SiD

Total Higgs Width from
ee-2ZH, H-ZZ*
@E_ =250 GeV




Inputs

Z

r

Ecm(GeV) mHiggs (GeV) Processes Event Weight Lumi (Tb-1) Pol. (% e/ %e™) Mixed Nevents
250 2000 all SM_background 250 -BO/+30 2,822, 661
250 +80/-30 2,058,374
250 2000 eviW _eed vvZ semileptonic 250 -B0/+30 2,030,078
250 +80/-30 1,485,507
250 2000 higgs_ffh_zz 250 -80/+30 120,000

250 +B0/-30 120,012

dloi3/slcio/reco/~ || S/
, / g_lcsim-2.9 pandora.slcio



ftp://ftp-lcd.slac.stanford.edu/ilc4/DBD/ILC250/higgs_ffh_zz/

Topologies

7

higgs_ffh_zz -80e- +30e+ 018 SLIC-v3r0p3_geantd4-vorSpl QGSP _BERT sidloi3 lesimTracking lcsim-2.9 pandora.slcio-flav.slcio

[ gammalE=1.3421 status=Intermediate) gammalE=.018825 status=Intermediate)
[* gammalE=.081287 status=Intermediate) gammalE=1.4878 status=Intermediate)
[ e-(E=46.709 status=Intermediate) mu-(E=48,367 status=Intermediate)
[ e+(E=64,186 status=Intermediate) mu+(E=60.933 status=Intermediate)
< hO/HO1(E=136.92 status=Intermediate) v hO/HO1(E=138.96 status=Intermediate)
< hO/HO1(E=136.92 status=Intermediate) - hO/HO1(E=138.96 status=Intermediate)
I Zo(E=86.447 status=Intermediate) P ZolE=45.666 status=Intermediate)
[* Zo(E=50.470 status=Intermediate) [» ZolE=93.293 status=Intermediate)

[ gammalE=2.7756E-14 status=Intermediate) gammalE=1.4452E-5 status=Intermediate

[ gammalE=1.4775E-5 status=Intermediate) gammalE=5.8498E-8 status=Intermediate)
I nu_e(E=47.906 status=Intermediate) | ulE=80.005 status=Intermediate)
I nu_e bar(E=51.523 status=Intermediate) Z u_bar(E=30.779 status=Intermediate)
< hO/HO1(E=150.99 status=Intermediate) ' hO/HO1(E=137.89 status=Intermediate)
< hO/HO1(E=150.99 status=Intermediate) < hO/HO1(E=137.89 status=Intermediate)
P ZolE=128.37 status=Intermediate) [ ZolE=108.89 status=Intermediate)
P ZolE=22.613 status=Intermediate) [* ZolE=28.993 status=Intermediate)




Steps

)

6 jettopology:

* Find 2 exclusive jet pairs giving mass most consistent
with m(2)

* Find pair that gives mass most consistent with m(H)
when combined with the rest of the event

e 4 jet topology:
* Find jet pair giving mass most consistent with m(Z)
 Form candidate m(H) from this and the rest of the event
« Select topology giving best m(H)

« Will add missing energy cuts and vertexing quality cuts

y 4




e+e' N ZH’ H_ZZ*
best of 4/6 jet topology -

FAIR:/H mass from best pair from & jets FAIE: Jbest H mass from 4 jets FAIR: fbest H mass from 4 jets or & jets
46— Entries . 483 40 Entries | 483 55— Entries ;483
ean : 10767 Mean ;. 166 84 Mean : 116 64
ms: 33.080 38T Rms: 98580 Rms: 27.651
I6T S0 _
34T
24 _ 45
30T T
_ 40__
28T T
26T Tl 35+ .
24T m i T
22T T 0+
20T gl ulil I i
18T i - 25T
161 nH BT mil
14__ T 1| o H T ] 2(:'__
1271 1 T T
NN 15+
10T _
8__ -1 I I Isill I I ll:l——
5+ i | | il |
4__ T "i} | - 5__ -
1 l I
0 -+LLELE ; ; 0 HI ; ;
0 50 100 150 200 250 0 50 100 150




all_ SM_background
best of 4/6 jet topology
(NOT welighted yet)

