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The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and
Peter W. Higgs “for the theoretical discovery of a mechanism that contributes
to our understanding of the origin of mass of subatomic particles, and which

recently was confirmed through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's Large Hadron
Collider”




L;:MS SM H Boson Production and Decay at LHC
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Gluon fusion (gg—H) it the dominant production
mechanism at LHC but VBF, VH and ttH allow to
test H properties.

. . 10° -
WW and bb decays are largest contributions but f l e
vy, Tt and ZZ decays important at low mass due ' :
to large SM irreducible backgrounds, ... 1086~ qo0 120 140 fe0 180 200

~125 GeV My [GeV]
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CMS :
,,// Beyond the observation of a new boson @ 125 GeV

Results from “July 4th 2012” discovery papers:

CMS ATLAS
Local p-value 5.0 o + Nothing else significant 6.0 0 + Nothing else significant
Mass [GeV] 125.3 £+ 0.4 (stat.) = 0.5 (syst.) 126.0 £+ 0.4 (stat.) £ 0.4 (syst.)
Signal Strength 0.87 +0.23 1.4+0.3

- Compatible with Standard Model expectation

Phys. Lett. B 716 (2012)

But is it THE Standard Model H boson ?

O Does it decay to fermions (t, b) as expected in the SM ?
L Are all the couplings (y, W, Z, t, b, gluons, ... ) SM-like ?
U What are its quantum numbers (Spin and CP) ?

L What about individual production mechanism strength
(gg, VBE, VH, ttH) ?

- CMS/ATLAS have been answering these questions in
the last year ... and seek for high precision at Run-2/3/4

(1 Is there more H bosons ?

> First searches by ATLAS/CMS available ... more to
come in next year(s) and LHC runs
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CMS

Sensitive H boson channels @ 125 GeV

Measure rate of Higgs events with different production and decay combinations.
Cross-contamination of production and decay channels in categories.
untagged | jet-tag VBF VH ttH
H- vy used
H=>WW=22v| < va g
H=2ZZ - 4| possible
H = bb UA UCL
He=TT ULB/UCL
H=2Zy
H=>pu
H = invisible UCL/ULE

N.B.: ULB: H>ZZ->2I2n (high mass search) , UCL: tH->b’s - talks this afternoon/tomorrow
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U Analysis separated in several di-
photon categories to exploit different
S/B ratio.

U Dedicated VBF categories: 2 jets well
separated in pseudo-rapidity

0 Background shape fitted from the
data m, invariant mass > search for
narrow peak resonance on top of
smooth background
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CMS: HIG-PAS-13/001
- final update/paper coming ...
ATLAS: Phys. Lett. B 726 (2013) 88-119
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- 3.2 o evidence by CMS and 7.4 ¢ observation by ATLAS @ ~125 GeV
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CMS

H->Z7Z - 41

CMS: arXiv/1312.5353

ATLAS: Phys. Lett. B 726 (2013) 88-119

Q Search for a narrow peak in 4-leptons
(e,u) invariant mass

O Low background from Z, ZZ and Z+jets

0 Use kinematic discriminant and/or
categorization to enhance S/B separation

e Data 2011+ 2012
I SM Higgs Boson
m,=124.3 GeV (fit)
[ ] Background Z, 2Z*
B Background Z+jets, tt
W Syst.Unc.
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-> Observation by ATLAS (6.6 ) and CMS (6.8 c) @ 125 GeV
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CMS

g Mass measurements
CMS H->vyy CMS H>2Z->4l ATLAS H->yy & H>ZZ-4l
HIG-PAS-13/001 arXiv/1312.5353 Phys. Lett. B 726 (2013) 88-119
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> ATLAS ZZ+yy combination:

- CMS ZZ+yy combination to be done ... 125.5 & 0.2(stat) ¥33(sys) GeV.
- “Overall agreement” on m
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CMS CMS: arXiv/1312.1129

g H 9 WW 9 212V ATLAS: Phys. Lett. B 726 (2013) 88-119

cMs 19.4 fb™' (8 TeV)

