Studies of kinematic-fit method for measurements of
H — Z vy decay using ILD detector at ILC
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Purpose and Flow

* Purpose : Evaluation of H->Z y measurement in ILC
: To improve, apply kinematic fit

* Flow
1. Evaluate photon and jet’s resolution .

2. With the resolution, apply kinematic fit to H>Z y process,
and confirm improvement.

3. Evaluate H>Z y measurement with all bkg.
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Evaluate photon’s resolution

Reconstructing method
* PFA 5
 Recombinate a max energy photon with photons

in cone (cos8=0.998) —

v

)\

/ Evaluate resolution

Y * Classified by angle 6 and energy of MC particle
A A * Made histogram
Erec™ Emer Orec™ Omes Prec™ Pme

»
»

Z * Gaussian Fitting - Resolution = standard deviation
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Evaluate photon’s resolution
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Evaluate jet’s resolution

g 2E?2

y fili = min(1 — cos 0i;)
Reconstructing method

0?2
 PFA
e Jet clustering to MC particles and reconstructed particles with Durham

\_

~N

Evaluate resolution
e Classified by angle 8 and energy of MC particle
* Made histogram

Erec™ Emer Orec™ Omes d)rec— d)mc

e Gaussian Fitting - Resolution = standard deviation

\_
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Energy Resolution

0 Resolution

Evaluate jet’s resolution
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Purpose and Flow

* Purpose : Evaluation of H=>Z y measurement in ILC
: To improve, apply kinematic fit

* Flow
1. Evaluate photon and jet’s resolution .

2. [With the resolution, apply kinematic fitto H->Z vy process,]
and confirm improvement.

3. Evaluate H>Z y measurement with all bkg.
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Newton Fitte

K
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In Newton Fitter, calculate an approximate
solution with iteration of matrix calculation with

r A
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Apply to vvqqy

,ﬁfv<qv
/ qv
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Fit object
|+ 2jets(E,0,)

7~

Constraint (Ngof=1)
* 2jet mass =Z mass
(mean =91.2 GeV. width=2.5 GeV

Breit-Wigner)

Two neutrino

¥

not use Energy conatraint and
Momentum constraint
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Apply to vvqqy
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Convergence of 2jet mass

MC, = w/ofit, = wfit
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Change of 2jets fit variables
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Change of missing mass
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Apply to qqqqy

(onstraint(Ndof= 6)

* 2jet mass =Z mass
(mean =91.2 GeV. width=2.5 GeV
Breit-Wigner)
e 2 jet+ photon mass = H mass
(125 GeV:Hard constraint)
* P,.=1,75 GeV :Hard constraint)
*  Pyt=0 :Hard constraint)
* Puo=0:
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\0 = 2.3 GeV Gaussian / 2000

(Fit objects
« 4jets (with the resolution times 1.5)
* |solated photon
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Apply to qqqqy
N\ 4 R
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Convergence of 2jet mass

MC, = w/ofit, = wfit
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Change of 4jets fit variables
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Purpose and Flow

* Purpose : Evaluation of H=>Z y measurement in ILC
: To improve, apply kinematic fit

* Flow
1. Evaluate photon and jet’s resolution .

2. With the resolution, apply kinematic fit to H>Z y process,
and confirm improvement.

3. | Evaluate H>Z y measurement with all bkg.
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Simulation set up

» Simulation set up
» iLCSoft: vO2 00 01
» Generator : WHIZARD 1.95
» Samples: Mass production sample(2012 DBD)
+ Signal sample(ete™ —» ZH,H — Zy)
» Detector: ILD full simulation (Mokka)

2019/1/18 master thesis
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Analysis flow (vvqqy)

Reconstruction (Pandora PFA)
|solated lepton veto

|Isolated photon selection

2 jet clustering : Durham
Kinematic-fit (M;=M)

. : Y
Variable cuts * Hﬁf‘f<q
. Pre-cut 4 _
X%<5.0 g
log 10(y23) =(-4.2, 0)
E”—(6O 150) [GeV]
M., = (60, 150) [GeV]
|cosB, | =(0, 0.96), |cos6;| =(0, 0.96), |cosB;,,| =(0, 0.98)
M, = (80, 170) [GeV]
M...= (70, 190) [GeV]