P

FAIR: /H mass from best pair from & jets FAIE: /best H mass from 4 jets FAIE: /best H mass from 4 jets or & jets
30— Entries : 358 24— Entries :  3%8 26— Entries :  3%8
_ Mean : 97.953 Mean 463 82 Mean : 106.97
18+ Fms . 42.512 372+ Fms . F&.20% 34T Fms . 37627
26+ 30T ]
28T - -
24T o
26T _ ;
22T
24T
20T T
- —_ —— 22__ —
18T - 20+
1o _ 18+
147 T il 16T
12 4 14__ _ i I
I | I 12+
10T Il _ m _
_ | | 101 _
8__ _ —_ b
; | i I a4 il |
51 ] (I | i 1]
H 6T n H
T T - 4T | | |
il !
I I I 0 I 1 I I
100 150 200 0 50 100 150 200 250 0 50 100 150 200




251

207

Evis from JETS ( Flavor = 11)

Entries : 157
Mean : 208 87
Ems

24779

100 200 300 400

4/6 Jet Topology determination from Evis

(Evis for xxH)

Evis from JETS ( Flavor = 13)

Evis from JETS ( Flavor = 15)

L Ems

Entries : [
Mean : 201 08
I7.35%6

100 200 300 400

Entries : e
Mean : 156 21
Ems: 41.9%93

|
100 200 300 400

Evis from JETS ( Flavor = 12 )

Evis from JETS ( Flavor = 14 )

Evis from JETS ( Flavor = 16 )

Entries 36
Mean : 108 12
Fms: 31277

Entries : 28
Mean : 105 18
FEms: 32.9%6%

100 200 300 400

Entries : 2B
Mean : 98.772
Ems: 35273

100 200 300 400




RefinedJets: JetClustering y56/y45

JETS WS 6dive4S ( Flavor = 11 )

Entries : 156

JETS WS &divedS ( Flavor = 12 )

Entries : A6

il

£

£

Mean : 0.34839 T Mean : 0.5148%
Frms . 027420 Frms o 024507
5 outofRange @ 1 34
N N 2__
il k ~ u ~ i
0
0,4 06 0,8 1.0 0,0 02 0,4 06 0,8 1,0
JETS S &divgds ( Flavor = 15 ) JETS S &divygdS ( Flavor = 16 )
Entries : 87 4 Entries : 28
Mean : 0.34511 Mean : 0. 48320
Rrs: 0.29238 Rrms: 025127
3__
2__
1 ~ ﬂ“ﬂ
‘ 0 : : : :
0,8 1.0 0,0 0,2 0,4 06 0,8 1,0

£ 2




Mumber of electrons per event { Flavor = 11 )

Mumber of electrons per event { Flavor = 12 )

#high energy electrons

Mumber of electrons per event { Flavor = 15 )

20 Entries ;. 157 Entries : 26 40+ Entries : BE
Mean : 2.5605 Mean : 047222 Mean : 1.7612
707 Rms : 0.86942 Fms: 0.64490 357 Fms: 1.1381
&0 307
507 257
407 207
207 15+
207 107
10 ﬁ 5 i
0- g I : 0- D L
2 3 4 5 15 2,0 2 4 &
Mumber of electrons per event { Flavor = 16 ) Mumber of electrons per event { Flavor = 1) Mumber of electrons per event { Flavor = 53
20- Entries : 28 Entries : 14 17 Entries : 14
Mean . 0.67857 Mean: 1.2857 Mean : 0.85714
Fms: 075846 Fms: 1.0873 101 Fms: 1. 186G
151
B_
6_
4_
1. L
0- i
4 4
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Input varlabla: B Likeness

