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Higgs Mechanism

e SU(2). ® U(1)y describes
electroweak sector in terms of
massless gauge bosons

'
.

e In the SM a complex scalar doublet is
introduced
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e For Higgs mechanism potential
chosen such that electroweak
symmetry is hidden

o Higgs field gets non-zero vacuum
expectation value

o Three degrees of freedom give
W™, W~,Z mass, one gives new
scalar boson - the Higgs boson

Image credit: Philip Tanedo
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Higgs Mechanism: Scalar Couplings Structure

Bosonic sector:
e EWSB gives mass to W', W™, Z bosons H

e Higgs couplings proportional to mf,v/z gHVV

2
2my,

8HvV =

Fermionic sector:

e After introducting Higgs field, can add
Yukawa terms to Lagrangian

e Higgs couplings proportional to fermion mass

my
Burr = Yr = oV

e v is Higgs field vacuum expectation value

e Loops (e.g. 7, gluon) sensitive to BSM physics
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Higgs Production at the LHC
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o Gluon fusion mode dominates

o Subleading modes essential to tag more difficult
decay modes and measure couplings
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Higgs Decays at the LHC
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Possible Extensions to SM Higgs Sector

e In the SM EWSB is achieved through a single complex scalar doublet but
many extensions possible

Additional EW singlet

e Mixing between singlet original Higgs doublet — two CP-even bosons

e Couple to SM particles in a similar way to SM Higgs

Two Higgs Doublet

e Predict 5 Higgs Bosons: 2 neutral CP-even, one neutral CP odd, 2 charged

* e.g. MSSM
o Typically require that models satisfy Glashow-Weinberg condition, e.g:

o Type |: one doublet couples to vector bosons, one to fermions
o Type Il: one doublet couples to up-type quarks, the other to down-type and leptons
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How does new physics modify Higgs couplings?

e New physics (e.g. extended Higgs sectors) can modify the Higgs couplings
e Modifications depend on mass scale of new physics

e For new physics at 1 TeV scale modifications are typically ~ 1 - 10 %

Model Ky Kb Ky
Singlet mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ -0.001% ~ 1.6% ~ -0.4%
Composite ~ -3% ~-(39)% ~-9%
Top Partner ~ -2% ~ 2% ~ +1%

From Snowmass Higgs Working Group Report

8 of 39


http://arxiv.org/abs/arXiv:1310.8361

ATLAS detector

¢ Successful operation of ATLAS
detector in run |

o 46fb1ats=T7TeV,
20.3 fb=! at /s = 8TeV

o ~ 95% of recorded luminosity
et cotormaert ™ good for physics

Wr electromagnetic calorimeters

Semiconductor racker

e Strong detector
performance achieved
in challenging
environment

AMMRSAMARRARAAR RasAL
180F" ATLAS Online Luminosity

160) B G-8TeY,[Lot=217f0", > =
[ G=7TeV,[Lt=5210", q= 9.1

T
35E ATLAS Online Luminosity
— 2010ppVs =7 TeV
— 2011 pp V57 TeV
—2012ppN5=8TeV

Delivered Luminosity [fb]
o
b

o Average 21

Recorded Luminosity [pb/0.1]

interactions per 0
bunch crossing 5
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o Higher than design Month in Year Mean Number of Interactions per Crossing

pileup
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Atlas Higgs physics programme

e ATLAS has published a broad selection of results in the Higgs sector in run |

Mass

Couplings

Spin/CP

Differential distributions
Rare decays

and more ...

O O O 0O O O

e Focus on measurement of coupling properties today

e Don't have time to discuss individual analyses in detail

o Instead a selection of highlights from main inputs to ATLAS combined coupling
measurements
o For bb see Paul Thompson's recent seminar
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http://www.ep.ph.bham.ac.uk/general/seminars/slides/Paul-Thompson-2014.pdf

ATLAS Higgs couplings measurements

ATLAS has recently released updated results for the five most sensitive SM
channels using full run | data:
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http://arxiv.org/pdf/1408.5191.pdf
http://arxiv.org/pdf/1408.7084.pdf
http://arxiv.org/pdf/1409.6212v1.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-060/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-061/

