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THE INTERNATIONAL LINEAR COLLIDER (ILC) pUSHOX

e Linear eTe™ collider.
P(€, €)=(-0.8, 0.3), M =125 GeV
400 prerrrre

® Polarized beams. S E
—SM all fth
* Initial stage /s = 250 GeV (considered here). —zn
=300 — WW fusion o
e Upgradable (350 GeV, 500 GeV, 1 TeV). < ; 22 tusion
el gzoo_— e ]
[%2] e v
8100_ e’Et e e
© / ",
L e’}S‘\e'
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\s (GeV)

ILC Technical Design Report (2013)
The International Linear Collider : A Global Project : arXiv:1903.01629
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https://linearcollider.org/technical-design-report/
https://arxiv.org/abs/1903.01629

THE INTERNATIONAL LARGE DETECTOR (ILD)

INTRO-
DUCTION

Based on the Particle Flow approach.

Machine background Bunch structure
beam strahlung trains of ~1 ms at 5 Hz
conversions 1train=1312x554ns
o
Py ep— i VERTEX pule
/< tagging impact parameter N 4
H(;g_%s B!?d secondary vertex o
and Top-i resonance masses o i J
LE2E MAIN DAQ
Recoil mass T TRACKER = triggerless
Higgs strahlung Ala/pr) ~ 2. 10° Gev Al1/pr) = 104Gev2 [ | between trains
Yoko/Muon
e/wid
injets
CALO
'AE/E < 30%/VE Gev2 inside coil can
high granularity
Jet separation particle flow HoaL
: ECAL.
re
Vertex

Interim Design Report : arXiv:2003.01116 BeamoAL oKL LumeaL  FTosT
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https://arxiv.org/abs/2003.01116

HIGGSSTRAHLUNG pUSHER

o Z —»utu,Z —ete :
- IsolatedLeptonTagger :
Lepton pair with same type and opposite charge.
- Final state radiation :
Add photons with cosf, > 0.99.

Golden channels due to recoil mass method,

M2 o =s+M:—2s Ey.

® Higgs :
Event selection that keeps events with all Higgs
decays.

Jonas Kunath — Combined Higgs fit



EVENT SELECTION

Selection only on information from
decay of the primary Z boson.

1.0
0.8 —o— efficiency
‘\. 4+ purity
0.6 —x— eff * pur
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step
Step 0 : Find a lepton pair.
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EVENT SELECTION
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EVENT SELECTION

Selection only on information from
decay of the primary Z boson.

1.0
0.8 —o— efficiency
—— purity

0.6 —x— eff * pur

0.4

0.2 1

0.0 T T T T T T
0 1 2 3 4 5

step

Step 0 : Find a lepton pair.

Jonas Kunath — Combined Higgs fit

8000

6000

4000

2000

step 1: (Mz > 86.19) & (M < 96.19)
¥

step 2: (Mrecoil > 123) & (Myecor < 130)

12000

10000

8000

6000

4000

2000

100 -0.75 ~050 -025 000 025 050 075 100
cosOz

- i
L - pezean 2500 H
2fteptonic i
Atleptonic !
= dt semileptonic | 2% L :
other higgs " feinal ol
H 1500 H
H fl
H L
b ; H
! 1000 i
o H
L i
H L
i 500 -
' [
H L
i
25 830 675 900 925 950 975 1000 W0 a5 10 135 10 145
z Mrecoil
step 3: |cosfz| < 0.9 step 4: |cosBmiss| < 0.9
! !
3s0{ (1 :
P g
300 4 ‘ i
| YT
sof | i i ]
200 H f
! i
: H
1s0{ [t 1
H i
100] i
3 i
50
0

100 -0.75 050 -0.25 000 025 050 075 100
COSOmiss

EVENT
SELECTION



EVENT SELECTION

Selection only on information from
decay of the primary Z boson.
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HIGGS-BRS ALL-IN-ONE IDEA

LD preliiminary
H-bb

H-Ww

H-gg

H-tt

H-cc

H-ZZ

H-yy

H-Zy

H-pp

2f leptonic

4f leptonic

4f semileptonic
other higgs
]

1. Build samples with all Higgs decay modes
(Higgsstrahlung, Z — (ete™, utu)).

Z-up

0 5000 10000 15000 20000
expected signal counts
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HIGGS-BRS ALL-IN-ONE

