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Higgs Boson Results

- All observations from the LHC consistent with a Standard Model

Higgs boson with mH~125GeV

* Mpu measured 1n ZZ and vyy final
states consistent with 125GeV.
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Higgs Boson Results

All observations from the LHC consistent with a Standard Model
Higgs boson with mH~125GeV

states consistent with 125GeV.

>
Mu measured in ZZ and yy final 5
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It 1s produced like a SM Higgs
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Higgs Boson Results

- All observations from the LHC consistent with a Standard Model
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Timely Discovery

'+ Summer 2011: EPS and Lepton-Photon

- First (and last) focus on limits (scrutiny of the po)
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LHC/HL-LHC Plan

New interaction
region layout
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Cross section ratios

Cross section ratios: 13 TeV / 8 TeV
WJS2013
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- Huge increase 1n cross section for many interesting processes.

- but life may also become harder for states lighter than tt




Higgs Boson Decays and Couplings

ATLAS Simulation Preliminary
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More detail in Elisabeth’s talk




Higgs Yukawa coupling Y

Indirect constraints on the Yt from measuring top-quark dominant loop-
induced process like gg—H or H—vyy decays.(No beyond-standard model

particles)
Higgs productioi/ Higgs decay to photons

fy

H

A o (H) o g

e tH produce, a small contribution due to a destructive interference, while
sensitive to the sign of Yt
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ttH: H—yy and H—bb
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» Clean signal allows to probe ttH

ttH: H—yy

production.
ttH | WH | ZH | VBF
Significance || 8.2 | 4.2 | 3.7 | 3.8

* The measurement limited by

current theoretical uncertainties on

Higgs boson produgtion
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ttH: H—-ZZ
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Possible to measure
the signal strength
with a reasonable
precision.




SM Prediction is BR(H—=p pu)=2.19x10™

Observation of H=p "y gives access to Higgs

coupling to 2nd generation of fermions.

Runi limit; 7*SM

With 3000 fb™": Observation at 7o; uncertainty

of ~20% expected.
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A direct measurement of top and p- Yukawa coupling
Valuable for CP nature determination
expected signal: 33, expected background: 22

Allow to be observed with the HL-LHC




SM

e.g. new scalar contribution
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14 TeV for 3000 fb!

Category high pr; low p7; low |Anz,| low p7; high |Anz,|
Final states eey J7105% eey Uy eey Uy
S 602 721 703 839 138 165
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S/B (%) 2.4 2.4 0.64 0.64 0.54 0.54
S/ VB 3.8 4.1 2.1 2.3 0.86 0.94
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Di-Higgs Boson Production

* One of the exciting prospects of HL-LHC.

e Destructive interference

P
P
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(pp—HH) [pb

» Cross section of H(bb)H(yy) @14TeV: 0.111b [NNLO]

« Run I Non-resonant 95% CL limat:

*  ouuBRub1y<2.2(1.0)pb (2.40 excess)




HH—bbyy
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HOb)H(yy) (A gy = 1) 84+0.1 | 6.7+0.1 | 1.8+0.1
H(bb)H(yy)(A/ A5 = 0) 13.7£0.2 | 10.7+0.2 | 3.1+0.1 ° S|gna| S|gn|flcance: 1.20
HbBYH(yy) (A Asm = 2) 4.6+0.1 | 3.7+0.1 | 0.9+0.1
H(D)H(yy)(A/Asy = 10) | 36.2+0.8 | 27.9+0.7 | 8.2+0.4
bbyy 27215 522117 45210 » Possible Self coupling measurement:
ccyy 7.0£1.2 | 4.1+09 | 2.9+0.8
bbyj 84+0.4 | 43+0.2 | 4.1x0.2
bbjj 1.3+02 | 0.9+0.1 | 0.4+0.1 o L
jiyy 74418 | 52+1.5| 2.2+1.0 addltlon_al dependence of
(> 1 lepton) 0.2+0.1 | 0.1+0.1 | 0.10.1 kinematic variables
ity 32422 | 1.6+1.6 | 1.6+1.6
ttH(yy) 6.1+0.5 | 4.9+04 | 1.2+0.2
Z(bD)H(yy) 27£0.1 | 1920.1 | 0820.1 e a combination across several
bbH(yy) 1.2+0.1 | 1.0£0.1 | 0.320.1
Total Background 47.1+35 | 29.1+2.7 | 18.0£2.3 channels, as well as CMS.
S/VB/Asy = 1) 1.2 1.2 0.4