‘Signal Strength’ 1

e Measured rates reported relative to SM prediction

e Signal strength defined as:

o-BR

r= osm - BRsy

e Measured in decay modes and also for their combination

Also able to measure rates for specific production modes
o Typically denoted with a subscript

o(ggF) - BR

HegF = —USM (ggF) “BRen

Often combine bosonic/fermionic production modes
O MggF+ttHr HVBF+VH
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Statistical techniques

o Confidence intervals based on profile likelihood ratio

L(a,OA(a)) __ Maximum likelihood for given o
L(a4,6) Global maximum likelihood

ANa) =

e Depends on one of more parameters of interest, «
o eg. (i mn), (KgeF 1vaF)

e Systematic uncertainties modelled using nuisance parameters, 6

o Typically constrained by gaussians
o Model uncertainties and their correlations

e Likelihood functions built using sums of signal and background pdfs in
discriminating variables
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H — 7zZ(*) — 4/ analysis

¢ Low rates but final state with good mass resolution (1.6 - 2.2 GeV) and high
S/B (0.7 - 1.8)
o 0 x BR~ 2.9 fb for my = 125.5 GeV

. . . 5‘ T T T T T T T
e Two same-flavour, opposite sign lepton pairs 509 TR EEE
. 5 ogtygpt C . i
e Low pr electron/muon performance critical 08 o x ox E
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. . . ] inl <247
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reduce background 07 1° L Lamas p 22 o Looselliue
> LI e e e L 06 EE Latozoay? " VeTONLLH
8 0.1~ ATLAS Simulation . 4 . 061, B BTV Z e . Ve‘ryT\gh‘!LLH“Mci
g [ e m-1250ev 1 e mz constrained 10 20 30 40 50 60 70 80 90 100
0,08 e ] . s E; [GeV]
gO0BL — caussinii ] kinematic fit for my» r1eeV]
i [ H-ZZ*-.2p2el2e2p 1 7;
~0.06— = 3
£ L Vs= ] 3
E [n- T8 001 oV ] e FSR photon recovery e
° | 0=177 £0.01 GeV ] . |
2 %O Cracion usie + 20:20% 1 for mi; candidates s’ ]
0.02F . ] i”):‘”'s 2012 data, chain 3
T winzmass constaint $ 1 e E_p combination for e ATLAS Prefiminary
[ ‘ ) E
085 00 F pT < 30 GeV e . 3
mzuze[Zezu [GEV] 0 5 10 15 20 25 30 35 40 45 l5‘0
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H — ZZ(*) — 4¢ categorisation and fit model

e Multi-observable fit in production-tagged categories
o Exploit use of BDTs

ATLAS

4l selection

|

High mass two jets
VBF

|

Low mass two jets
W(- H, Z(~ j)H

|

Additional lepton
W(- IV)H, Z(~ I)H

|

ggF
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H - zz* - 4]

VBF enriched

VH enriched

ggF enriched

ggF categories:

e Fit mye and BDT with LO matrix element
kinematic discriminant, p%¢, n*

VBF category:
e Fit mse and BDT with jet kinematic variables
VH categories:

e 1D fit to mae
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H — ZZ(*) — 4¢ categorisation and fit model
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e 5 events in VBF-enriched category, 1 with BDTygr ~ 0.7

e Uncertainties dominated by statistical component

[ggF+bbH-teH X B/Bsw = 1.779%
uvBr+vH X B/Bsy = 03%'%

H x B/B,

‘ggF+bBH-+EH M

o Expected uncertainty on pygrivi reduced by ~ 40% compared to preliminary

result
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H — ~~ analysis

e H — v decays through t and W loops in SM 3 °*F r‘“
v 0.14 S=8TeV
o Negative interference between t and W Y oa2f :‘Wl'mh”;msev

. . o entral - high p.

contributions § o e

. . 2 o0osf ;rwa‘:«:\uwpT

e Two isolated, high pr photons S 006k owe
e Search for narrow peak (mass resolution 1.3 - Zz‘z"
1.8 GeV) on top of background (S/B ~ 3%) E
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H — ~~ categories