100

E SM H — WW — 2I2v §
0/1-jet H>OWW-> 212v DF Analysis £ 80 -
€ 2 isolated (ep/ue) leptons: p; >10 ,20 GeV -

& p;,> 30 GeV : B
¢ Missing E;> 20 GeV a0

¢ Top veto: Jet b-tag + no soft u : I5
€ Jet counting for |n|<4.7 and p;>30 GeV 20 o

backgrounds

Background from data driven techniques
& WH+jets (fake rate method)

€ Top (estimated from control region)

€ Wy /Wy* (MC shapes + data norm.)

€ DY (estimated from control region)

€ WW (estimated from control region)

Events / bin

Other backgrounds:
& ZZ/NZ/Tri-bosons = MC predictions

Events / bin

Signal Extraction

€ CMS: 2D Shape analysis:
- my : Higgs boson transverse mass
- m, : di-lepton invariant mass

€ ATLAS: m; 1D shape

L L L 1 L
60 80 100 120
my [GeV]
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arXiv/1312.1129
ATLAS: Phys. Lett. B 726 (2013) 88-119
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-> Evidence for H>WW->2I12v by ATLAS (3.8 ¢) and CMS (4.3 0) @ 125 GeV
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VH - bb

WH - Ivbb ZH - llbb

U Largest number of Higgs decays at low
mass but Lots of background (jets)
dTrigger based on leptons and missing E
U b-jets identified through displaced tracks
(b-tagging)
dGo to high p, where Higgs is enhanced
Main background: W/Z+jets and top
-> Define signal free region to
constraint them from data
UJATLAS: Cut-based analysis
L CMS: Boosted Decision Trees + shape fit

X. Janssen — 23/1/2014
Latest LHC results on H boson measurements and prospects

ZH - uubb like event




S/(S+B) weighted entries

80

60

40

20

o

VZ Control region

VH - bb

Combined BDT shape

L lclMlé N T T T T | T T T l. I Dlatla L I LN B B I— § 10; ;_{C_Mls f . 6 Da“ T
B g 1 % - (s= 7TeV,L=5.01b" VH
L \S= 7TeV, L = 5-0 fb1 - VH g :gb g- {;= 8TeV,L =189 'b-t :] Background
- \s= 8TeV,L =189 fb™ Clw b e pp —» VH; H > bb —— VH(bE) 125 GeV
'_ pp— VH; H— bb — Sub. MC uncert. _' o° E— ~—— Background uncert.
- ~——VH+VVMCuncert. | 10° -
i 1 10 é—
B i 1
L 10" |- . E
L .  yidof =0.98 =
L 1 . BE E
B 188 & ottt &
r 1 T g5t Ratio wrt. background E
B -9 7 - i
;_% ] . 1'5:_ ¥ dof =0.64 _
L - 1 o rW’ H‘H— ~
Covv v Uy v v v b v v v b Ly a g 14:: 8)% 0.5?—- Raﬁo w.r.t' (Signal+baCkground) +
50 100 150 200 250 435 3 @5 2 95 T 050
m(jj) [GeV] log(S/B)
6
g- | — CL_ Observed
o - - -1 ——
— 1s=7TeV,L=50fb L CL. H125 injected
£ 5 1s=8TeV,L=189fb" « ___.. CL, Expected
j . pp— VH;H - bb CL, Expected + 15 |
S) CL_ Expected = 26
o 4
S
=3 2.10 observed excess!
< 3
2 2.1c expected @ = -
32
o 2
o e
............... ...o.""
1 _.W—L——
{ !
110 115 120 125 130 135
my [GeV]

ATLAS Prelim.
m,, = 125 GeV

- o(stat)
o(sys)

Total uncertainty

VH(bb), 7 TeV

‘4:0
n= 0’6-3_5

VH, 2 leptons

o(theo)

