The Higgs Program at the
International Linear Collider

on behalf of the ILC Physics and Detector Study
Claude-Fabienne Diirig

DESY Hamburg, Germany

EPS-HEP Vienna, July 22-29 2015

(e KEK-JAPAN L ok Fouulr;': :vDeE:slIE:i: .11"3&'125



Introduction

» discovery of Higgs-like boson at LHC is milestone in history of particles physics

» main task: identify boson and its connection to the SM — last particle of SM?
— first particle beyond the SM?

» now test symmetry breaking and mass generation
» open door to new physics?

» our goal: model-independent reconstruction of EWSB sector through precision measurements

» investigate mass-coupling relation
» any deviation clear indication of BSM

» needed: comprehensive program of model-independent and direct Higgs boson measurements
tot
MH, 8Hzz+ 8HWW' 8Hbb' 8Hgg' BHyy ' BHtt' BHcer BHttr 8Hppr 8HHH» F}-f s Tinvis

» ILC is ideally situated to give a full understanding of new boson, whatever nature it is
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The International Linear Collider

Main Linac

> energy range: /s = 250 GeV — 500 GeV,
upgradeable to 1 TeV

Damping Rings

» about 31 km site length for /s = 500 GeV

» polarised beams (= 80% for e~
and = 30% — 60% for e™)

Japan showed great interest to host ILC
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ILC Operating Scenario

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex]

final £ and real time required for each stage of running
» studied impact of running scenarios on
physics output

optimise L[fbl] | 500 200 500 | 3500 - 1500
» Higgs precision measurements time [a] 87 L3 3.1 7.5 - 3.1
» top physics
» new physics searches

Integrated Luminosities [fb]
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Single Higgs Production Processes

LCC Physics Working Group, arXiv:1506.05992v2 [hep-ex]
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Recoil Mass Technique: my — ozH — 8Hzz

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex], LCC Physics Working Group, arXiv:1506.05992v2 [hep-ex|
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» recoil technique: reconstruct Z of ZH event 120 130 140 150
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— recoil mass of decay products give my

M2 = (pem — (Pt +p,— )%, (1F =t uh)
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» detect H — invisible/exotic 3] .
» precise my and ozy (sub-% level) "
» fixes the overall scale for all couplings 0 5 10 15 20
years
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WW-fusion and 500 GeV: gyww — '

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex], LCC Physics Working Group, arXiv:1506.05992v2 [hep-ex|

» compare Higgs rate measurements to SM predictions assumptions on I'yy made

BR(H — AA) = T'(H — AA)/T[* — total width too narrow to be

measured directly

1

» WW-fusion production dominant at 500 GeV needed to learn absolute sizes

of Higgs couplings
1

ete — vvH with H — bb

using relation

ILC measurements give model-

GyvH - BR(H — bb) o gaww .BR(H — bb) independent determination of I'y

oc T'(H — WW) - BR(H — bb)

G20

-H20
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Top-Yukawa Coupling at 500 GeV

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex]

» top quark heaviest particle in SM

2

< \ 1 ! !
» couples most strongly to Higgs sector -°E- ‘\ l|‘ ILC Coupling Hit 1o
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» enhanced cross section at /s = 500 GeV I
» need full energy — close to production threshold 0 5 10 15 20
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Precision on Relevant Higgs Couplings

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex]

Projected precision of Higgs coupling and width (model-Independent fit)

» model-independent global fit to extract 10%
nggs Coup”ngs and Width 9% | I 1c500 cav. 4000 5" 350 Gev. 2001w @ 250 Gev, 2000w -}
8% '_ . ILG® HLANG 3000 compinaton

input to coupling fit: 7%

» staged running and various production processes

provide direct independent measurements of

o x BR(H = XX)

» independent of Higgs decay mode recoil mass

measurement provides direct measurement of . - S
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Precision Matters

references of figures still need to be added

» for new physics searches important to get couplings precision into 1% range
» all Higgs properties predicted by SM
— any deviation clear indication of BSM

— largest deviations typically 5%-10% (BSM model dependent)
— BSM models have different patterns of deviation from predicted couplings

Supersymmetry Composite Higgs
MSSM (tang = 5, M, =700 GeV) MCHMS (f = 1.5 TeV)
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Higgs couplings give proof wether Higgs is fundamental scalar or
composite of more fundamental constituents
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Higgs Self-Coupling Measurement at the ILC

» precise measurement of SM Higgs potential via Higgs self-coupling
15, 3 14
V() = 5 MHTH + Avay + E)\nH

» existence of HHH coupling — direct evidence of vacuum condensation
» one must observe double Higgs production
» very challenging measurement

— small production cross section, i.e. o(ZHH) & 0.2fb at 500GeV
— many jets in final state
— interference terms due to irreducible diagrams
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Higgs Self-Coupling Measurement at the ILC

ILC Parameters Joint Working Group, arXiv:1506.07830v1 [hep-ex]

Existing full simulation analyses
@ 500 GeV

> ZHH—Z(bb)(bb) for my = 125 GeV
> ZHH—Z(bb)(WW) for my = 125 GeV
Q1 TeV

» vvHH —vv(bb)(bb) for my = 125 GeV
» vvHH —vv(bb)(WW) for my = 125 GeV

ongoing studies

there are several key points for potential
improvement in analyses (kinematic fit-

ting, jet-clustering, etc)
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Sensitivity of Higgs self-coupling A in BSM

references of figures still need to be added

> in many BSM models large deviations expected in other Higgs couplings, not only Agy
» electroweak baryogenesis (THDM) large deviation expected only in A (A >1.2- Agy)