H—invisible
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* Run 1: Br(H—1nv)<0.37(0.39)@95% CL

BR(H —inv.) limits at 95% (90%) CL | 300 fb~! 3000 fb~!
. . . Realistic scenario 23% (19%) | 8.0% (6.7%)
» Indirect constrant from Higgs coupling measurement: Conservative scenario 32% (27%) | 16% (13%)
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Direct Width measurement

s ?2_ TiAs T : 2 6?“.”3. — fs=7Tev, L.=~.’>-1.fbf;.@.=?jf,,v,’L.=.19.-7fb'l
(Q\| - - B 3D
1 16; H _)22* %4| - (fl 5-_ ------- Expected N
1 43_ \’s=7TeV:JLdt=4.5fb'1 B - Observed
B \’s=8Tev:det=2o.3 i ] 4t B
125_ — Expected, p=1.0, m =125 GeV E B
10:_ — Observed ] 3:— —
8- - i
6" : 2 .
)
R e
I, (GeV)
obs.(exp.)@ 95% CL H—yy H—Z77Z
ATLAS 5.0 (6.2) GeV 2.6 (6.2) GeV
CMS 2.4 (3.1) GeV 3.4 (2.8) GeV

Standard Model predicts a width of [ =4.2MeV (3 order of
magnitude smaller) 120,



Off-shell Higgs coupling properties measurement

Further constraint the Higgs width via indirect measurements based

on off-sheli hlggs production
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Sizeable off-shell contribution, large negative interference.
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 No assumption on gg->ZZ continuum background: -
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Indirect width measurement in H->7Z.7Z

N CMS 19-7fb-1(8TeV)+5.1fb'1(7TeV') %I 40_| [T T[T T T T T T[T T T[T L
'C 10p— 4l observed - ATLAS Preliminary

<4 o 41 expected 35 212v+4i+4l .., cpmMbined

o — A + 4l Observed "~ Alternative hypotresis:

[ 212v + 4l expected

8 | on-shell
| —— Combined ZZ observed

-------- Combined ZZ expected

30 :_ rH/FEM = “’on-shell 1

L Vs =8TeV: [Ldt 5 20.3 fb"

95% CL limitonI",,/ T’
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_ —_— —_— e e
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p (Ve B —
AR = Kagr22
* Dominated by the Stat. Un. and QCD| p/ry_obs.(exp.) CMS ATLAS
scale uncertainty
41 8.0(10.1) | 7.2(10.2)
. I? would be more promising in 212v 8.1(10.6) | 11.3(9.9)
HL LHC and with more precision
theory predlctlon combined 5.4(8.0) 6.7(7.9)




Indirect width measurement in H—yy
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» Interference in diphoton:

«  SM shift of approximately

30MeV.

+ Use pT dependence of
shift(~200MeV limit 3ab-1)

E ATLAS Simulation Preliminary
- _[L dt =3000 fb, Vs =14 TeV
- After background subtraction

I'y;=200 % I'y gy =0.81 GeV
pTW <30 GeV

—e— Data
= Fit to data
- - Undisturbed H—yy
-+ - Interference correction
Corrected H—yy

- ATLAS Simulation Preliminary
C L dt=300016! Vs=14Tev
- After background subtraction

I'y=200x% I}y =0.81GeV
pTW >30 GeV

—— Data

= Fit to data
- - Undisturbed H—yy

-+~ Interference correction




Conclusion

- We’ve come a long way, but there’s still far to go ...

- With 3000fb-!, the LHC will be able to offer a comprehensive
physics programme: precision Higgs production rates to a few %

- 30001b! offers significantly better physics reach than 300fb-!
»+ Theory uncertainties become dominant for many key processes
» Challenge for the HL-LHC:

- di-Higgs and triple-higgs observation

+ Model independent measurement.