+loonpu

Lol

VH(bb), 8 TeV
u=06_—

Comb. VH(bb)
w= 0.2*07
-0.6
""""""""""""""" 4097
VH,Olepton pn=05_

"""""""""""""" 1.0
‘VH,‘ 1 !ept_on n= 0.1,

6 |<0.1 ,

VH, 2leptons 1 =-0.4 "

L

I 1 " |

L

| I 1 . |

1

1

1
:l .

i'-ln t i

3= I

I

ll

1

|

1

|

fs=7TeV [Ldt=47fb"
s=8TeV [Ldt=20.3fb"

ATLAS: -

g

20 2 4
Signal strength [u]

Fitted signal strength

— 7+8 TeV: u=0.297
95% CLs @125 GeV

— Expected: 1.3xSM

— Observed: 1.4xSM

Results consistent with SM
H—bb and background-only
hypotheses
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CMS/ . .
L,_.-::-ff--f H - Tt : Analysis overview

’ 1

0 Search in ggH, VBF and VH production modes and five di-t final states:

g u u

¢ o Ho1t—up (Tp‘rp),
o\ T W) Hotr—e TT
. - , i (t7),
I o oetesace
-« Ho1t—pthad. ('r“'rh),
r ’ i « Ho11—e+had. (1),
g ggF H->t'T d VBF H->t't J WH->gqt't « H—>t1—had.+had. (‘rh'rh).

O Separation in categories to enhance S/B (CMS example):

0-jet 1-jet 2-jet
P > 100 GeV
500 GeV |my; > 700 GeV

Gev Anyl>3.5  ||Any| > 4.0

high p(ty)
high high
HT, p(r)>45Gey  BOPr(m) - ighpi(m) fpooc
loose
baseline low pi(ry)  low py(ty) VBF tag
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CMS,/
H->7rv : background estimations

CMS Preliminary, 19.7 fo" at 8 TeV ARANIT= L I=UU™Y
Ll L} . . Ll L Ll

l L] L) l L) L] L] L l L
sessss SM H(125 GeV) 1t

All normalizations
are data-driven

g

dN/dm._. [1/GeV]
8

0-jet low p T(t,‘)

0 100 200 300
m,, [GeV]

QCD:

* Normalization from ratio of
same-sign(SS) to opposite-sign (OS)
data events

* Shape from SS data events
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95% CL Limit on c/cs

% H - 7t : Results
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O Evidence at 4.1 o (ATLAS) and 3.4 o (CMS)
level for H>1t
O CMS: p=0.87%0.29
O ATLAS: pn=14+05-04
2 O Mass compatible with mH ~ 125 GeV

- 115*8
Mpestse = 115, GeV
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= Couplings to fermions
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-> Strong evidence for coupling to fermions (despite ‘small’ deficit in ATLAS for H->bb)
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ttH Production
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-> Sensitivity approaching SM Higgs
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CMS

Results summary @ 125 GeV

ATLAS CMS o Mass Signal
Channel Lumi Lumi Specialty Obs. (GeV] strength | JP=0*
[fb-1] [fb-1] (exp.) W
mass, 7.4 (4.3) ioléigj 1.55 +0.33-0.28
H->vyy 4.8+20.7 | 5.1+19.6 | discovery, —
couplings 3.2 (4.2) L05L0.6 0.78 + 0.27
mass, 6.6 (7.2) N ;.264;3 e 1.5+ 0.4
H>Z7->41 4.6+20.7 | 5.1+19.7 | discovery, P
couplings 6.8 (6.7) L 04 :I: 0.2 0.93 +0.29-0.25
Cross 3.8 (3.7) Wclt‘;lmlg’;‘;‘Gbi‘;, 0.99 +0.31-0.32
H>WW=212v | 4.6+20.7 | 4.9+194 section, 75513638
couplings 4.3 (5.8) ’(u =.1)_ **1 0.72 +0.20-0.18
counlines — - 0.2+0.7-0.6 --
H->bb 474203 | 5.1+18.9 | (0P LS Compatinie
21Q1D) | i 195 GeV 1.0 £ 0.5 --
Compatible
. 4.1 (3.2) : 1.4+0.5-0.4 —-
H>vr 203 491194 tcofupllr.lgs with 125GeV
O TErmions |\ ; 4 3.6) 115 +8 -2 0.87 +0.29 -

-> Overall consistency with SM H boson expectations
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Coupling Measurements

Assume the observed signal stems from one narrow resonance.