Comprehensive categorisation scheme targetting 5 main production mechanisms

comaonp, [T 7T
—— T amas ] Untagged:
Forvard high p, . JLdt=4517 [5=7Tev i . i
P e faz20smt EzaTev e Split based on p7: and position in detector
VBF tght H - yy.m,=1254GeV ]
N VBE:
e | e Cut on output of BDT
A i S
P T A e Loose and tight categories
-2 0 2 4 6 8 10
. Signal strength
m T T T T T T T
e . M H - —H  —Total
e Sensitivity to separate WH and ZH P —sa. ]
. . i . [ — Syst. 3
e Hadronic, leptonic and E¥"° signatures b F ———1 v
. Hyge H= ATLAS
ttH: "B dt=45M" 5=7Tev ]
. . [ et dt=203 1" (5=8TeV
e Hadronic and leptonic top decays * r
n - H — yy,m, = 1254 GeV
Signal strength for each production mode TR
. . ignal streng
consistent with SM
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H — WW®) — fufy analysis

e High rate, relatively clean final state (ee, ep, pu with EF™ss /pTiss)
o Mass resolution ~ 15 GeV
= background control crucial

ATLAS Simulation Prelim.
MC sample for ggF H — WW*

e Several background sources

3 @ » miss
. . . . . P
o WW,W-H+jets,tt,single top, Zvy*, Z— £¢ estimated % 003 I RMS=12.4
in data using control regions 5 s s DEM
o Other diboson process estimate using MC = 002f s RMS=15.9
o Background composition depends on lepton >
flavour, Njets 0.01F s S
0 Il
e Improvements with respect to preliminary analysis Reco. - Gen. for p™= or E{™ [GeV]
o Track-based missing ET 3 o . —
o Electron Likelihood 1D 2 osh R
o Reduce lepton Et threshold 15 — 10 GeV £ Y EusngEm®
. T
o Optimised event categorisation é 0.04 - RMS=18.8
=}
e Overall 30% reduction of uncertainties on 1 002
w.r.t preliminary results o
-100 -50 0 50

Reco. - Gen. for m [Ge'
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H — WW®) — fuly categories and fit model

Pre-
selection

e Transverse mass mr used as discriminant in fit
o In VBF categories use BDT instead

o Fit in several signal and control regions

en ee/pp ep eefpup

o Rates for ggF and VBF processes consistent with SM

e Observe VBF production with 3.20 significance ou (BTV) en ee/un

i .
ggF-enriched VBF-enriched

T T T T
TLAS Preliminary ~ {s=7TeV [Ldt=451b"
~WW* - viv V5=8TeV [Ldt=203fb

ATLAS brelimlnary‘ ]
HoWWehiv.. 13 0
Vs=7TeV [Ldt=45f"

ls=8TeV [Ldt=203fb" |

Hoee

-2InA

+ Best Fit
+ SM

2. L
4 L 0.36,4.00) .37,4.00) 2o
1. i ]
2 -
0.73,1.00) .04,1.00) o
0.5

(1.25,0.0) I L L L
1 2 3 4 ; 5

uz HygeMoge
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H — 77 analysis

e Three final states used in analysis
depending on 7 decays:

O TlepTlep
O TlepThad
O Thad Thad

e Z — 77 and fake 7 backgronds dominate

e Use missing mass calculator

o Use visible 7 decay products and E;’.’iss to
find most-likely m -

e Z — 77 background from Z — up
embedding method

e BDT used as a discriminating variable in
a 6 category (VBF and boosted for each
final state) fit

o Cut-based analysis as cross check
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Signal Efficiency

p,>15GeV, Inl <25
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H — 77: evidence for Higgs decays to fermions

3 [ ATAS preliminary | ata £ 10 T T g
S 80~ H-. 1t VBF+Boosted —HO2) 1) o~ E|
H H 2 [ {5=7Tev,45f" .z i £ ]
e Direct evidence for § oo oo , Mo oL ]
coupling to fermions at s E i
o L ] [ ]
4.50 level (3.50 exp) E ] v
.44 : o - N = 4
® U= 142t%38 consistent S 20F T e f 3 ATLAS Preliminary E|
. g f H0 (=10 E f5=8Tev, 20310 ]
with SM Yukawa I e ]
coupling prediction £ 0 ‘ ‘ TR B J
pling p g 50 100 150 200 4% 2 101
mIMC [Gev] log, (S/B)
> 50000 T T
G as000F- ATLAS Low e
2 f5=7Tev N 1 gd v
o 40000 Ldt=24.8fb
5 55000 fjjfvl ' Dot S e ATLAS also searches for H — upu
£ 30000
® No observed excess of events
e In SM BR(77)/BR(up) ~ 300
= The Higgs does not couple universally to
110 115 120 125 130 135 140 145 150 155 160 different flavour |eptons