» such physics scenario difficult to be observed at LHC 20

» at ILC possible at 500 GeV with ZHH Region where EW
1804 —-n.ryug:dnlsln
example: A\ = 2-Agy > ozpyy enhanced by 60%
» interference term reduced £ 160 1st order EWPT
» AX/X improved by factor of 2 Zﬁﬁ
5 140 Minimum value of
25 Higgs self-coupling
o= for EW baryogenesis
estimated physics outcome It
> X can be measured to 14% precision
» 7o discovery 100 T T T
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T T T T T T T
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BACKUP SLIDES
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Summary Table - Projected Precisions for H-20
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Summary Table - Input Precisions to Higgs Coupling

Fit
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Running Scenarios - Summary Table
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Advantageous of ee Linear Collider
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Higgs Boson Production rates
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Measured Parameters

OzZH
ozu X BR(H — invisible)
ozu X BR(H = VV),0, x BR(H = VV)
ozm X BR(H — bb/cc), 0, x BR(H — bb/cc)
oz X BR(H — 77/pp), 00 X BR(H — 77/ 1)
ozu x BR(H — vv/99),00 x BR(H — v7/99)

OwtH X BR(H — bb)

2 2
ozuaH X BR (H — bb),UUUHH x BR (H — bb)
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Global fit - Model-Independent Results

»staged running and various production processes provide many independent measurements
Y; = 0 X BR(H — X X), with error AY;
»predicted values of measurements Yi’ can always be parametrized by couplings grzz, ggww,
gutt and 'y
»additional recoil mass measurement provide absolute cross section measurement of oz,
independent of Higgs decay mode, all modes at iLC
»combined all measurements to extract 9 couplings (hzz, hww, hbb, hcc, hgg,
htautau,hmumu,htt,hgamma) and width Iz
»model-independent global fit by constructing x?2

’
= DIy (eh)?
»estimated uncertainties from the ILC for a model-independent fit to the Higgs couplings in which all
Higgs couplings, including couplings to invisible and exotic modes are separately taken as free
parameters.

»in these model-independent determinations, most couplings reach the required precision of 1 percent
or better in the course of the ILC program.

»as noted before, running the ILC at 550GeV rather than 500GeV would give precisions of 9pc and
3pc in the two entries for the tty coupling

»one important Higgs coupling not discussed so far.
time development of available Higgs coupling studies inter-

preted in fully model-indecent fit

relative precisions for the various

Higgs couplings extracted from a LS. S . S . . B s -Hzz

)
N \

[

model-.independent fit

N\
- A\ ILC Scenario H-20 Y
e B m%bienne Dgig1\0§\'gés F\\%P;Q arthpitc] Ep&ﬂﬁfﬁwﬁm@ﬁw Zy7Hbb




Sensitivity of Higgs self-coupling A in BSM

BSM scenario: improved accuracy expected extrapolated measurement accuracy of

(i.e. electroweak baryogenesis: A > Asm) current Agy measurement (J. Tian)

:\0\ 50 T T T
D wWHH @ 1 TeV
A < Asm — vVvHH at 1 TeV < 40fF
< P(€ 6")=(-0.8,+0.2) f Ldt=5 ab”
example: \ = 0.5 Agy < 3k A = 0.5Agy
20 i Asm
A > Asm — ZHH at 500 GeV A :
example: A = 2-\gm 3 i !
» ozun enhanced by 60% 0 0?5 ; 1.'5 >
» sensitivity factor reduced A Agy
(1.73 — 1.08) ® SO g T ]
» AX/X improved by factor of 2 = 40 E Asm EAIICIETNEY 3
: E P(6,6")=(-0.8,+0.3) f [EET .
b sop : A =2\ _:
both cases: 5 Tl
20 | H E
» X can be measured to 14% precision - H ]
» 70 discovery 10 3 : : B
» more than 30 deviation from SM 0 E s ! ] 3
1 15 2

d 25
A Agy
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Higgs Self-Coupling Analyses at ILC

Existing DBD full simulation analyses

studies performed with low-p; Yy — hadrons beam background
without low-p; Yy — hadrons beam background

@ 500 GeV @1 TeV
> ZHH—Z(bb)(bb) for my = 125 GeV > vvHH —vv(bb)(bb) for my = 125 GeV
> ZHH—Z(bb)(WW) for my = 125 GeV > vvHH —vv(bb)(WW) for my = 125 GeV

ILC white paper: Higgs self-coupling projections
(full simulation w/ my = 120 GeV, extrapolated to my = 125 GeV)

Scenario A: HH — bbbb ¢/
Scenario B: adding HH — bbWW ¢/, expect
20% relative improvement

83%  66% 2%  17% malvis ot -clusteri
- . : analysis improvement (jet-clustering,

4?1" +° | o ° kinematic fit, flavor tagging, matrix

500 GeV: 500 (1600)b  P(e”e)=(0.3-08) element method, etc.), expect 20%
1 TeV: 1000 (2500)fbL  P(ete)=(0.2,-0.8)

B €

B €

relative improvement (ongoing)
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