I Yukawa a Gauge sector
(0 -BR) (it - H — ﬂ) _ Uu_ﬁ sector °,( m
rl l ° ‘ ” Mixed
Parametrize deviations w.r.t. the SM in production and decay. This implies precise . b sector
knowledge of the SM Higgs. Not considered are BSM acceptance effects. - °_e_° o

® one common scale factor
® scale vector and fermion coupling
e custodial symmetry

® new physics in loops

K2 - K2 BRsm(H — X) ° i
(0-BR)(gg > H 5 yy) = osm(gg—H) -BRau(H 5 7y) -t =3 k=0 BSM Higgs decays
K7 X
H oo
CMS Preliminary \s=7TeV,L<5.1fb" {s=8TeV,L<19.6 b
g_ I~ SM H. F i h b. Bk I s _I |||||||||||||||||||||||||||||||||||||| |_
2 -0 '9gs @ Fermiophooic W Bkg. only n\:w 10: ATLAS Prellmlnary 1
° g Vs=7TeV: [Ldt=46-481b"
z N Is=8TeV: |Ldt=13207"
> B ]
15 é 6 ' —Hoyy + Standard Model |
= B ; —HozZ" 54 X Bestfit ]
4+ Lol % —Howw vy —68%CL —
i B \:,“ —H-1t --- 95% CL 7
1 2 (3 -
: oF X N E
B L-1255GeV ]
7 TR S I U W W I W SN B
2 -1 0 1 2 3 4 5 6 7 8
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= General coupling fit

Kg, Ky: loop diagrams =* allow potential new physics
Kv. assume custodial symmetry {s=7TeV,L<51f" ys=8TeV,L<19.6 b’
Kt, Kb up- and down-type quarks CMS Preliminary - 68% CL
Kr: charged leptons = 95% CL
total w!dth from sum of partial widths Ky :
alternatively: :
l‘tot e Z l‘il‘ - I‘BSNI BRBQM — rBQM / rlot Kb .*
assumption here Ky, Kz < 1 '
| 5.0QUS Prelminay fs-7Tev <51 etV L< 100t Ky i
c 4 5 Ky Kg KVS1 ’ — Observed ; :
< U KXok BRogy | e forsmu ] '
40 7 £ Kt
3.5 1 E :
3.0F - . ;
25 : g .:
2.0 E :
: 1 K
150 : v|  — p. =078
10; ,”,’ ; ......................... YT T T T SV
0.5F -
PP z BSMT-_ [ky<1] p,, =088
0.05eeEat il O R— P — Lo - llllIllIIIIlllllllllllllIllllllllllllllllllllllll

0 0.2 0.4 0.6 0.8 1

BRgsu 0051152253 354455

- No deviation from SM observed but high parameter value
precision needed to look for new physics
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Direct H = Invisible searches

Significant BR(H->Invis.) would be a VBF H = Invisible
signature of BSM: toff STy e omnes e
D H 9 2LSPS in SUSY [ fe=TeVL=196M -V+iets 103; fe=8TeVL=1961 =V+iets

[ tt:DY+vV E tt+DY+VV

O H - gravi-scalars in ADD model

a...