1. Build samples with all Higgs decay modes
(Higgsstrahlung, Z — (ete™, utu™)).

2. Construct categories to separate the decay
modes (& background) as well as possible.

Jonas Kunath — Combined Higgs fit

rest
isophoton_many
isophotonl
isolep_many
isolep2

isolepl
light_quark2
light_quark

00 02 04 06 038
expected signal composition



HIGGS-BRS ALL-IN-ONE

1. Build samples with all Higgs decay modes
(Higgsstrahlung, Z — (ete™, utu™)).

2. Construct categories to separate the decay
modes (& background) as well as possible.
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HIGGS-BRS ALL-IN-ONE

1. Build samples with all Higgs decay modes
(Higgsstrahlung, Z — (ete™, utu™)).

2. Construct categories to separate the decay
modes (& background) as well as possible.

Jonas Kunath — Combined Higgs fit

rest
isophoton_many
isophotonl
isolep_many
isolep2

isolepl
light_quark2
light_quark

IDEA

including bkg
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HIGGS-BRS ALL-IN-ONE

1. Build samples with all Higgs decay modes
(Higgsstrahlung, Z — (ete™, utu™)).

2. Construct categories to separate the decay
modes (& background) as well as possible.

3. Fit the Higgs branching ratios to the
observed category counts.

Jonas Kunath — Combined Higgs fit

branching ratios
o
w

o
b

0.0
0.0200
0.0175
0.0150
0.0125
0.0100
0.0075

HESSE 67% CL interval

e Input BRs

4 Fitresult

I..-.-,

*

H-bb

H-ww

H-gg

H-tT

Hocc

H-ZZ

Hoyy { #

H-2Zy

Hopp { #

IDEA
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IMPLEMENTATION WITHIN ILC

Reconstructed events from /s = 250 GeV MC2020 ILD mass production.

e /s =250 GeV ideal for the Higgsstrahlung process.

- Z —ete” and Z — ptu~ as signal channels.
- > 400k simulated events/Standard Model decay mode.

® Considered backgrounds : Standard model processes
with 2 or 4 fermions in the final state.
® Polarized initial beams :

- 80% left polarized electron beam.
- 30% right polarized positron beam.

® 2000 fb~! integrated luminosity.

Jonas Kunath — Combined Higgs fit

IMPLEMEN-
TATION

11



OPTIMIZATION - SETUP

BRs from minimization through MINUIT/iminuit.
e MC2 : Will be replaced by the detector data.

- =

e §$=M-B = f(B), with

- S: The signal counts per category
(S = data — bkg). MC2.

- M : The matrix built from simulated events, as
outlined above. MC1.

- B : The target. Use e.g. the Standard Model
BRs as fit starting values.

® The cost function : Multinomial log-likelihood.

- —InL = —Ngaia 3, Siln (3, My ;).
- Buozze =1-3 1y 72z Bi-

Jonas Kunath — Combined Higgs fit

class

isophoton_many

light_quark {03

light_quark2 JCREl

isolep] JERE]

isolep2

isolep_many

isophoton1

rest
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https://github.com/scikit-hep/iminuit

OPTIMIZATION - RESULTS

The fitted BR™" reproduces BR™ within its
uncertainties. op,, . ,,. through uncertainty
propagation.

%
_ 207 02
—
|
Exl's-
) 0.1 * %
S 10- * *
Il N *
= 0.0
< 0.5
* ¥
R L ———
Ke) ; (o)) [ad (%} N > > 3
e I % > N 3
I T L S N
T :T: r T I T+ I T =T
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o
N

branching ratios
o
w

o
a

0.04

0.0200
0.0175

HESSE 67% CL interval

E
o
=3
=1
o
o

0.0025

B Input BRs
4 Fit result

I...-..a.+,+

0.0150
0.0125
0.0100
0.0075

*

1 *

H-bb 4

H-ww
H-gg
H-1T
H-cc
H-ZZ
Hovy
H-Zy q
Hopp q #

FIT
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OPTIMIZATION - VALIDITY CHECK FIT

Toy study : Draw from multinomial (Ngata fixed).
Shown : 2 of the toy fit distributions for multinomial In£ with [0, 1] boundaries.