1. MVA(BDTG)
Pre-cut variables+E, ,Energy ratio (Isolated photon)

ook whN ~

N o Uk wNheE



Ns

Res U |t Vquy Significance = TR

In (P._P..)=(-0.8,+0.3)

Cut condition Signal 2f z1 | 4f sznusl | 4f wwsl | 4f zzsl | other bkg all bkg Significance
No cut 164.39 | 11694500 244625 | 9893620 | 771234 | 118768000 141372000 0.00909658
Particle selection 114.97 £ 0.55 279259 6841 220108 20975 2398370 | 2925550 4 8420 § 0.0672 £ 0.0003
Success kinematic-fit 114.00 £ 0.55 277420 6811 219262 20878 2375320 | 2899700 4 8384 | 0.0669 £ 0.0003
\% < 5.0 113.82 £ 0.55 174138 6348 193956 16168 1050320 | 1440930 £ 6069 § 0.0948 + 0.0005
—4.2 <log10(y23) < 0 113.69 £ 0.55 92201 6338 193936 16157 1012220 | 1320850 4+ 5984 § 0.0989 + 0.0005
60 GeV < Ej; < 150 GeV 113.21 £ 0.55 65612 6142 171961 14121 031584 | 1189420 £ 5752 f§ 0.1038 £ 0.0006
60 GeV < M;,,, < 150 GeV | 111.59 + 0.55 53456 5975 123220 11683 230380 | 424714 £ 2925 0.171 £ 0.001
[cos B, | < 0.96

[cos B, < 0.96 102.31 £ 0.53 32244 4307 85598 7857 24125 154131 £ 1044 0.261 = 0.002
| cos 0, < 0.98

80 GeV < Mj;, < 170 GeV | 101.91 + 0.53 27735 4244 73974 7423 20551 133927 + 955 0.278 £+ 0.002
70 GeV < M,.. < 190 GeV | 101.86 = 0.53 27589 4240 72041 7390 20438 131700 £ 948 0.281 + 0.002
BDTG Cut < 0.8250 51.44 4+ 0.41 192 532 676 847 112 2358 + 87 1.05 £ 0.02

w/o Kinematic-fit:1.03 £ 0.02 - with Kinematic-fit:1.05 = 0.02
In (P.P.,)=(+0.8,-0.3)

w/o Kinematic-fit:1.10 £ 0.02 - with Kinematic-fit :1.17 £0.03
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Analysis flow(qqaqy)

Reconstruction (PandoraPFA)
Isolated lepton veto

Isolated photon selection

4 jet clustering: Durham

KinematiC'ﬂt ‘\ ij=MZanjr=MHs
Event selection | P,,=1.75, P,i0:=0,
. Pre-cuts Pzt0=0
X %1 <60
log 10(y45) = (-4.4, 0), log 10(y23) = (-2.4, 0)
E;1 = (60, 150) [GeV], E;, = (40, 150) [GeV]
|cosev| = (0, 0.96), |cosBj;| = (0, 0.96), |cosBy,| = (0, 0.98)
,,v = (126, 170) [GeV]
M.,.. = (50, 180) [GeV]

Il. I\/IVA(BDTG)

Precut variables +E, ,Energy ratio(lso photon), btag2

L o ol

I



Result(qqqqy

In (P..P..)=(-0.8,+0.3)

Significance =

Ns

Cut condition Signal 2f zh | 4f ww_h | 4f zzorww_h | 4f zz_h | other bkg all bkg Significance
No cut 205.45 | 70241800 | 7835600 6526890 | 757239 | 56010200 141372000 0.0246602
Particle selection 165.88 £ 0.63 1941710 253826 211670 24267 376985 || 2808460 + 8363 § 0.0990 £ 0.0004
Success kinematic-fit 165.88 +0.63 1679350 | 253760 211584 | 24252 333194 § 2502140 + 7817 §§ 0.1049 £ 0.0004
\"% < 60 163.91 £ 0.63 783947 242115 201690 23249 81450 [ 1332450 £+ 5698 § 0.1420 + 0.0006
—4.4 < log10(y45) < 0 163.91 £ 0.63 751258 | 242100 201672 | 23223 13084 § 1231340 4+ 5524 § 0.1477 + 0.0007
—2.4 <log10(y23) <0 163.78 £ 0.63 487761 241510 201198 23126 9156 962751 £+ 4542 § 0.1669 + 0.0008
65 GeV < Ejj1 < 150 GeV 163.29 +0.63 432052 237805 198154 | 22918 5671 896599 + 4335 § 0.1724 + 0.0008
40 GeV < Ejjz < 150 GeV