My, [GeV]
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http://arxiv.org/pdf/1406.7663.pdf

Higgs mass measurement
e Precise measurement of my important for
determining couplings ok Fom
o For a shift in mass Amy = 400 MeV, -
o X BR(ZZ) changes by ~ 3%

T T T
JLa=ast: = 7Tev ATLAS

5 weighs Gev
i

e Background
— signal

o ATLAS my measurement uses high “
resolution modes H — vy H — ZZ") — 4¢

e Improvements with respect to preliminary
results . T
o Significantly improved e/~ calibration

e Systematic on my in v due to photon energy
scale reduced by factor 2.5

o
m, (Gev]

A A Eaa AR
35F ATLAS ¢ om
Horzze gy [ swimemscnein
[ e—
WY, srsematic uncerianty

-67ov: [La- 3’

o Improved lepton performace
o Likelihood-based electron ID

Events / 2.5 GeV
w
o

20

o E-p combination for electrons
e S/B for 2u2e final state improved from 15
12518 10

o Multivariate techniques in H — zZ™) — a¢

5
e BDT as additional observable in fit — 8% 08
improvement compared to 1D

0 90 100 110120 130 140 150 160 170
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http://arxiv.org/pdf/1406.3827.pdf

Higgs mass measurement

< 70T T T T T T T =
£ [ ATLAS —— Combined yy+4l
Ve VE=7Tev [Ldt=45m" Hew E
[ Vs=8TeVldt=203fb" —H_.zz* . 4 3
5:7 rrrrrr without systematics |
aF \ \".' \ '4‘ / / 1
3k 4 | { 3
2F E

1 1o
B Sl 1 S

0 123 123.5 124 1245 125 1255 126 126.5 127 127.5

m, [GeV]
e Combined mass from a
simultaneous max. likelihood fit,
where (1, and pae treated as
independent free parameters

o [ndividual measurements
compatibility ~ 2.00

o Compatibility in preliminary
result was 2.50
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H — v+ : my= 125.98 + 0.42(stat) 4 0.28(sys)
H — 40 : mp= 124.51 + 0.52(stat) + 0.06(sys)

Comined : my= 125.36 £ 0.37(stat) £ 0.18(sys)

R R R S R =
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8 7
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0

| I | f I | I
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Measuring coupling properties

e Most recent ATLAS couplings combination released March 2014

o vy, ZZX) — 40, WW) — = luly, 7+~ bb
o Also use combination to put constraints on new phenomena
o Many of the results shown so far today not yet included in combination

e Note measuring absolute couplings depends on total width:

U,-‘Ff

oxBR(i—H—f)= r
H

In SM 'y ~ 4 MeV!
o Not possible to measure directly at the LHC
Alternatively, measure ratios of couplings
o Dependence on 'y cancels

Updated couplings combination with final results planned

o Possibility to include searches for rare decays and ttH production in future
combinations
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https://cds.cern.ch/record/1670012/files/ATLAS-CONF-2014-009.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-010/

Production mode rates

e No combination of figr, pver

ATLAS Prelim. |[~-o(tat) i :
S Pre o5ne) 101! uncertainty possible between decay modes
m, = 125.5 GeV th + 10 + 20 b e . .
070( eory) / o Can't distinguish between production
H - yy - 05 \ T — and decay for deviations
+0.4 e
[ gl 02 / . P
= 1,270 0 7 . e Combine ratio instead
- S ] |
23 _ 12405 +0.4
Hozzooa oo . 1veF [ pegr+ur = 1.470575 (stat) g5 (sys)
u - 0. . .
pesw = 67241 07| P e 4.10 evidence for VBF Higgs
—— 09188 N T .
BW) production
H~ W b [0 .
uvapw_lsﬂ_g»m \. . < AT T T
Hogren — —"0-10[703 N L. = ATLAS Preliminary
- | L—T o 3
b Vs=7TeV [Ldt=4.6-4.8 o™
Hot :ig E (s=8TeV [Ldt=203f"
[T w |08 \ 16E _
u::iﬁ = 1-7T1v2 f:3 \\ 14F m, = 1255 GeV
— il 12F
+0.5 / 10F- .._.Z(;,'."bmeu d
Combined 0.4 \ yz X el expecte
+0.4 \ [ E
Mogrom — 1.4707[ 0.2 \ / 6
goF st 0502 ‘ ‘/ ‘ [ 4F =
s=7TeV [Ldt=46-481b" 12 4 5 o B i SO = e I B e
3 M m -05 05 1 15 2 25 3 35
Vs=8TeV [Ldt =203 fb VBF+VH ggF+ttH W iu
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rk-framework

e Framework for couplings based on LHC Higgs Cross Section Working Group
recommendations

