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Machine and detector
perfomance
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- ATLAS
— Preliminary 2012,\s =8 TeV

- . LHC Delivered Delivered: 22.8 fb™'
r Recorded: 21.3 b

— [ ]ATLAS Recorded Physics: 20.3 1"
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The results presented here are obtained
from LHC Run-1 pp collision data
recorded by ATLAS and CMS:

2011 @7 TeV
2012 @8 TeV
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2011,\s =7 TeV

Delivered: 5.46 fb
Recorded: 5.08 fb™"
Physics: 4.57 fb”'
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LHC has been extremely successful: .
>28 fb! delivered to both experiments ¥ pF 3 oct yet pef 3 oct

CMS Average Pileup, pp, 2012, J;:h Aah'l?e*\'; Ve
The price for high luminosity is the T s ia
large number of collisions per proton
bunch crossing: <u>=21, umax~40

(2012)

High data taking efficiency in both
experiments: 91-93%

Recorded Luminosity (pb'/0.04)
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Observation of the
H->di-boson decays

CMS, H>ZZ->4l ATLAS, H>vyy CMS, HOWW
6.80 @ my~125.6 GeV 7.40 @ my~126.5 GeV 430 @ my~125.6 GeV

arXiv:1312.5353 arXiv:1307.1427 arXiv:1312.1129
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« The Higgs was discovered through its decays to di-bosons
* Now moving from discovery mode to precision measurements: mass, width, spin,..
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First direct evidence of Higgs
coupling to fermions: H>7tt

Challenging analysis:
* huge background mainly from Z->tt
* must achieve a good mass resolution despite the escaping neutrinos
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ATLAS: 4.10 @ my~125.5 GeV (3.2) CMS: 3.20 @ my~125 GeV (3.7)
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Higgs decay measurements

sys inc.
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ATLAS Prelim. |~ Total uncertainty Ys=7TeV,L<51fb" ys=8TeV,L<19.7 fb"

CMS Preliminary
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H — tt (8 TeV data only) 55 :
W= 1.4 §§ : H—-> WW arXiv:1312.1129
04 |01 p.(mH=125.6 GeV)=0.72+£0.19
Combined oo : ' i
H—bb, Tt = 1060555 : . |
-0.32 |-0.04 i H - ZZ arX|V1312.5353
Combined +§§ : u(mH=125.6 GeV)=0.93+£0.27 :
_ +0.18 |-0.11 : U U RS S
W= 1'30-0.17 ‘500 i | i 0 . 1 1.5 2

5=7Tev fLat=a648n" “0.5 O S5 1 15 2 Best fit O'/O'SM
\s=8TeV fLdt=203 fb" Signal strength (u)

CMS H->fermions combination:
t il ATL.AS H->fermions combination: « 3.80 evidence (exp. 4.4)

* 3.70 evidence Nature: 10.1038/nphys3005
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Outline

» Higgs properties: mass, width, spin
» Test of the Higgs couplings

* Search for beyond the standard model physics in the
Higgs sector
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Properties of the new
boson

Mass, width, spin




New ATLAS mass
measurement

Performed on 2011 (7TeV) and 2012 (8 TeV) data using H>ZZ—>4u,2e2u, 4e and H->vyy.
New calibration of muon and e/y momentum and resolution.

H->vy 125.9810.4210.28 GeV previous result:
mH: 125'510'24-05-06 GCV
combined 125.36+0.3710.18 GeV

« Systematic uncertainty reduced by a factor 3! " ATLAS preiimina',y — Combined yy+4!

« Increased statistical uncertainty mainly dueto ~  6f {221 =208t —H-w

— H—=ZZ"— 4] .
the reduced observed event yield in H>yy - o without systematics
 Shift of central value in H>yy: -0.8 GeV - Lo\ ’ ; .