[cos B, < 0.96

|cos@j;1] < 0.98 151.91 +£0.63 287558 177027 147812 17357 3990 | 633744 + 3569 0.191 £+ 0.001
|cos@j;2] < 0.98

126 GeV < E;j, < 170GeV | 151.14 £ 0.63 283939 175524 146343 17217 3801 626913 + 3549 0.191 £+ 0.001
50 GeV < M,.. < 180GeV | 150.55 +0.63 266015 168392 140367 | 16836 3801 595411 + 3441 0.195 £+ 0.001
BDTG Cut < 0.8951 48.00 £+ 0.47 1153 1007 858 1338 45 4400 + 244 0.72 +0.02

w/o Kinematic-fit:0.69 = 0.02

In (P.,P.,)=(+0.8,-0.3)
w/o Kinematic-fit:0.94 = 0.02

2019/1/18

- with Kinematic-fit :0.72 =0.02

- with Kinematic-fit :0.96 =0.02
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Total result

Total significance

w/o Kinematic fit : 1.91 £ 0.01 > with Kinematic fit - 1.98 £0.02

When H - Zy BR=0.154%,

Significance

ABR

ABR /BRgy

Upper limit(95% C.L.)
UL/BRgy,

2019/1/18

1.91+0.01 1.98 +0.02
0.081% 0.078%
52.4% 50.5%
0.287% 0.283%
1.52 1.51
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Plan

* Add new distribution for energy and momentum
* Add new object for invisible Z

 Write thesis braft without kinematic fit
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_m Z
Significance 1.91£0.01 1.98+0.02 SE—m— o
Upper limit 0.287% 0.283% "
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ATLAS - Total  Stat. only
Run 1. \s=7-8 TeV, 25 fo", Run 2: {5 = 13 TeV, 36.1 b Total  (Stat. only)

Run 1 H-4! — 12451+ 0.52 ( = 0.52) GeV
Run1H-yy | H——e—1 126.02£0.51 (=0.43) GeV
Run 2 H—4] —— 124.79 = 0.37 ( = 0.36) GeV
Run2 H—yy -—-I—c 124.93 + 0.40 ( = 0.21) GeV

CRuntezHod e T 124712080 (=030) GeV

Run 142 H—yy 125.32 = 0.35 (= 0.19) GeV
 Run1Combined | f—e—h 125.38 = 0.41 (= 037)GeV
Run 2 Combined —— 124.86 = 0.27 ( = 0.18) GeV
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5| A 1 arXiv:1806.00242 [hep-ex] my, [GeV]
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ATLAS Preliminary e Total Stat. B Syst. — SM
Vs=13TeV, 36.1-79.8 fb

m, =125.09 GeV, ly | <25
H
Total  Stat. Syst.

9gF =] 1.07 = 5o (= 0% »* og8 )
VBF —e— 1.21= o8 (= 0% .= 0p)
WH === 157 0% (= 0% . 0%)
ZH HE==H 074= i (= 03 = 051)
ttH + tH == 122+ 0% (= 017, 0%)
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Cross-section normalized to SM value

. Higgs D15 %

\%lﬁﬁ : ATLAS-CONF-2018-031
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SM : BR =0.154%
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https://arxiv.org/abs/1806.00242
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ilr  Particle Flow Calorimetry ===

* |n a typical jet : R

https://indico.desy.de/indico/event/14235/session/1/con

+ 60 % of jet energy in charged hadrons tribution/18/material/slides/Q pdf
+ 30 % in photons (mainly from 7% — yy ) é
* 10 % in neutral hadrons (mainly n and K; )

* Traditional calorimetric approach:
¢+ Measure all components of jet energy in ECAL/HCAL !