- Sensitive to Dark Matter candidate
with mass m/2

Events / 20 GeV
r
Events / 100 GeV

Searches topologies:

. Q 4 Q Py
O VBF H > Invisible cus pas HiG 13-013): % |+ .+ + T s 3, | el et B
0 2 tagged jets with pT>50 GeV with g TS - MEAALAS
An(jj) > 4.2 , m(jj) > 1100 GeV, A¢(jj)<1 1756100 150 200 250 300 350 400 450 500 %00 15001560 2000 3500 30003500
U MET>130 GeV GeV]
0 Backgrounds: Z(>nn)+jets & W+jets S % e cuims CMS Preliminary
- data-driven estimates g o — Observediimit s=8TeV L=19.6 fb"
o) r - Expected limit
,:\ 25F [ Expected limit (10)
£ C Expected limit (2 o)
T 2ok
X
&5 155
o.sf—

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
1000 150 200 250 300 350 400
my [GeV]

X. Janssen — 23/1/2014
Latest LHC results on H boson measurements and prospects




> Direct H = Invisible searches
Significant BR(H->Invis.) would be a Z(I)H - Invis. Z(bb)H - Invis.
signature of BSM: ¢ g O 2t e e —

LA B B I S S B B B A B S B N B B B N B B S

rrryrrrTrrTrTTTTT T T T
CMS Preliminary .
fe=8TeV,L=189 "
ZGBHGnv)

1f enriched

g

d H > 2LSPs in SUSY

O H - gravi-scalars in ADD model

a...

- Sensitive to Dark Matter candidate M.
with mass m/2 i

Events / 10 GeV
2 3

Events/ 15 GeV

Searches topologies: §1s o
S ] g
O VBF H = Invisible (cms PAs HIG 13-013): & Recuood E° GeV] 200220 2 = oo

0 2 tagged jets with pT>50 GeV with

An(jj) > 4.2, m(jj) > 1100 GeV, A¢(jj)<1 .¢ [ CMS Preliminary — Observed
0 MET>130 GeV T " Combination of VBF and B Expected (68%)
0 Backgrounds: Z(>nn)+jets & W+jets o f ZhH—invisble | o Expected (95%)
L g 3 data-riven estimates E 7L iy o s o2
nvisible: O 1
Q Z > bb (CMS PAS HIG 13-018) B b
- Background: tt + MET s
QZ->1l (CMSPASHIG 13-028) 06
- Background: ZZ - 2I2v -
Q Search for events with large MET after 04—
requiring a Z-> 1l or Z->bb tag oof
C e b e b e b e e e b
> Direct limit on BR(Invisible) from T Eme e GeV)

combination: ~< 0.5 X. Janssen — 23/1/2014
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or next runs
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L H C Energy increase Injection
8 to 13/14 TeV upgrade
100@250s] ~_® Luminosity @ Ultimate luminosity 1000.0
PU=[200@50nsJ' > - e ~==Integrated - 'baseline’s+++Integrated - ultimatg ...+ Fa 5 o 15
» 3.5E+34 p N Py e 2
o 120 fb =
§ soe34 - px= @ 2 Luminosity-
256434 - 50 ns al . 8
50@25ns | ‘;’ 30 fb-! BX=25 0o £ leveled at
€ LSE+3 — e S inHL-LHC
pU=|5@%ns| 5 3 1 0g+34 10 @
50@50ns| © =
®  50E+33 . o | &0
@ a |'- )
o F. Zimmermann, CMS Upgrade Workshop, 11/2011 et
0.0E+00 \ ol B
g ¥ 8 9 3 89 2 5 8 2 8 = B
LS=L Shutd & &8 R 8 8 R &8 BB & & & 8§ _
= Long shutdown Year Interaction

Linstantaneous 8x1 033 Hz/ sz

Lintegrated 30 fb1
Pile Up PU ~40

ATLAS, CMS

2x1034 Hz/cm?