(—0.4910.35 GeV expected from new calibration)

Mass difference between the two channels:
Amy=1.471£0.67+0.28 GeV

compatibility at the 2.00 level

(compared to 2.40 previously)

arXiv:1406.3827 my, [GeV]
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CMS mass measurement

CMS Preliminary {s=7TeV,L<5.11b" Vs=8TeV,L=19.6fb"
i H

‘H— vy + H—>ZZ |~ Combined
E hy, (GgH.ttH), —Hew

n (VBFVH)

—
o

Consistent measurements across H—>41 channels

H->4e 126.2+15 . GeV
H->2e2u 126. 309, . GeV

Combined 125.610.4+0.2 GeV
arXiv:1312.5353

—H->2z
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and with H->yy (HIG-13-001):
my=125.410.5£0.6 GeV
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TT T T T T[T T AT T T T T[T T T T[T T T T[T T T T T TIFTT

CMS H->41+H->yy combined result: [QzilEgEv
my=125.7£0.3+0.3 GeV

L ]
124 126 128 130 132 Note: my from H>4l was 125.8+0.5+0.2 at the time of the
my, (GeV) combination.
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Constraints on the Higgs
width

The Higgs width predicted by =

T 5
- ATLAS Simulation ] ? Oycp = 1.2 GeV

the Standard Model is ~4 MeV. 1o ¢ Preliminary ] S s R =17 Gev

CMS Simulation Vs =8TeV

E e m,=125GeV . [ my=126GeV

Beyond SM contributions may - — Gaussianfi E a
increase it significantly. C o7zt E :
F Vs=8TeV ] [
- mS = 124(.351 +0.02 GeV ] | — Parametric Model |
F =218 +0.02 GeV E L

F Fraction outsidet 26: 19%

[ ‘# Simulation
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However, the direct determination is limited by the
much larger detector resolution: 1-2 GeV

Limits at 95%CL:

CMS H>4l: I'; < 3.4 GeV arXiv:1312.5353
CMS H%YY FH <6.9 GeV HIG-13-016
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ATEAS H241N 8 =216 G eV JE ati ki)
ATLAS H>vyy: T'y <4.4 GeV
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CMS limits from off-shell
H-> 77 analysis

Measurements of the on-shell and off-shell cross-sections give a direct contraint on the Higgs
width:

2 2 @2 o2
on-shell 8ggH8HZZ goffshell eeH8HZZ
T —H— YRV E

88 (21112)2

(0 ~
gg—H—=ZZ muly

assuming the couplings remain unchanged.

19.7fb" (8 TeV) + 5.1 fb™' (7 TeV)

CMS measured the off-peak cross sections in

4] observed

« H->4l, m,;>220 GeV: 11 events observed o ogece
* H->212v: m>180 GeV: 91 events [ 202+, ObServEd

202v + 4l expected

o = [Vpeat i 5 mid] — [praceepe] B
On-peak cross section measured in the
H->41 channel only (105.6<m,<140.6GeV)
channel Observed limit @95% CL (expected)
H->41 33 MeV (42 MeV)
H->212v 33 MeV (44 MeV) """7"7"72‘0‘ B TR =

combined 22 MeV (33 MeV) arXiv::1405.3455




Spin and CP Analysis

CMS H—>ZZ->41 analys1s arXiv:1312.5353 ATLAS arXiv-1307.1432

o
H— yy ata

an pseudo-scalar KK graviton SIETUARTET 6L, expected

H—Zzz* -4l ingJP=0*
assumingJ™ =0
BSM scalar 2+m any KK gravlton Vs=7TeV [Ldt=4.6fo" B:1o 9
Vs=8TeV fLdt=207 b -
qq>X KK graviton H — WW* — evpv/uvey
Vs=8TeV [Ldt=20.7 fb"

exotic vector 2%

exotic vector A gg>X KK G (bulk)

exotic pseudo-vector 2% gg>X BSM tensor

exotic pseudo-vector 2 gg>X BSM tensor

CMS fs=7TeV,L=5.11f"%Vs=8TeV,L=19.7 fi'
-8 CMS data - - - Median expected : : : : : : :

r Mo 1o WS+ 10 JP=0+ hypOthCSlS
[Ho'«20 WS :20
T strongly favoured

2In(L, /£y)