+ ~70 % of energy measured in HCAL: og/E ~ 60%/+/E(GeV)
+ Intrinsically “poor” HCAL resolution limits jet energy resolution

L | S
ﬁf. :> e 5" o

. - n ... -’
W" | v T
Ejer=Eecalt EHCAL‘ Eer= Errack *E, + E;,

* Particle Flow Calorimetry paradigm:
+ charged particles measured in tracker (essentially perfectly)
* Photons in ECAL: og/E <20%/+/E(GeV)
+ Neutral hadrons (ONLY) in HCAL

o . ) i
I /912'3’ 10 % of jet energy frommgsgﬁgsiszb much improved resolutgspn
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Kinematic-fit

Kinematic-fit
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Kinematic-fit & #0k
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Cut 0

OBJ: TCut

Cut 1

OBJ: TCut logl0(yplus)>-4.2&&1ogl0(yplus)<0
Cut 2

OBJ: TCut 1rzzJet.M()>50&&1rzZJet.M()<130
Cut 3

OBJ: TCut 1lrzZneu.M()>30&&1lrzZneu.M()<150

| n n | | z Cut 4
W O K OBJ: TCut abs (1lrzPhoton.CosTheta())<0.96&&abs(1lrzzZJet.CosTheta())<0.98&&abs(1lrzZneu.CosTheta())<0.98
Cut 5
—

OBJ: TCut 1rzAZJet.M()>70&&1rzAZJet .M()<175
Cut 6

OBJ: TCut 1rzRzZJet.M()>70&&1rzR2Jet .M()<190
Cut 7

OBJ: TCut

Cut 8

OBJ: TCut MVABDTG_LR > 0.8523

Polarization: (e-,e+) = (-0.8,+0.3)

Reduction Table

Process s other bkg 2f z 1 4f sznu sl 4f ww_sl 4f zz sl all bkg allbkg err nnh qgh Signal Sig error efficiency Signf SignfErr
Cross Section s 0 131964 12993.9 271.806 10992.9 856.927 157080 0.120176  0.325788 0.182654

Generated s 0 1.33926e+07 3.77276e+06 147517 1.96265e+06 535103 68862 99274 168136

Expected H 0 1.18768e+08 1.16945e+07 244625 9.89362e+06 771234 1.41372e+08 108.158 293.209 164.389 0.00909658

Cut0 H 0 2.39837e+06 279259 6840.92 220108 20974.6 2.92555e+06 8419.53 64.8065 50.166 114.973 0.548405  0.699394 0.0672174 0.000334884
Cutl s 0 2.32821e+06 147996 6819.92 220087 20952.1 2.72406e+06 8313.48 64.7257 50.1116 114.837 0.548273  0.698571  0.0695769 0.00034873
Cut2 s 0 899559 54540 5827.32 159523 13324.7 1.13277e+06 5640.69 64.0063 49,6381 113.644 0.547064  0.691315  0.106771 0.000578621
Cut3 H 0 391481 46767.3 5704.88 142456 11725.3 598135 3762.03 63.4431 49,4125 112.856 0.546591  0.686516 0.145909 0.000842477
Cut4 $ 0 35721 30463.3 4166.37 104545 7949.24 182845 1148.48 59.2684 46.1748 105.443 0.537108  0.641426 0.24652 0.00147468
Cut5 s 0 29941.1 27172.5 4162.05 87635.6 7479.8 156391 1041.83 59,2597 46.0912 105.351 0.536824  0.640864 0.266309 0.00162049
Cut6 : 0 29358.6 25889.2 4144.87 81828.8 7363.82 148585 1018.12 59.0706 46.0912 105.162 0.536872  0.639714 0.27272 0.00167597
Cut7 : 0 29358.6 25889.2 4144.87 81828.8 7363.82 148585 1018.12 59.0706 46.0912 105.162 0.536872  0.639714 0.27272 0.00167597
Cut8 : 0 105.663 196.487 505.128 629.841 876.335 2313.45 85.6471 30.6508 19.2109 49.8617 0.400272  0.303316 1.02567 0.0202924




logl0(yplus)>-4.2&&10gl0(yplus)<0

1rzzJet.M()>50&&1lrzZJet.M()<130

1rzZneu.M()>30&&1lrzZneu.M()<150

W/O K F I I I ' q q v |2 | . abs (1lrzPhoton.CosTheta())<0.96&&abs (1lrzzZJet.CosTheta())<0.98&&abs (1lrzZneu.CosTheta())<0.98
E—— H