H-bb H-Zy
preliminary 600 1 ILD preliminary
EECF: Minuit fit on
500 expected event counts (MC2)
===+ 0.00170 SM BR
400 - —— 0.00170 EECF Minimum

—— 0.00347 o from EECF

Minima from 10000 fits
300 1 @ on toy counts
(MC2, Multinomial draws)

200 A
100
0.
55.0 56.0 57.0 58.0 59.0 60.0 61.0 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
BR [%] BR [%]
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FIT IN A NON-SM SCENARIO

H-bb

50 ILD preliminary

o :
40.0 425 450 475 50.0 525 55.0 57.5
BR [%]

Assume 57.7% — 42.7% BR(H — bb),
21.8% — 36.8% BR(H — WHW~).

Jonas Kunath — Combined Higgs fit

HESSE 67% CL interval

branching ratios
o
w

o
-

0.0

0.020

0.015

0.010

0.005

ILD preliminary

V W Input BRs
? 4 Fit result

/| [Z3 Data truth

..-ﬁ+++

*

*

* %
*

*

*

* *

2 2z © F Y N F > 2

o > rF 9 N > N I

FEES N SO D N S

I]T:IIIIIII
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FIT IN A NON-SM SCENARIO

Higgs BRs

Fit described

in slides

N 15%: H-bb
215% : H-Ww

Relative uncertainty change

H-bb 4
H-WW -
H-gg 4
H-TT
H-cc A
H-ZZ
H-vyy 4
H-2Zy
H-up 4

Assume 57.7% — 42.7% BR(H — bb),
21.8% — 36.8% BR(H — WHW~).
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HESSE 67% CL interval

branching ratios
o
w

°
-

0.0

0.020

0.015

0.010

0.005

%

/]

s Input BRs
4 Fit result
[ZJ Data truth

.I-*+++

*

*
*
* *
e ; o r v N > > 5
Qo o 14 Y N > N 3
T2 1113111
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FIT IN A NON-SM SCENARIO

1.2 1
1.0 A

© © o ©°
N R o @
N .

Relative uncertainty change

o
o
|

N —

V

¥*

Assume 57.7% — 42.7% BR(H — bb),

H-bb 4
H-WW -
H-gg 1
H-TT
H-cc A

H-ZZ

Hovyy

H-2Zy

H-pp 4

Higgs BRs
Fit described
in slides

N 15%: H-bb
215% : H-ww
BR(H-pp) = 1%
(then ok, = 0.2%)

21.8% — 36.8% BR(H — W+W™).
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HESSE 67% CL interval

branching ratios
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w
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-
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s Input BRs
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DEPENDENCY ON POLARIZATION AND BACKGROUND LEVEL iz

g
>

-
w

e
o w

Relative uncertainty change
=
N

e ; o r v N
Qo I o

f = fF 5 1 ¥
T :I: T T T T
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H-yy 4

Hozy |

Hoopagd 4

Beam polarization

Fit described
in slides

eLpR
- eRpL
— unpolarized

© © o v B &

Relative uncertainty change

> o ® o N »

H-bb 4

H->WW

H-gg 4

HotT 4

H-cc 4

H-ZZ 4

H-yy 4

Hozy |

Hospapd 4

ozy rescaled

Fit described
in slides

— X1, no bkg
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DEPENDENCY ON POLARIZATION AND BACKGROUND LEVEL iz

g
>

-
w

e
o w

Relative uncertainty change
=
N

T T T

.Q;U\l—‘uN

o o ¢ Y N
= 1 T

EO I A
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H-yy 4

Hozy |

Hoopagd 4

Beam polarization

Fit described
in slides

eLpR
- eRpL
— unpolarized

Relative uncertainty change

© © o v B &
> o ® o N »

H-gg 4

HotT 4

H-cc 4

H-yy 4

Hozy |

ozy rescaled

Fit described
in slides

x1, no bkg
+1.5

x1.5

x2

x4

[ T T T
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CONCLUSIONS CONCLUSION

TABLE — Results of a fit on the expected
event counts. In percent. ILD preliminary.
— More work needed :

- Better categories. SM BR  0otat

- Exotic Higgs decays. H —bb 5772 (.86

+ Extraction of major branching ratios H—-WW 21.76 1.34
from single analysis. H — gg 855 1.25