ATLAS: 0, 17, 1-, 2* excluded >97.8% CL
CMS: 0, spin 1 excluded at 99.9%, spin 2 >95%
r.t+ r.r LALLM CMS: CP-odd fraction to ZZ amplitude:

any any qg—X any qg—X any gg—X qg—X any gg—X gg—X gg—X
f .=0.00%0-17
a3 : -0.00
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Probing the Higgs
couplings




Higgs couplings

q

uplings:

q ]

Vector Boson Fusion

g
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t (ob) fusion [N

Discovery of the Higgs: indirect proof of gluon-gluon fusion production mode
Observation of the decays to WW and ZZ

Observation of the decay to yy: check SM prediction for W and t loop contributions
Evidence for the decay to fermions

Evidence for vector boson fusion production mode

No evidence yet for ttH production mode
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Search for deviations from the
SM prediction of couplings

« Are the measurements in agreement with the predicted couplings of Higgs to SM particles?
* Measure (o . BR)(ii=>H—>ff) and test deviations on o, ['yand I'y:
(0-BR) (ii — H — ff) = G”F il
H
« Assumption: one single, narrow, CP-even scalar resonance near 125 GeV, with the same
coupling structure as for the SM Higgs
* Parametrise possible deviations with individual coupling scale factors x;:

K .
For example: (0-BR) (gg > H —yy) = osm(gg — H) - BRsu(H = 1y) - =
K

where K, and K, are effective scale factors:
~ 159 -1y — 0.66 - kwi + 0.07 - 7
~ 106 k7 —0.07 - xp +0.01 - i

o I > interference term allows to test the sign of k;
* Similarly:
Kpp ~ 0.74-% +0.26 -1

~ 0.57-% +0.22 15, +0.09- & +0.06 - k2 +0.03 - k5 +0.03 -




Vector vs fermion couplings

Assumptions:

 one scale factor for fermions: Ky = K, = K= K,

* one scale factor for vector bosons: Ky = Ky =K,
* no new particles in loops or in decays (I'y=I'z*™) 5

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII_
ATLAS Preliminary ‘ H:R%)*ﬂ_)h,h, =

Vs=7TeV [Ldt = 4.6-4.8 fb”!
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relative sign <0 disfavored at ~2c level
Ky: [1.07,1.23]; xz: [0.84,1.16] @ 68% CL Ky : [0.74,1.06]; x¢: [0.61,1.33] @ 68% CL

23/o6/i4 Lydia Roos (LPNHE - Panie) THEP, Russia




Summary of coupling scale
factor measurements

ATLAS Preliminary Total uncertainty f5=7TeV,L=61f" Vs=8TeV,L=19.6 "
my = 125.5 GeV + 1o * 20 CMS Preliminary " 68% CL
:;/I:I:Ié;:,,,x; / == 05% CL

_ +0.08 : :
KV—1.15_0_08 e

. +0.17 : :
Kg=0.99 ' 1c

Model: A, Ky

Pgy=10% +0.14 :
hey=0-860, 15

Model: 7‘wz' ;"FZ’ Kz

Py, =19% +0.14 :
Ayz=0.94 > e

Model: Ay, Ay, Koy

pSM=2O% )\due :
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Model: A, A, K,
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Pg\=9%

G00-€1-DIH

4 ~gt0.15 : : /
Kg—1.08_0_13““~““~“l‘ “‘10

20|

40.15 : :
KY—1.19_0_12HH~HHHH g

()}
S
<
X
S
QN
o
Z
@)
0
wn
<
-
<

Model:xg,x,, B, |

—18% g ) < i 2¢ BR .
Pau S/BRi_‘u'=-O.16jg:§§ : %Régr/?éﬂ 10| BSMﬁ [ R N NN N ST R N RN r|)s’\|/I L1
-2 0 1 2 0 0.5 1 1.5 2 2.5

Vs =7TeV [Ldt = 4.6-4.8 fb” Parameter value

Vs =8TeV fLdt=20.31b" parameter Value

Couplings measured within benchmark models defined by the LHC WG
No significant deviation from the Standard Model is observed
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Beyond the Standard
Model Searches