Phase 1 Upgrade

—

Upgrade plan e o e

300 fb-"

PU ~50

P




S e o °
,.__,/ Expected precision on cross-sections

ATLAS Preliminary (Simulation) CMS Pro;ectuon

Vs = 14 TeV: [Ldt=300 fb ;det=3000 fb’ Expected uncertainties on | - w;)le,';;z {5 = 14 TaV Scenario 1
‘ﬂm 300 fb ' extrapolated from 748 TeV Higgs boson signal strength B e e e SR S—"
. mmmmmmmemna
a v ol Ho 1Y 4
ttH . H—=un .
™ H—» WW 4 1
VBF,H-»tt
H 77 i M 22 } d
VBEH— WW | H > bb
H-—- WW Hatt
VH,H->yy : x , )
ol 0.00 0.05 0.10 0.15
UH,H-syy AL | expected uncertainty
VBF,H—yy ;
: e . Lib)|Ho17 |[HoWW | HZZ|[H—bb | H— 1t | H= Z7 | H— inw.
H-=yy (#) ; 300 [6,12] | [6,11] 7 11) | [(11,14) | (8 14] | (62 62) | 117,28] |
Hoyy BB T " 3000 | [4,8] | [4,7) 471 | 571 | 58] | [20,24] | [6,17)
0 02 04 06 08 Assumptions on systematic uncertainties
| . Scenario 1: no change
Relative uncertainty on signal rate g Scenario 2: A theory / 2’ I'eSt oc 1/JL
Based on parametric simulation Extrapolated from 2011/12 results
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Expected H Boson coupling results

LCM’S//'.

Kg, Ky, Kzy: loOp diagrams =* allow potential new physics

Kw, Kz: vector bosons CMS Projection
Kt, Kb. UD- and down-type quarks Expei:ted m;certainties on — T:sc-oomm -'s‘- 14 TeV Scenario 1
K, Ky: charged leptons Higgs boson couplings —i 3000 at 5= 14 Tev Scanano 2
total width from sum of partial widths i} :
: 1
alternatively: i *
K2 }
[ot = YT + I'sm :“‘
b
BRpsm = I'gsm/ I'tot )
assumption here Kw, Kz < 1 50 ke FETE e
CMS Projection expected uncertainty
L (fb~1) Kry KW K7 Kg Kp Kt K+ KZy Ky
300 [5,7] | |4,6] | [4,6] | [6,8] | [10,13] | [14,15] | [6,8] | [41,41] | [23.23
3000 | [2,5] | [25] | [24] | [35] | [47] | [7,10] | [2,5] | [10,12] |( [8,8] )

- coupling precision 2-10 %
- factor of ~2 improvement from HL-LHC

Snowmass Whitepaper for OMS -
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‘ CMS, ° ° °
L_,__-::‘ff:? Theoretical uncertainties

- s

To test the importance of theoretical uncertainties we show the effect of removing
them.

Theoretical uncertainties dominated by QCD scale and PDF uncertainties. Uncertainty
on BR and acceptance uncertainties become relevant at few % precision.

Process Cross section Relative uncertainty in percent CMS Projection
)
(pb) Total Scale PDF : ¢ e & ] oo !
— X 55 = Expected uncertainties on f=={ 23000%"#t {5« 14 ToV Scanano 1
Gluon fusion 49.3 ¥ 14.6 ’5]’ ':5'_2 Higgs boson couplings =1 3000%"at {5~ 14 TeV No Theary Unc
7 = 02.5 007 *2 1
\ BF 4.10 E. -04 -2.6
¥ .38 K. —
WH 1.474 +4.1 R = f
. ~4.4 -0.6 ~3.8
o +16.4 +2.7 +3.7 Kw —t i A theory = 0,
ZH 0863 ‘84 427 31 " Y
Ky —o rest unchanged
Channel Aa, Amy, Am, Theory Uncertainty Total Uncertainty xg 4 {
H — v 0% 0% 0% £1% £1% "
oy ,_* 4
H — b5 F23% *33% 0% +2% +65% .
H— & TI% 01K IO +2% +11% Ky !
H - gg v :f'J F0.1% 0% +3% +T% K, E e
H-71%r 0% 0% 0% +2% +2%
H-WW* 0% 0% 0% +0.5% +0.5% 500 ———0 65 510 0 11 ‘
H-2ZZ" 0% 0% 0% +0.5% +0.5% ’ ’ ’ ' .
expected uncertainty