n..'l. il Eiﬁﬁla:lll |I TT I|
Ll Background
bidE= g5

0.12

0.1
0.08
0.08
0.04
0.02

(1N} NS 7.15

-200 -150 -100 -50 0 50 100 150 200

B Likehass

Input variable: Z energy

3. 0.03 LINL I L O I N N N N O B
-

0.025
0.02

0.015

(1N} dN/ 5.01 Ga

0.01

0.085

|||||||||||||||||||||||||||||T

5 100 150 200 250 300

Z energy [GeVicd]

D Pl (5, B (0.1, QU8 1000, D

WD floey (5,8 (000, QU801 0.0, DS

Input varlakla: C llkeness

{1/N) dN/ 5.25

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.08
0.04
0.02

0

150

j—lllI|IIII|IIII|IIII|IIII|IIII

-1l 50

ETATRAENINERIANTE RIRAPENINRMIARTARNTRN |

100 150
G likenass

Input variable: Zstr energy

3

0.035

I I O Y O

86 1006 120 140
Zatr enengy [Gavic2]

D Bl (5, B (0.1, QUS § 0.0, D

WD Pl (5,8 (000, QUST 1000, DS

Input Variables

Input variable: Higgs Mass

(1) AN/ T 41 F

o.018
0.016
0.014
o012

0.01
0.008
0.008
0.004
0.002

AR, |

UMD floer (5,8 0.0, USRS 1|00, DE

0 50 100 150 200 250 300 350 400 450
Higgs Mass [F]
Input varlable: Z cos theta
E ﬂ||||||||||||||||||||||||||||||||||||||
P
2 6 ::
] H =
E ° b=
3 : |:
3 4 Be
E 3 i
= ; H &
g s
1 1§
n ..

A 0.8 0.6 0402 0 0.2 0.4 0.6 0.8 1
Z cos theta [GeVicZ]

i




{(1/M) dN/ 00339 GeVicZ
(]

Input variable: Zatr cos theta

45E
Fy
35k

0 08060402 0 0.2 04 0.6 0.8 1
Zstr cos theta [GeVieZ]

WD Py (5,8 (0.0, D% 0|00, DS

Input varlable: Number Charged Trechs

(1/M) dN/ 0.941 GeV

0.08

0.08

0.04

0.02

30

40
MNumber Charged Tracks [GaV]

T

[ A B A N A A B A A A |
AN floey (5,8 |00, QU3 5| 0.0, DS

Input Variables







Input varlakie: & Likeness

4 ‘Signal
Background

{1/N) AN/ 00189

BER 288

Input variable: Z energy

0.035
0.03
0.025
0.02
0015

{(1/N) AN/ 327 GeVieZ

0.01
0.005

60 80 400 120 140 160 180 200 220
Zenergy [GeVic2]

WD o (5, B |00, £U0T% 1 {000, O 8%

D ey (5, B |00, DUGTS § |0.0, D87

Input varlabie: € ilkenezs

E 1!_Illllllllllllllllll
S

2 wi

=

0

E

e

-]
1
'EH T A E IS N N -

D -floer (5,8 (0.0, D3 § (0.0, D8

C likanass

Input variable: Zstr energy

E T | LI L | LI | LI | LI | LI | LI | LI LI 1

E 0.035 E
s 0.03 : g
N 0625 J:
= 13
T a2 -:§
.f-_ 0.015 3 4
0.04 _ ]
0.005 3 E
0 15

2 40 a0 80 100 120 140 160
Zstr anergy [GavicZ]

Input wariable: Higgs Mass

L _I | LILILIL | LI | LILBLIL | LB | LI | 1

E 0.025 E

F : ]
T aezf ] §
z [ 1=
—- 0oisF J S
e 3z
X 1@
0.005 [~ 15
[ i §

055 100 150 200 250 300

Higgs Mass [F]

