

| Pricosl 1 + Pjacost yo + Pycosl,£|Prsr|cosa =0

Beam Crossing Angle =2a : a = 7.0 mrad

e.

e ISR photon = additional unseen photon . Dire|ction ltngle
] : r angle
e Several reconstruction methods (Method 1, 27, 2,and 3) are 4. Zfi;uth:, e

considered.

Method 1: Ignore ISR
Using (0;1,012,0y,011,052,0y,mj1,mj2) -> Determine (Py1,Pj2,Py)

VP3 +m5 +/PF, +m%, + | Py | = 500
sinfl j1cosp 1 sindjacosd e sind.cosg. 500sina
sinfyi1sind 1 sindjasind o sinb. sing, — 0
cost 11 cost jo cosf. 0

Matrix A ———  fnverse
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Reconstruction Method

Method 2’: Use measured Py as input and Ignore ISR
Using (0;1,012,0y,011,052,0y,mj1,mj2,Py) -> Determine (Pj1,Pj2)

{ (sinﬁjlcosgb,ﬂ Sin9J2008¢J2> (PJ1> B (5003ina — sinﬁvcosqb,va)

sinf jisind 1 sinb jasind o ) \ Po —sinf. sing-, P,

Method 2: Use measured Py as input and Ignore ISR
Using (0;1,012,0y,011,052,0y,mj1,mj2,Py) -> Determine (Pj1,Pj2,Pisr)

sinf j18tng 1 sinb josing jo 0 = —s5ind. sing~ P,
cost j1 cost jo +chsa —cost, P,

Matrix A

sinf jicosp 1 sinbjocosdje  sina 5003ina3in97003(b7P7)

Inverse

2 solutions for each sign of Pisr
-> choose the best answer which satisfies (| better
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Reconstruction Method

Method 3: Consider ISR and solve the full equation
Using (051,012,0y,011,012,0y,mj1,my2) -> Determine (Pj1,Pj2,Py,Pisr)

( 47 47
P2 +m?%, + /P2 +m2, + |P,| + | Prsr] _500
sinfyicosp s sinb jacosdp o sinbcosd- 00 — \PISR\ Szna)

sinfji1sing 1 sindjasing o sind.,sing, PJ2
cost 11 cost jo cost.,

\PISR|00304

Matrix A —————Tnverse

The first equation (1) becomes a quartic equation of |Pisg|.

-> 8 Possible Solutions!
(2 direction options of ISR x 4 solutions for each quartic equation)




Reconstruction Method

Method 3: Consider ISR and solve the full equation
Using (051,012,0y,011,012,0y,mj1,my2) -> Determine (Pj1,Pj2,Py,Pisr)

f \/P31+m%1+\/P32‘|‘m2Jz‘|"Pv‘""‘PISR’_:ECM

5K 3K 5K K 5K K K K K K KK KK KK KK XK! KK KK KKk KKK KK H %K 5K K K K K >k 3 3 3
" o Esum « EisR «  Eji«  Enx  Eyex
5K 3K 5K 3K 5K 3K 5K 3K 3K 3K 3K K K 5K K 5K K 5K K 5K 3K 5K 3K 3K K 3K 5K 3K 5K K 5K 3K 5K K 5K 3K 3K 3K 3K 3K 3K 5K K 5K 3K 5K K 5K K 5K 3K 5K 3K K 5K K 5K K 5K K 5K 3K 5K 3K K K K K KK KK
* 2 % 366.53696 % 72.535351 % 156.96777 79.066051 x
* 9 % 298.62565 * 9.8457809 x 146.57377 118.63231 *
* 10 * 400.57065 * 1.3064283 * 203.00334 121.25753 %
* 11 % 426.27959 % 50.853665 * 152.64726 x| 88.632330 I 135.13139 x*
* 12 % 333.03742 % 66.762206 *x 141.00941 x| 42.028016 |* 84.256399 x*
* 16 * 282.4159 % 26.559148 J 16.589673'* 128.82622 * 111.20429 x*
* 19 % 279.9828 * 54.639210 * 116.56381 x 15.418981 * 94.215952 x*
* 27 % 281.90901 * 69.992376 * 136.99227 x[16.916738 |* 59.932090 x*
* 33 % 382.44162 % 35.44044L5 x 147.82023 %) 66.6721390 bk 133.36070
* 36 % 386.59473 % 54.612970 x 152.68251 *| 68.912223 |* 111.61674 *
* 50 % 279.53136 % 15.377309 * 127.38918 x 15.142176 * 122.37568 x
* 61 x 297.67282 % 13.505328 x 129.46546 * 24.207362 % 131.23656 *
* 62 x 282.14231 % 47.540821 % 134.59052 % 16.551790 * 84.42044L %
* 66 * 313.20207 * 3.2458796 x 154.15914 * 32.042931 % 124.63790 *
* 68 x 290.91970 * 17.090852 x 141.20568 * 20.714028 * 112.41749 x
* 70 x 1535.683 % 55.852535 % 714.16113 % 643.52186 * 123.50819 x
* 72 x 296.60387 * 10.071965 *x 144.07756 * 23.526305 % 119.37677 *
* 142 * 360.68284 *x 25.702743 x 145.96058 * 55.722258 * 134.05892 x
* 172 % 339.58430 * 12.741662 * 150.33482 % 45.249473 % 132.17298 x
* 177 % * * 1122.7955 % 1244.3305 *x 108.01703 x

2495.1260 20.447979
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VIR + g Fra, + RIE Pl = 500 —®

N F R - Qf "‘ fhf., \T)z |~ (JOO“I!G‘“]F\ ) |

R+ 1) (500 1Ry~ R |3 =

El should be required to be positive when solving the equation.

Now trying to implement this.
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