Handbook of LHC Higgs Cross Sections: 3. Higgs Properties - http://arxiv.org/abs/1307.1347

- Any improvement on scale dependence (+jet counting uncertainty) and PDF
theory uncertainties will translate immediately to higher precision
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CMS.~ .
L,,// Comparison CMS-ATLAS
Cross-section (u):
L(fb™") Exp. ¥Y WW 7 bb TT Ly L
300 | ATLAS | 9, 14] | [5, 13] | 6, 12] | N/a | (16, 22] | [145, 147] | [d0,42]
CMS | [6, 12] | (6, 11] 41 [ [40,42)
3000 | ATLAS | 4, 10] [ [5, 9] [12,15]
CMS | 4,8 | 4,7 14,20]
Couplings:
L(fb~1) Exp. Ky Kw Kz Kg Kb Kt Kr KZ~ Kuy
300 | ATLAS | [8,13] | [6,8] | [7.8] | [8, 11] | N/a | [20, 22] | [13, 18] | [78, 79] | [21, 23]
CMS | 5,7 | [4,6] |[4,6] | 6,8 | [10.13] | 14, 15] | [6.8] | [4L, 41] | [23, 23]
3000 | ATLAS | [5,9] | [4,6] | [4,6] | [5,7] € N/a b [8, 10] (10, 15]) [29, 30] | [8, 11]
CMS | 2,5 |15 |24 | 3,5 | 157 | [7, 10] "p“js 10, 12] | [8, §]

Uncertainty on signal strength

e Ranges [x,y] are not directly comparable Overall reasonable agreement, but

e ATLAS * ATLAS does not include H = bb mode
¢ [no theory uncertainty, Scenario 1] * CMS outperforms ATLAS H = 1T mode
e CMS

_ _ * | arge differences in H = Zy mode due to photon id
® [Scenario 2, Scenario 1]

-> Clear potential for high precision by ATLAS&CMS in future LHC Runs up to >2020
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L_ H boson self-coupling

In order to determine the parameters of the SM completely, a
measurement of the Higgs self-coupling is essential
» Higgs potential and the EWSB mechanism

| l | : Q h
Event yields of various channels

O Very challenging due to low
il and contributions from

t. b

bbbb 33.4 34,000 irreducible backgrounds (ttH,
bbW*W~ 25.0 25,500 ZH, etc.)

bbrT 7 36 7,500 — a Ongc?i_ng _studies sugge_st some

WAW-W - 4.66 4,750 sc_ansm\{ltles to copstraln the
_ triple Higgs coupling

bbZZ 3.09 3,150 Q Also, several
ZZW* W~ 1.15 1,170 /7' phenomenological papers

bbyy 0.26 265 suggests the possibility

-> Very challenging - will require high luminosity for precision - HL-LHC
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CMS/

= CONCLUSIONS

Run-1 Results:

0 The significance of the H boson-like particle @ 125 GeV in the di-boson
channels combined is now well over 5 o

O Large progress has been made in the fermionic channels, with evidence at the
level of 3-4 o

0 0* case favored against all other tested hypothesis and couplings
measurements are consistent with SM expectation

Q Significant progress on ttH and H->Invisible

U searches for high mass and BSM H bosons started (> next talks)

- All Run-1 results compatible with SM expectation for H boson
- Measurements mostly limited by statistical uncertainties

Preparation for next LHC runs:

Large program for Higgs coupling measurements in Run Il (13-14 TeV)
to stay ahead of systematical uncertainties:

O Theoretical (scale, as, and PDF) uncertainties will become dominant
0 Experimental challenges due to large pileup and detector longevity effects

- Stay tuned for LHC restart in 2015 !
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