Input varlable: 2 cos theta

{1/} dN/ 00305 Gavic2
=
(=]

O -floe (5.8 (0.0, DU3 7000, DErs

0 0.2 04 0.6 0.8
Z cos theta [GeVicZ]

4.8 0.6 04 0.2




Input varlable: Zstr cos theta Input varlable: Humber Charged Tracks

g T T T TT]
i ——

{1/} AN/ 0.729 Gev
= DAL,

{1/N) dN/ 0.03058 GaVic2

O -flos (5,85 (0.0, D97 7 |0.0, L8

whobgl 1 1

N Bhos (5,8} (0.0, U8 § 0.0, B8

3/ 4b 45 50 55 a0 65 TO
Number Charged Tracks [GaY]

08 06 04 02 0 02 04 0.8 0.8
Zstr cos theta [GeVicZ]
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TMVA output for classifier: Fisher

'g :I. I I. I | Silgﬁdl Idalté | 1T 1 | T 1 | | L L L __I.
N 35 Si ]
= - ignal PDF -
E - o Background data .
_E 30 Background PDF -
25 — —

20 [ —

15 —

10 -
51— =
ﬂia-b-é'l - |||||||||||||| . = |
-0.08 -0.06 -IJ 04 002 0 0.02 0. 04 'ﬂ l‘.iB ﬂ IJB 0.1
Fisher

% 17

e




Cut efficiencies and optimal cut value

Signal efficiency —— — Signal purity
....... Signal efficiency™purity

Background efficiency

: 5."'\,|5+E_

> - =
= 1 -
:_ —]
o —]
L= :
= -
< =
o =
E USSP FOOPTOh b . HOTUOTOS SOUOTROOP RPN SYUUURPUPURRUPUON SOOVPUUN OUPUUOPSUPOS SPPRPPSRPRORPPRRPRONY SO
L -

...................................................................................................................................................

—IIII|III

-0.98 -0.96 -0.94 -0.92 -0.9 -0.88
Cut value applied on BDTG output

v, //

e =2 =2 B2 2 B B B
M W & 4 o =~ 0 ©

=
=

Significance

u

\\{\‘
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Data Preparation

_ 4
» Steps of the job that prepares the data for

analyzing:

Fill hit counting values:
source /u/ey/homer/sidhome/sid/Icsim-homer/testrunsubDetHitNum $1 input_prejet.sicio

Clustering to 6 jets: (JetOut6Jets)

Marlin /u/ey/homer/sidhome/Icfi/mfast-all-batch-6jet-stepl.xml

Clustering to 4 jets: (JetOut)

Marlin /u/ey/homer/sidhome/Icfi/mfast-all-batch-4jet-step2.xml

Vertexing:
Marlin /u/ey/homer/sidhome/Icfi/steering/revertex-all-batch.xml

Flavor tagging:
Marlin /u/ey/homer/sidhome/Icfi/steering/flavortag-all-batch-revtx-350-4jets.xml

/  // | 20
y




Post-processing of reco files

bash-3.2% Is -Irt ~/tagged _files/higgs ffh_zz -80e- +30e+ 001 SLIC-
v3rOp3_geant4
-vOr5pl QGSP_BERT _sidloi3_IcsimTracking lcsim-2.9 pandora.slcio-dir/

-rw-r--r--+ 1 homer Icddata 206374020 Jul 17 16:17 input_prejet.sicio
-rw-r--r--+ 1 homer lcddata 204005832 Jul 17 16:18 output_postjet-6jet.slcio
-rw-r--r--+ 1 homer lcddata 6726 Jul 17 16:18 jet-6jet-stepl.log
-rw-r--r--+ 1 homer lcddata 204434924 Jul 17 16:20 output_postjet.sicio
-rw-r--r--+ 1 homer lcddata 7371 Jul 17 16:20 jet-4jet-step2.log
-rw-r--r--+ 1 homer lcddata 691 Jul 17 16:20 vtx.log