Higgs portal to Dark Matter

New particles coupling very weakly to SM particles except Higgs - dark matter (e.g. WIMPs).
* Indirect search: contribution from new particles in loops can modify effective couplings to

gluons (), photons (k,), with or without altering I'y; (branching ratio to « invisible » BR;= or #0).
« Direct search for H>invisible (E{™ss):

* 1in ZH production, with Z->1*1- or bb
* 1in vector boson fusion (two forward/
backward jets with large rapidity gap)

q

No signal is observed. No deviation from
SM for the effective couplings:

ZH 0.75 (0.62) 0.81 (0.83)
ATLAS:
Ky = L0801, ke, = 119*055, , (BR=0) [kl 0.65 (0.49)
K, = 1.007023 ook, = 1.17+016 ) . (BR#0) [WASERY:ig 0.58 (0.44)

CMS: indirect 0.41 (0.55) 0.52
K, in [0.59,1.30] -« in [0.63,1.05] , (BR;=0) [WshiCuggtililiLu; 0.37 (0.39)

ATLAS-CONF-2014-009, 010, arXiv:1402.3244, HIG-13-005, arXiv:1404.1344
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Limits on DM-neucleon
scattering cross sections

Comparison with direct WIMP detection experiments: interpretation of the results in terms of
WIMP-nucleon scattering via Higgs exchange. Assume BR;=BR(H>y), m,<my/2.

ATLAS Preliminary

-1
= T T T T T L
107 Combination of VBF and !
102 ZH, H — invisible
o Vs=8.0TeV, L= 18.9-19.7 o' (VBF+ZH)
107 & Vs=7.0TeV, L=4.9 fo" (ZH) B(H inv) <0.51 @ 80% CL
1 0-4 Z my, = 125 GeV

10°°
10° g~
107

108

1 0—9 ~ [ CRESST 1o
- [ CRESST 26
R —— - XENON100(2012)
10 10 il XENON10(2011)
- =" [ DAMA/LIBRA
1 0—11 - - I CoGeNT(2013)/90%CL
[ CoGeNT(2013)/99%CL
42 F [ CDMS(2013)/95%CL
10 2273 COUPP(2012)
—— - LUX(90%CL)

10-13 L L Lo
102 10°
DM Mass M, [GeV]

i
(s=7TeV, [Ldt=4.6-4.8 fb™!
\s=8TeV, [Ldt=20.3 fb!
h—yy, h—ZZ*—4l, h>WW*—lvlv,
h—tr, h—>bb, Zh—I+ET"*
1 DAMA/LIBRA (99.7% CL)  ATLAS (95% CL) in
[ CRESST (95% CL) Higgs portal model:
[ CDMS (95% CL) @5 Scalar WIMP
I CoGeNT (90% CL) 4 Majorana WIMP
—— XENON?10 (90% CL) @¥22 Vector WIMP
—— XENON100 (90% CL)

LUX (95% CL)
IIIIIIII 1 IIIIIIII 1 Illlllﬂ

10

A I e B

i |
DM-nucleon cross section Gf-/v [pb]

Very stringent limits from both ATLAS and CMS up to m, <my/2
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Search for di-Higgs production
1in yybb final state

SM di-Higgs production as a probe of Higgs self-coupling
Higgs self-coupling: 4,,,,

g 2000000

g 200000:

Too rare to be observed with Run-1 data (SM prediction ~10 fb) but can be enhanced in some
BSM models:

* Resonant production:
« 2HDM H-hh (up to ~pb)
*  Warped Extra Dimensions: radion (spin-0), KK graviton (spin-2) decays
* Non-resonant production: direct ttHH vertex in composite models, light colored scalars

Very recent results in the final state from both ATLAS (arXiv:1406.5053) and CMS (HIG-13-032).