¢ Leading order framework for a single, SM-like Higgs boson under specific
assumptions:
o Single resonance with a mass near 125 GeV

o Zero width approximation holds
o Tensor structure of couplings assumed to be the same as SM

° JP:OJr

o Define couplings scale factors & :

0,-~rf_o,$M-rfM K2 - K2

FH Fﬂ‘” K‘,i,

c-BR(i—H—=f)=

e k; = 1 corresponds to the SM

= |ldea is to Look for deviations from SM rates
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http://arxiv.org/pdf/1209.0040
http://arxiv.org/pdf/1209.0040

rk-framework

¢ Framework makes no specific assumptions on additional states of new
physics which could interact with the state at ~ 125 GeV, in particular on:
o Additional Higgs bosons
o Additional fermions, vector bosons or others scalars (which don't acquire a VEV)
o Invisible decay modes

Test benchmark scenarios based on this framework

e Fermion vs vector couplings:

o Tests EWSB, Yukawa coupling model

o One scale factor for vector bosons and one for fermions
e Fermion structure:

o Many SM extensions (e.g. 2HDMs) predict deviations in fermion sector
o One scale factor for up-type fermions and one for down-type
o One scale factor for quarks and one for leptons

Several other benchmarks also tested
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Vector boson vs fermion couplings: H — ZZ*) example

e Benchmark model with one scale factor for all vector bosons (xv), one for all
fermions (kf)

R S A A senenspans
o(ggf) - BR(H — 22) 5F Hozzr- 4l ~9smCL

HegFiH—2Z = [ 5=7Tev fLat=45m" +5M ]
osm(ggF) - BRsy(H — 22) 4i =87V [Lot=203Mm"  My=125.36GeV ]

_rEy F ]

“%.1(“%:7“%/) 3L {

,i%/ . H%/ [ ]

HVBFH—2Z = —5 5 5% oF E
ETERE : ;

. / [ E

e xu(kF, kv) is a scale factor for [[9* 1 1
9 H L ]

2,2 2 2 2 r b

ky(RE, ky) =a - ke + B - Ky 0 ‘o‘e“‘o‘s““1”‘1‘2“‘1‘4{“1‘6“1‘5”2

Ky
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Vector boson vs fermion couplings

> T
E  ATLAS Preliminary ¢ H
Gertevfucasien AR

e Total width is sum of known SM Higgs decay modes

o Modified appropriately with ky and kg

£ » Hoal E

kv = 1.15£0.08 “

017 2 T
KF = 0.997g 75 N T
Combined H- yy,zz*Wwrpp ~ SMexwected 7
R \
L . o ; ]
e Only relative sign physical — set ky > 0 N /
e Sensitivity to relative sign from interference in o . E
H— Yy decays o5 0‘9\. iM 131
e 2D compatibility of SM with best fit 10% S Spe AR AN APRIRAN
b BerTev. fl=asasnt
o =8 TEV‘ILdI =2036" S oxpected 1

I Combined H- yzz+wWwexps

Free parameters: o+ \/ \ / E
KV, KF {
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Vector boson vs fermion couplings

e Assumption on total width gives strong constraint on kr
o Total width in SM dominated by b, 7 and gluon decay widths

e Relax assumption by measuring ratios of scale factors

6& 10;‘ »‘A';'I:A‘S‘Eréli‘rn‘inie\r)‘/‘ T ‘p“:\‘/v'(‘v\‘/]‘ ‘ 3
. . S [ V5=7Tev [ldt=4648f" _ B
e Take ratio of fermion and vector scale g si 3-8 Tev, JLat=203 1" Obsenved ]
factors Apv [ Combined H-. yy,zz*wwrrrpb ~~~ SMexpected ]
e Then kyyv is an overall scale factor i H N
which applies to all rates A ' .
+0.14 P \ / F—
)\FV = 0-86_0‘12 r \\\ '. +
40.16 C’\HHm‘H\HH\HH\H\%«"H\H’
kv = 1.287475 15 -1 05 0 05 1 15
)\FV