1rzAzJet.M()>70&&1rzAZJet.M()<175

1rzRzZJet.M()>70&&1rzRZJet.M()<190

MVABDTG_RL > 0.7898

Polarization: (e-,e+) = (+0.8,-0.3)

Reduction Table

Process : other bkg 2f z 1 4f sznu sl 4f ww_sl 4f _zz sl all bkg allbkg err nnh qqgh Signal Sig error efficiency Signf SignfErr
Cross Section : 0 74578.6 10377.9 92.4997 758.383 467.188 86274.5 0.0660065  0.220026 0.113589

Generated : 0 1.33926e+07 3.77276e+06 147517 1.96265e+06 535103 68862 99274 168136

Expected $ 0 6.71207e+07 9.34009e+06 83249.7 682544 420469 7.76471e+07 59.4059 198.023 102.23 0.00674165

Cut0 s 0 1.07975e+06 224417 2658.99 15279 11487 1.3336e+06 4950.37 35.6633 33.6938 69.357 0.339722 0.678443  0.0600575 0.000314573
Cutl s 0 1.02598e+06 113467 2657.74 15277.8 11460.5 1.16884e+06 4794.44 35.6263 33.632 69.2583 0.339527 0.677477  0.0640591 0.000340402
Cut2 s 0 567713 41990.4 2261.52 11264.8 7112.89 630343 3678.72 35.2827 33,3515 68.6342 0.338754 0.671372  0.0864427 0.000495604
Cut3 : 0 249855 36042.4 VYLK 10037.5 6093.1 304272 2462.84 35.114 33.1625 68.2765  0.338177 0.667874 0.123763 0.000791494
Cut4 H 0 13159.7 24247.8 1642.34 7504.69 3954.04 50508.6 632.098 32.8342 30.7903 63.6246 0.330713 0.622369 0.282923 0.00229917
Cut5 : 0 10800.2 20897.6 1640 6336.8 3664.02 43338.5 574.086 32.8337 30.7122 63.5459 0.33043 0.621599 0.305023 0.00256543
Cuté6 s 0 10467.4 19934 1632.74 5903.98 3579.55 41517.7 563.239 32,7886 30.7122 63.5009 0.330439 0.621159 0.311409 0.00265899
Cut7? s 0 10467.4 19934 1632.74 5903.98 3579.55 41517.7 563.239 32,7886 30.7122 63.5009 0.330439 0.621159 0.311409 0.00265899

Cut8 : 0 14.3162 103.67 235.477 146.448 550.509 1050.42 45.1067 19.7065 16.4683 36.1748 0.265286 0.353858 1.09742  0.0241136




H logl0(yplus4)>-4.4&&10ogl0(yplus4)<0&&logl0(yplus)>-2.4&&1logl0(yplus)<0
H BH1rzZ1.M()>30&&BH1lrz21.M()<140
w/0 KF qaaqy LR Eresss
— H abs (1lrzPhoton.CosTheta())<0.98&&abs (BHlrzZ1.CosTheta())<0.98&&abs(BH1lrzZ2.CosTheta())<0.98
BH1rzAZ.M()>80&&BHLrzAZ.M()<170

BH1rzRZ.M()>100&&BH1rzRZ.M()<210

MVABDTG_LR > 0.9238

Polarization: (e-,e+) = (-0.8,+0.3)
Reduction Table

Process s other bkg 2f z h 4f ww_h 4f zorw h 4f zz h all bkg allbkg err qgh Sig error efficiency Signf SignfErr

Cross Section s 62233.5 78046.5 8706.23 7252.1 841.376 157080 0.228282

Generated 1.38953e+07 3.17329e+06 1.10906e+06 1.13101e+06 501975 99274

Expected H 5.60102e+07 7.02418e+07 7.8356e+06 6.52689e+06 757239 1.41372e+08 205.454 0.0246602

Cut0 : 376985 1.94171e+06 253826 211670 24266.7 2.80846e+06 8363.34 165.883 0.627021 0.8074 0.0989819 0.000402109