S N

very good mass resolution large branching fraction
to reject background




Search for di-Higgs production
n yybb final state

I CMS Preliminary L=19.7 fb’ Vs =8 TeV
[ ATLAS Preliminary  Signal Region C WED: kI = 35, k/Mpl = 0.1, elementary top, no r/H mixing
" fiat=201b", Vs =8 Tev 4 S_?t‘ad Siomal + B — radion (A =3 TeV) ---e--- Observed 95% upper limit
ved signal+ BRas — radion (Ap =1 TeV) Expected 95% upper limit
Single Higgs Boson + Bkd .
-- RS1 KK-graviton [ Expected limit = 16
== Bulk KK-graviton Expected limit + 2 o

Events / 2.5 GeV
o(pp = X) x BR(X — HH — yybb) (fb)

Continuum Background

I

0

80
60
40
20

0

< 2 Tag Control Region

Events /2.5 GeV

110 120 130 140 150 160 i 300 400 500 600 700 800 900 1000 1100
m,, [GeV]

m, (GeV
resonance search (260<my <500 GeV): resonance search (2@0(<nix<1 100 GeV):
» signal model: spin-0 * analyis benchmark model: spin-0 (radion)
* counting experiment: measure bkg € in side-bands * intermediate mass (my=>400 GeV): fit m,.;;, with
* max deviation from bkg 2.10 =»oxBr(HH)<0.3-3.5pb m,,=125 GeV
non-resonance search * low mass (my<400 GeV): fit m,,
» fit m, in signal (>2 b-jets) and bkg (<2 b-jets) regions ~ Observed (expected) exclusion for radion:

¢ Ny =1.5; Ny, =5 (2.40) D0<2.2pb @ 95% CL  M,<0.97 (0.88) TeV @ 95% CL (Ag=1 TeV)




Search for scalar diphoton
resonances

New ATLAS search for extra 110<my<600 GeV 65<my<110 GeV
Higgs-like state X in an T T T T T

ATLAS Preliminary 2000
extended mass range:
65<my <600 GeV

ATLAS Preliminary
Vs=8TeV[Ldt=2031fb"

£ UU category

F —e— Data
Continuum+DY fit
Continuum component of the fit

1600
1400
1200F 4 yata

1000F — Continuum+H fit (m, = 125 GeV)

800~ - Continuum part of the fit
_ ! o ,
s =8TeV 115 120 125 130

f Ldt=203f"

dN/dm,, [GeV
Events / 2 GeV

okl Ul
@

Possible signal in 2HDM (H
or A), also additional Higgs
singlet models.

CU category
—e— Data
Continuum+DY fit
---------- Continuum component of the fit

t
i
—— data
—— Continuum-+H fit (mX =125 GeV)
, =250 GeV)
, =500 GeV)
L AT IR I B P S Y
200 300 400 500 600 700
m,, [GeV] g CC catego
ATLAS-CONF-2014-031 - =
T T T T T T T La— L— T T T La— T Continuum+DY fit
Continuum component of the fit

80 90 100 110 120
m,, [GeV]

—— Continuum+H fit (m
" E— Continuum-+H fit (

o
ot

—
ATLAS Preliminary

1111

: — Observed

E - - - Expected

d (R
=20

No significant excess

2]
o

Limits on fiducial cross-section
1+ EpLE[?>22 GeV (low mass)
Vs =8 TeV [Ldt=203fo" * Ep02/m, >0.4(0,3) (high mass)
S o o Inl<2.37

200 300 isolation<12 GeV in AR<0.4

95% CL limit on o, - BR [fb]

IIIIIIII| IIIIII|T| T




Summary

 ATLAS and CMS have established the existence of a Higgs boson.
Clear observation of Higgs decays to di-bosons. Evidence for

H—>fermions at the 3.7-3.80 level.

ATLAS: my=125.36£0.37£0.18 GeV CMS (off-shell analysis): I'y < 22 MeV
CMS :my=125.7 £0.3 £0.3 GeV
S . JEP=0** hypothesis strongly favoured

Coupling analysis: no significant deviation from SM is observed.

Many searches for deviation from SM or for extra states in the Higgs
sector. Only a few analyses shown here. No evidence for BSM physics
yet.
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Production cross sections and
decay rates

decay rates

—

' WW'
\s=14 TeV

LHC HIGGS XS WG 2010

LHC HIGGS XS WG 2011

—
Q

T T TTTTIT
[ IIIII|
Higgs BR + Total Uncert

|
| IIIlIIII

300 400 500 1000
M, [GeV]
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Spin and CP Analysis

« The SM Higgs boson is scalar and CP-even: JCP=0**

* Observation of the H->yy decay excludes spin-1 state through the Landau-Yang theorem:
Massive particle with spin J, mass M, momentum p decaying to 2y (helicities A, with | A=A, |<J):

| D>=p,JM, A, A>+(-1) | p,I,M, A, A,>. For J=1, A=A, so |D>=0

* Measure angular distributions to discriminate between different spin and CP hypotheses
and check the compatibility with SM expectation.