Free parameters:

AFy = /{F//i\/, Rvw = Ry * K'/V/HH
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Up-type vs down-type fermions

e One scale factor for up-type fermions and one for down-type
e Some SM extensions (e.g some 2HDMs) predict different couplings for up- and
down-type fermions
o e.g. MSSM
e Take ratio of down and up scale factors Ay,
_ +0.20 e
)\du - 0'9570'18* 5,% 10— A'I"LAS l"—’relimir‘\ary ‘ ‘ ‘ [)\Vu")\du'KUU]‘ a
_ +0.24 ® b (s=7TeV, [Ldt=4.6-4.8 fo" _ 1
Avu = 1.21707% o F E=8Tev,}Ldl=20,3fb'1 Opserved l
C . " W ==~ SM expected 7
Ky = 086t%§l1 : Ct?‘mbl\nedH W.2Z W'W 11,bb -I g
e\ \ i 14
For positive minima E \ / x /’ 1
. “ [ ) ;
e Little sensitivity to relative sign \ / \ / ]
oL \ .
e 3D compatibility with SM 20% F ]
y 07Hm‘Hm“X_H/‘H\HH\HH\H\/TH\HHF
-2 -15 -1 -05 ©0 0.5 1 1.5 2

e 3.60 evidence for coupling to
down-type fermions

>

g

Free parameters:

Adu = Kd/Kuy Avu = Kv /Ry, Ko = Ku * Ku/KH
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Off shell Higgs couplings

e H — VV high mass region has sensitivity to

off-shell Higgs production

dopp sH— 77

2 2
8Hgg8Hzz

i
=]

—
ATLAS simulation Preliminary Vs=8Tev
99 - ZZ ~ 2e2u
g He = 22(S)
9- 22 (8)
99~ (H-)zZ
=- 99~ (H'-)ZZ (=100

dofdm, [fb/GeV]
=
o

2 ~ 2 2 22
dMy, (Mg — miy) + my T

e Using k language

2.2 10°
Kgh P
Hon—shell = —75— Hoff —shell = Kghz i
Fh 10-‘\”‘\”‘\‘”\”‘”‘4
5147”‘_”_”_”_”‘H_H_i 200 400 600 800 1000
N 12 ATLAS Preliminary ] m, [GeV]
[ 22v+4i+4l,, ., combined 1
10f-V5=8TeV: fLdt=203 "
g T oo ] e Combining on- and off-shell results, can
[ erpeednoont 1 interpret as measurement of 'y
6 J
F 1 e Measurement performed by ATLAS using
4= |
i 1 H— 2Z") — 4¢and H — ZZ™ — 2020
2- b r
H
T I .W<5'7at95%CL
% 14 Iy
rrad
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-042/

Constraints on new phenomena I: Additional Electroweak singlet

Two Higgs bosons, one light (h), one heavy(H)
Couple to vector bosons and fermions similar to SM but modified by scale
factors

ok+rK =1

e h couplings same as SM, modified by s
e H couplings modified to take into account new decay modes (e.g. H — hh)

ATLAS Preliminary EW singlet
_n (s=7TeV: [Ldt = 4.6-4.8 b Obs. 95% CL
pr = K (1 — BRu,new) Vs=8TeV: [Ldt=20.3 fb* = === Exp.95%CL
” Combined h — yy,zZ*WwW#ttbb  —— = SM

1—,U,h

Best fit at k2 = —0.307%1%
o 1.5¢ from physical boundary
5’2 2 0

Set limits in pH, BRH,new
plane
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Constraints on new phenomena II: Invisible branching ratio and dark
matter portals

g T
. . . . . .. z [ ATLAS Prel h — W, ZZ*, WW*, 1T, bb,
e Derive upper limits on Higgs BR to invisible S nf E:ﬁ.,,vfli;.m:agum* SRS
- ~ T F ! —obs. —exp.
final states e :

_ - 1 _
E—ETE\AJ’L&I-Zniﬂh b W, 22, WW, T, b5
%o BR] wer0bs, -e-exp.

e Uses couplings combination combined with
upper limits on ZH — (0 + ET"™° process

e BR; < 0.37 at 95% CL

I L 0, N>
-0.8 -06 04 -02 0

LB

L I
02 04 06 08 1
BR;

