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Higgs Coupling Measurements

* Electroweak Symmetry Breaking
* Ky, Kf, K3 etc

* Current Measurement:

CMS 138 fb! (13 TeV)
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Higgs Coupling Measurements

* Electroweak Symmetry Breaking
* Ky, Kf etc

* Current Measurement:
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Higgs Coupling Measurements

* Electroweak Symmetry Breaking

Vs =14 TeV, 3000 fb"' per experiment
* Prospects: e R
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Higgs Coupling Measurements

* Electroweak Symmetry Breaking
* Prospects:

Precision of Higgs coupling measurement (7-parameter Fit)

= LHC 300/3000 fb~’
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Higgs Coupling Measurements

* Electroweak Symmetry Breaking
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Ay Measurements

* Interference Effects are needed to resolve the sign
* Tree/loop interference: 1608.02159
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* Tree level interference:
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Proposed Process

* Processes:

* Tree-level interferences

e WXZ - WTh
e WTW~ > Zh

e VBF nature suitable for Higher energy collider
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2 — 2 Processes

VYV = Vh Processes:
« WYW~ > Zh
e WXZ - W*h

* Parameterization: 1




2 — 2 Processes

VYV = Vh Processes:
« W*W~™ - Zh
e WEXZ - W=h

e Parameterization:

* For WLWL — ZLh

o MWW > Zyh) = 209058 (o _n2 4 om2) + 0 )

4m

« MWW, - Z,h) = 4W‘g (cos 0 (—s +2m@, + mi —m}) + fgr’;‘?’ﬂ) + 0 G)

mW n2 6
« MWW - Z,h) = Kzg o’ (1 Awz)s + 0(s°)

Grow with Energy unless the parameter takes the exactly SM value

The energy dependence will be cut-off at new physics scale A



2 — 2 Processes

* For WLWL — ZLh:
s MWW, - Z, )_Kz

CB

W* W~ - Z h Polarized Cross Sections
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@ Lepton Collider

e CLIC (or future Muon Collider)
* High C.M. Energy

* Processes:
e p=0t S Py Wh
e V= ¢tT 5vvZh

W W




@ Lepton Collider

e CLIC (or future Muon Collider)
* High C.M. Energy 2

* Processes:
e p=¢t S pEyWth
e V= ¢tT 5vvZh

* 0 = K§0u + KyyKz0pz + K507

o [fb] Wh Zh

Vs [GeV] Ple)=—-80% P(e”)=80% | Ple) =—-80% P(e)=280%
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@ Lepton Collider

e CLIC (or future Muon Collider)
* High C.M. Energy

* Processes:
e p=¢t S pEyWh
e ¢V PT 5vvZh

* Decays:
* Leptonic Decay of W/Z Backgrounds:
*h->bb e~ et — tt — bbl 0Ty,

° Final states: e et = eV WEZ — e LFy,bb,
S b-jEtS e et = v.0,2Z — v, 00T bb,

e~et = Zh,Z — 0 ¢* h — bb,
e et 52 ZWIW—,Z 5 bb, W = 0Ty, W™ — £,
e~et 2 2ZZ.7Z -5 bb,Z — L0, Z — yi,.

* Two isolated leptons



Events/bin

Total Rate @ Lepton Collider

* The cuts to extract the signal events

Cuts W h-Cuts Zh-Cuts
5 > 20 GeV, N, =2
Basic Cuts pgq > 20 GeV, N, =2
N2 1 1 OSSF Pair
M 95 GeV < my, < 130 GeV
Mgy mg < 80 GeV or my > 98 GeV 75 GeV < my, < 100 GeV
- {HT < 2500 GeV  +/5 = 3000 GeV {HT < 1500 GeV 4/ = 3000 GeV
Hr <1100 GeV +/s = 1500 GeV Hr <700 GeV /s = 1500 GeV

1 1
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Total Rate @ Lepton Collider

e Cut Flow:
kw=1kz=1 p(e”)=-0.8
Vs=30TeV,L=4ab! /8=1.5"TeV.L=2 ab™
o (th) Before Cuts W h-Cuts Z h-Cuts Before Cuts W h-Cuts Z h-Cuts
Signal W h(VBF) 1.97%10° T726%x107% 1.36:x10"% 962x10"' 6.54:x107% 237 x 1073
Zh(VBF) 6.47x 107! 3.49x103 721x1072 2.03x107! 1.30x10~3 2.87x 1072
1.17 x 10° 583 x107* 6.10x10°® 465x10° 5.64x10~2 8.05x 107°
WZ(VBF) 447x10° 9.97x10~3 216 x 10~ 1.84 x 10° 5.86 x 1073 1.96 x 10~
BG ZZ(VBF) 1.92x10° 421x107* 807x10% 592x107! 1.48x10"* 288x 1073
Zh 588 x 1072 183 x107* 4.15x107* 239x107! 410x107* 1.12x10°3
ZIWW 4.01 x 1071 1.14 x 1073 497x%x107% 6.36x1071 2.02x10% 1.72x10°°
2727 506 x 1072 6.04x 1077 1.12x107° 9.79x 1073 1.74x107% 234 x107°
Sum 8.02 x 10° 1.23x 1072 872x 1073  7.97 x 10° 141 x 1072 4.32x 1073
Precision (%) 6.18 6.17 Precision (%) 9.53 13.5
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Kz

Total Rate @ Lepton Collider
* Benchmark point against SM at 95% C.L.

Benchmark

Vs=30TeV +/s=15TeV

kw= %1, Kz-= Fl

KZWI],,KZZ:O

HW:O,HZ:].
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* For Ky, Kz, Ay 2
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Distribution Measurement

Differential Distribution
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Distribution Measurement
e Differential Distribution

Wh,Zh@1.5,3.0 TeV Combined with K, =1

— — Total Rate
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@ Hadron Collider

e Small Cross Section




Cross Section @ Hadron Collider

e Small Cross Section
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Cross Section @ Hadron Collider

* Worse Background
ch—>bb, z— ¢

pp — zhjjSignal ~0.4
pp—>zhjjQCD ~0.9
pp—tt ~5000
PP 2ZZjj ~10
Pp—-zbbjj ~1000

With Basic VBF cuts applied



Event Selection @ Hadron Collider

*h—->bb, z—- ¢ With Basic VBF cuts applied
With Cuts [fb]
pp — zhjjSignal ~0.002 5.0e-3
pp—zhjjQcD ~0.9 ~0.0001 1.1e-4
pp—tt ~5000 ~0.003 6.0e-7
PP ZZjj ~10 ~0.0004 4.0e-5
pp—>zbbjj ~1000 ~0.014 1.4e-5
* VBF topology
* Higgs Invariant Mass
e Z peak

Center Jet Veto



Higgs @ Hadron Collider

*h—>bb
* Will be boosted at the LHC /s = 13~14 TeV
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Higgs @ Hadron Collider

* Higgs Will be boosted at the LHC /s = 13~14 TeV
* Boosted Higgs Tagging by BDRS algorithm

Normalized Events / 1 GeV




Result @ Hadron Collider

* In the Ky, vs. Kk, plane:

Significance o 3000 fb~1
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Summary

* VBF process:
s WTW~ > Zh
c WEZ - W=h
* Tree level interferences, sensitive to the relation
between Kk, and Kk,

* Resolve the sign of Ay,

* Can be well probed at high energy colliders
e Better at Lepton Collider
* Possible to resolve the sign at the LHC



Thanks for your attention!
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ATLAS
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