H>ZZ>4l Heezm

%sme yv ‘
z (CS) 9 3 woe Mol

H (I)l \Y S'on
p A b SQXOXI'L

: \h

V p®
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New ATLAS mass
measurement

Performed on 2011 (7TeV) and 2012 (8 TeV) data using H>ZZ->4u,2e2u, 4e and H>yy
(arXiv:1406.3827)

muon energy scale and resolution extracted from Z->uu (9M) and J/y—=>uu (6M, new!)
with pr in ~6-100 GeV. Checked with Z (9M) J/ (17M) and Y (5M)

1.005
£ 1.004
1.003
1.002
1.001
1
0.999
0.998
0.997
0.996

1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 0.995

LI L B L
ATLAS Prel|m|nary e Z
1 Data 2012, Vs=8 TeV oY — Hp

CB muons oy Jy >

TLAS Prellmlnary o Z 5uu
CB muons |T||<2 5 oY > uu
A

.I-|-h+|-|+IIII|IIII|IIII|IIII_

ata 2012, Vs=8 TeV
20.4 o™

i
|

J

—_
o
A
©
\Y
"~
05
N
=

m of the leading muon

e systematic uncertainties vary from 0.04% @ n~0to 0.2% @ |n|>2.0
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New ATLAS mass
measurement: /vy calibration

» Calibrate EM cluster energy on MC

* FElectron energy scale dertved from data/MC
comparison of 7M Z->ee events.

* Check energy scales on J/{y—2>ee and Z-2>1ly

* Improved performance thanks to:
* new MVA-based calibration
— 10% improvement on o(my.,,)
* better material description
* better simulation
* larger Z->ee sample

0.02

Entries / 500 MeV

Ratio to MC

o .

(=]
©

ATLAS Preliminary

—$— Calibrated data
MC, uncorrected
— MC

|IIII|II|I|IIII|IIII|IIII|IIII|IIII|IIII|IIIIﬁ

. Vs=8TeV, JLdt =203 fby

I|IIII|II|I|IIII|IIII|IIII|IIII|IIII|IIIITIIII

|

o IIIIII:IlIIII T

R R R
0.015 Electrons, 0.60<i<1.37 Wy~ e'e Converted photons

Z —e'e

0.01

Calibration uncenaintyé

—4— Data
Calibration uncertainty

——

0.005

0

'
8 ||||||||"||+
o

Unconverted photons

—4— Data

Calibration uncertainty

Z-2>1ly

_+_

L

i

0

-0.005
-0.01

o bbb b

ATLAS Preliminary -0.015

ATLAS Preliminary
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S
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New ATLAS mass
measurement

Unconverted Converted

H 9 Central Rest Trans. Central Rest Trans.
Class YY low ppp~ highpyy  low pny high pp low pnn = highpn  low pry  high pn

Z— e" e calibration 0.02 0.03 0.04 0.04 0.02 0.02 0.05 0.05 0.11
LAr cell non-linearity 0.12 0.19 0.09 0.16 0.09 0.19 0.06 0.14 029
Layer calibration 0.13 0.16 0.11 0.13 0.07 0.10 0.05 0.07 0.07
ID material 0.06 0.06 0.08 0.08 0.05 0.05 0.06 0.06 0.06
Other material 0.07 0.08 0.14 0.15 0.04 0.04 0.07 0.08 020
Conversion reconstruction 0.02 0.02 0.03 0.03 0.03 0.02 0.05 0.04 0.06
Lateral shower shape 0.04 0.04 0.07 0.07 . 0.09 0.09 0.18 0.19 0.16
Background modeling 0.10 0.06 0.05 0.11 0.13 0.06 0.14 0.18 020 AR RN RN
Vertex measurement . —4e
Total 0.23 0.28 0.24 0.30 . 0.21 0.25 0.27 0.33 047 —4p
— 2021