EroET T A prtmin |
2 N B e Higgs portal models introduce
weakly-interacting massive particles as dark
matter candidates

o Assumed to interact weakly with SM particles

Z 1041
o~ 10

=7Tev, fLdt=46-481"
s =8TeV, [Ldt=20.3 "

0% ey b2z, hwe b, except Higgs boson
ol h-tt, h-bb, Zh— IHET™ ] P . -
W07 oavansra@omcy  Amasesscyn ] e Can compare limits with direct dark matter
o3[ I CRESST (95% CL) Higgs portal model: ]
10 [ CDMS (95% CL) searches
o5 T eNoNI0 (0% CL) .
10 —— ENonm 0% <L) ] o Assuming myvp < 0.5- my and
0%kl vl il H — 2WIMPs accounts for all of BR;
1 10 10° 10°
m, [GeV]
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LHC upgrade timescale

e HL-LHC upgrade proposed
o Goal to collect 3000 fb—1 by 2035

LHC / HL-LHC Plan e{'}gy

Ls1 14 TeV. 14 TeV
13-14 TeV

energy
Jector upr sto7x
aploo consolidation cryogenics Pont s
8 TeV bution collimators’ dapeesion cyolmit HL-LHC Instalation !
7Tev ool e adon luminosity
AL, ok suppecssion

= B IR 2
.

75%
nominal
tuminosity | experiment beam pipes

Exd

2 nominal luminosity
nominal luminosity

phrase 1

‘oxperiment upgrade phase 2

e Corresponding proposals for upgrades of the LHC experiments

o Central feature of ATLAS upgrade programme a new, all silicon tracking system
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Prospects for Higgs coupling measurements at a HL-LHC

ATLAS Simulation Preliminary

fs =14 TeV: [Ldt=300 fb" ; [Ldt=3000 fb*

H-yy  (comb)

H- ZZ (comb.)

H- WW (comb))

H- 2Zy (incl.)

H- bb (comb)

H-oTtt (VBF-like)

H-pp  (comb.)

1

o
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ATLAS has studied the prospects for Higgs
coupling studies with 3000 fb~*

Generator-level MC with parameterised model
for detector efficiency and resolution

o Parameterisations from Geant4 simulation
o 140 interactions per bunch crossing

o Systematic uncertainties same as run |
o Data-driven uncertainties scaled with int lumi

Hashed bands: theoretical uncertainties at
their current level

Projections typically based on older versions of
analyses - do not include recent improvements

Possible to measure decay rates to sub 10%
level




Prospects for Higgs coupling measurements at a HL-LHC

o Potential to measure coupling ratios down to
ATLAS Simulation Preliminary pine

few % level with 3000 fb™!
Vs =14 TeV: [Ldt=300 fb™ ; [Ldt=3000 fb* %
SRR RRE R RRARE e Projections in terms of scaling of couplings as

Kaz for run |, but likely to move to a more general
N framework, e.g. effective field theory
\\74
N [ : : :
19 1 L ATLAS Simulation Preliminary
E hoyy, h—ZZ* -4l hsWWosiviv Z.
Ay S F ot hosbb, hospp, hsZy V-\'l‘ E
1ot I o i o ] - ]
E BR,=0 E
M F b ]
A 10%e = sotatev E
(4 c 1 el |
r —[Ldt=3001" ]
; e L]
Mgz [Ldt = 3000 fb E
Az s {
2 I
2
Lo, 3

0 005 0.1 015 0.2 0.25
K
)
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Conclusion

ATLAS Preliminary Total uncertainty
my=125.5 GeV +10 +20
[ ‘ / -
R YRR U
/ | y—
= #0.17 \ /
K.=0.99'017 ]
= -
it
7
W
/
/ A\ .

/.
/
J/ i
N ‘ e oar

[ @95HCL. .1

-2 -1 0 1

=7TeV fLdi=46-48 1" Parameter value
=8TeV fLat=203 1"

e So far no significant
deviation from SM

e Increased precision
anticipated during next
LHC runs and beyond
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e ATLAS used LHC run | dataset to probe the

coupling properties of the Higgs

o Results suggest that a non-zero VEV of a
scalar doublet is indeed responsible for EWSB
o Evidence for Higgs decays to fermions also
seen in 77 final state
o Observed rates agree with SM Yukawa coupling
prediction

I sM fit with M, measurement

HiH ATLAS measurement [arXiv:1406.3827]
CMS measurement [arXiv:1407.0558]
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