— Correlation matrix. H > 77 6.20 1.30

+ Independent of oz and ovv_fusion- H — cc 2.72 0.55
+ Can automatically adapt to BR scenarios H— 77 262 1.93
drastically different from SM. H =y 0.24 0.17
H — Z~ 0.17 0.35

H — up 0.03 0.14

Jonas Kunath — Combined Higgs fit 17
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EXPECTED COUNTS PER (CATEGORY, BR) PAIR

Distribution of the 8_923 signal events
in the channel as expected for SM BRs

91.23 1044

bb_tight 2 096 2589

2473 1066 17.86

tau 348 4938

(RIS 7226 3772 3729 8019

class

light_quark2 2080 1519 4005

isolepl 4682 108 2

isolep2 48.48 5 1041 002 036
isolep_many 0.00

isophoton1 2144 788.7 1442

isophoton_many

rest 6 16.76 655.5 83.72

P4f_sze

Paf_ww_|
Paf_zz.|
Paf_zz sl

Paf_zzorww_|
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BR CORRELATIONS WITH THE CURRENT CATEGORIES BACK-UP

Higher correlations motivate improvements in the category definition. Needed to include
the results in a global fit. Also needed for the last BR :

Correlations

H-bb .196 .196 -.081 .022-

H->WW 1.196 -.220 . -.060 -.269

“8011048 229

.006

H-gg 1.196 -.220 211 -.098.-.001

H-tt -.081- 211 -.053 -.132

H-cc 1.022 -.060 -.098 -.053 -.180

H-ZZ .-4259. -.132 -.180

H-yy 1-.001 .006 -.001 -.034 .004 .002

H-Zy {-.045 .014 -.026 -.077 -.003 -.032

H-pp 1.029 -.005 .049 .016 .015 -.063 .

-.034

.004

.002

-.026

.014

-.026

-.077

-.003

-.032

-.026

-.010

-.005

.049

.016

.015

-.063

.000

W
H-gg
H-TT
H-cc

H-ZZ
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H-vyy 4

H-2Zy

H-pp A

Bzz+=1—

Y. Bi=obize= ) Y pijoio;

iAZZ* VAZZ* GHZZ*

H-ZZ

354

30

254

20

154

101

D pre limine

4.00 6.00 8.00  10.00

BR [%] 20



COMPARISON WITH GLOBAL COUPLING FITS BACK-UP
® [1], [2] use existing analyses and combine %oas I
them to extract a combined sensitivity for £
the Higgs boson couplings. g 0.10 - This fit
o . .
o [1] scaled to the H-20 ILC250 scenario. 3 T St HiC mroved (2]
® This fit is our approach. 50-05 I
- A single analysis directly fitting the § - L =
branching ratios to data. 0.0 1 = = X = =
- Sofaronly Z —ete™, Z — ptu~. § g $ '»Ti g $ 1; ,}7 T%
- Only statistical uncertainty. T 1 T T T r T T I

[1] J. Tian, K. Fujii Measurement of Higgs boson couplings at the International Linear Collider.
[2] SFitter Measuring Higgs Couplings at a Linear Collider.
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https://www.sciencedirect.com/science/article/pii/S2405601415006161
https://inspirehep.net/literature/1209590

HIGGSSTRAHLUNG . 2o itue 7o e BACK-UP

Golden channels due to recoil mass method,
MrQecoil =5+ M% - 2\/§ : EZ'

o 7 5oty

Event tagging on the 7 is complicated.
- Large 7 decay opening angle (low E-).
- Divers environment from the Higgs decay.
LAV V78
— Significant WW-fusion contribution in vvH.
— Cannot tag event on v.

+ Only Higgs boson (and beam overlay) in event.
+ 6x higher cross section.

® 7 —qq:

+ Hightest cross section.
— Hard to identify the traces from the Z decay

without making assumptions on the Higgs decay.

Jonas Kunath — Combined Higgs fit 22



EXAMPLE EVENTS BACK-UP

After removing the primary Z boson, the signal events per channel are interchangeable.

ete” = H Z, Z = utp™

Jonas Kunath — Combined Higgs fit 23
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After removing the primary Z boson, the signal events per channel are interchangeable.

ete” - H
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EXAMPLE EVENTS BACK-UP

After removing the primary Z boson, the signal events per channel are interchangeable.
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EXAMPLE EVENTS BACK-UP

After removing the primary Z boson, the signal events per channel are interchangeable.
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