-rw-r--r--+ 1 homer Icddata 91850240 Jul 17 16:27 output_postjet_vtx.slcio

bash-3.2% Is -Irt ~/tagged_files/higgs_ffh_zz -80e-_+30e+_001_SLIC-v3r0p3_geant4-
vIr5pl_QGSP_BERT sidloi3_lcsimTracking_lcsim-2.9_pandora.s
Icio-dir/

-rw-r--r--+ 1 homer Icddata 6726 Jul 17 16:18 jet-6jet-stepl.log

-rw-r--r--+ 1 homer lcddata 7371 Jul 17 16:20 jet-4jet-step2.log

-rw-r--r--+ 1 homer lcddata 5984 Jul 17 16:34 vitx.log

-rw-r--r--+ 1 homer lcddata 205640380 Jul 17 16:36 output_postjet_flavtag.slcio

-rw-r--r--+ 1 homer lcddata 929495 Jul 17 16:36 flav.log

Irwxrwxrwx 1 homer Icddata 28 Jul 17 16:36 higgs_ffh_zz -80e-_+30e+_001_SLIC-
v3rOp3_geant4-vor5pl QGSP_BERT_sidloi3_lcsimTracking_|
csim-2.9_pandora.sicio-flav.slcio -> output_postjet_flavtag.slcio 21

/

s




ee-2ZH, H-ZZ*
6 jet topology

I IA)
FAIR: fall & jet non-trivial pair masses FAIR: fmass of best two 7 pairs from © jets
Entries : 10143 100 Entries © 4966
Mean . 45,224 Mean  &2.007
FEms. 32.3%l Ems: 28.710
I
50 100 150 200 0 20 40 &0 B0 100 120
FAIR. /mass of other pair from & jets FAIR: /H mass from best pair from & jets
Entries : 483 50— Entries : 483
Mean: 16 133 Mean: 107.67
Ems: 11.330 Ems: 33.080
40T
20T { {{ {
20T } {
11
ot Hi
Cl I 1 I I I 1 I I 1
0 20 40 &0 20 100 120 140 1ed 180




FAIR: fall & jet non-trivial pair masses

all_ SM_background
6 jet topology
(NOT weighted yet)

FAIE: /mass of best two £ pairs from & jets

Entries : 7518 35 Entries ;. 716
Mean : 37951 Mean : 55 080
Fms . 41289 30+ Fms: 215632
257
207
15+
10+
5_
i : -
0 50 100 150 200 250 ] 20 40 &0 a0 100 120 140
FAIE: fmass of ather pair from & jets FAIE: /H mass from best pair from & jets
Emtries ;. 358 20+ Emtries ;358
Mean : 9.645%7 Mean: 97.953
RFms ;. 10004 I54 Ems: 42.512
20T
15 }
10—
5__
i .
0 + ||:|:|
T T 1 T T T T T I 1 1
0 20 40 &0 20 100 120 140 1e0 180 200
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ee-2ZH, H-ZZ*
4 jet topology

PAIR: fhest £ pair from 4 jets FAIR: fother pair from 4 jets PAIR: flhest H mass from 4 jets

Entries : 483 Entries . 4832 Entries ;. 4832
Mean : B2 660 Mean : 54.054 Mean : 166 854
Frs : 19.706 271 REms: 35.61%9 38T REms: 98580

0 50 100 10 200 250
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all_ SM_background
4 jet topology
(NOT weighted yet)

% /

FAIR: fbhest £ pair from 4 jets FPAIR: fother pair from 4 jets PAIR: flhest H mass from 4 jets

Entries ;. 258 Entries ;. 258 Entries ;. 258
Mean : 74 796 Mean : 28.278 Mean : &3 52
Fms . 26 202 Fms: 325 4901 32+ Fims 2. 205

0 50 100 150 200 250
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