Cutl 76702.9 1.08378e+06 253126 211111 24127.8 1.64885e+06 6138.08 165.742 0.627101 0.806711 0.129068 0.000544205

Cut2 H 41303.9 753541 249349 207914 23704.5 1.27581e+06 5201.09 164.884 0.627575 0.802535 0.145968 0.000630182

Cut3 : 27209.2 620390 249094 207725 23617.4 1.12803e+06 4813.27 164.848 0.627594 0.802362 0.1552 0.000677254

Cut4 21063.8 470223 209472 175807 20148 896714 4190.45 156.678 0.631024 0.762593 0.165441 0.000770246

Cut5 s 16082.1 406937 207131 173403 19955.5 823509 3982.91 156.45 0.63109 0.761486 0.172385 0.000810656

Cuté : 15206.9 394939 205411 172036 19837.3 807430 3935.81 156.308 0.63113 0.760794 0.173935 0.000820229

Cut? 15206.9 394939 205411 172036 19837.3 807430 3935.81 156.308 0.63113 0.760794 0.173935 0.000820229

Cut8 H 28.8189 706.855 715.14 632.828 1213.85 3297.49 197.132 39.8869 0.433596 0.19414 0.690442  0.0217135

Cut9 : 28.8189 706.855 715.14 632.828 1213.85 3297.49 197.132 39.8869 0.433596 0.19414 0.690442 0.0217135




logl0(yplus4)>-4.4&8&10gl0(yplusd4)<0&&logl0(yplus)>-2.4&&1logl0(yplus)<0

BH1rzZ1.M()>30&&BH1rzZ1.M()<140

w/o KF qgaqy_RL CHs—

abs (1lrzPhoton.CosTheta())<0.98&&abs(BHlrzZl.CosTheta())<0.98&&abs (BHlrzZz2.CosTheta())<0.98
BH1rzAZ.M()>80&&BH1rzAZ.M()<170
BH1rzRZ.M()>100&&BH1rzRZ.M()<210

MVABDTG_RL > 0.8914

Polarization: (e-,e+) = (+0.8,-0.

Reduction Table

Process s other bkg 2f z h 4f ww_h 4f zorw h 4f zz h all bkg allbkg err qgh Sig error efficiency Signf SignfErr

Cross Section s 38491.5 46214.8 600.369 564.949 402.98 86274.5 0.154085

Generated s 1.38953e+07 3.17329e+06 1.10906e+06 1.13101e+06 501975 99274

Expected : 3.46423e+07 4.15933e+07 540332 508454 362682 7.76471e+07 138.677 0.0224726

Cut0 s 239337 955524 17571.6 16586.7 11936.2 1.24095e+06 4862.79 111.677 0.405969 0.805305 0.100246 0.000413951

Cutl 25217.7 494471 17529.8 16536.6 11858.6 565614 3379.71 111.573 0.406024 0.804559 0.14834 0.000698344

Cut2 s 12943 313667 17274.8 16255.6 11655 371795 2680.45 110.901 0.406373 0.799708 0.181852 0.000934539

Cut3 : 7968.75 247512 17255.4 16229.7 11601.6 300568 2374.94 110.873 0.406387 0.799508 0.202197 0.00108936

Cut4 5812.39 172748 14611.8 13723.7 9781.22 216677 1972.14 105.406 0.40847 0.760084 0.226388 0.00135266

Cut5 : 4718.92 149502 14461.4 13559 9683.71 191925 1837.75 105.184 0.408529 0.758484 0.24003 0.00147913

Cut6 4501.48 145425 14348.1 13450.1 9636.79 187362 1813.27 105.069 0.408559 0.757658 0.242669 0.00150574

Cut7 s 4501.48 145425 14348.1 13450.1 9636.79 187362 1813.27 105.069 0.408559 0.757658 0.242669 0.00150574

Cut8 : 28.918 315.275 399.367 454.709 989.788 2188.06 91.765 44.2664 0.341176 0.319206 0.936906 0.0205412

Cut9 28.918 315.275 399.367 454.709 989.788 2188.06 91.765 44.2664 0.341176 0.319206 0.936906  0.0205412
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