IIIIIIIIIIIIIIIIIIIIIIII ||||I|||||||||I||||I|||| 12__E=7T6V:JLdt=4_5ﬂ)_1 _2“26
Y1 fLat=ast 5=7Tev ’ — Combined

uc fLdt=203 o' Vs=8 TeV  —— 10

Vs=8TeV: J.Ldt =203fb" Dashed without systematics

CcC

Illlllllllllll

|

Ney<10

10=N,, <18

Ney= 18

BB

]

Illlltllllll

BE

EE N 4]
e T B B e S e 27 s

A, [GeV] m,, [GeV]
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New ATLAS mass
measurement

Table 4: Principal systematic uncertainties on the combined mass. Each uncertainty is determined from the change in the 68% CL range for my
when the corresponding nuisance parameter is removed (fixed to its best fit value), and is calculated by subtracting this reduced uncertainty from
the original uncertainty in quadrature.

25/06/14

Systematic

Uncertainty on my [MeV|]

LAr syst on material before presampler (barrel)
LAr syst on material after presampler (barrel)
LAr cell non-linearity (layer 2)

LAr cell non-linearity (layer 1)

LAr layer calibration (barrel)

Lateral shower shape (conv)

Lateral shower shape (unconv)

Presampler energy scale (barrel)

ID material model (|| < 1.1)

H — vy background model (unconv rest low pry)
Z — ee calibration

Primary vertex effect on mass scale

Muon momentum scale

70
20
60
30
50
50
40
20
50
40
50
20
10

Remaining systematic uncertainties

70

Total
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New ATLAS mass
measurement

|IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII_I_
ATLAS Preliminar —— Combined yy+ZZ*
\@=7TerLdt=4.5fb‘ —E*yz .
Vs=8TeV Ldt=20.3 fo -

125.36 GeV)

X Best fit
—— 68% CL
95% CL

W

E
=
)

2
®)

n,=1.29+0.30

Uzz=1.66%04° 5

123 123.5 124 124.5 125 125.5 126 126.5 127 127.5
my, [GeV]
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Previous ATLAS mass
measurement

7
- ATLAS Preliminary —— Combined (stat+sys) 1 4
[ Vs=7TeV:|Ldt=4.6-48fb" Combined (stat only)

T Vs=8TeV:|Ldt=20.7 fb" — Hoyr
— —H-22"05 4 12

ATLAS Preliminary H—zz" - a4l

ls=7TeV: [Ldt=4.61b"
F 8 TeV: [Ldt=20.7 fb"

+0.2

‘\T\‘\\\—

— 4u m _1238+§§(stat)  (sys) GeV
(sys) GeV
(sys) GeV

(sys) GeV ,/'

— e My =126.27(stat) o3

— 2e2u i, =125.0 1 (stat) 5 05

+05

Jo || ‘ 111 ‘ 11|

— 2u2e M, =122.6%Y(stat) |

||||||||J||III||IIII|IIII

k|

L

|||||||||||||| |||| || ||||ll||||l -""
P2 122 123 124 125 126 127 128 129 IS . S S el S——

e [GeV] 122 123 124 125 126 127 128
m,, [GeV]

H->vy 126.8£0.2+0.7 GeV w,=1 577033 ) ¢
H%4l 124.3+06_05+05_03 GGV MZZ: 1 .66+O 9
combined 125.5£0.2%05 , . GeV
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Probing the Higgs
modes

ATLAS Preliminary

Vs=7TeV [Ldt=4.6-4.81fb"
Vs=8TeV [Ldt=20.3b"

—_
o

PR
S

+ Standard Model
X Best fit
— 68% CL

vY,ZZ* WW* Tt
[e0)

VBF+VH

_H—>YY
—H-ZZ" >4
— H—= WW* = v

»

gt

VBF+VH4
= quark-
initiated 2
modes

m, = 125.5 GeV

-2 -1 0 1 2 3 4 5 6
vY,ZZ* WW* tt

ggF+ttH=gluon-initiated modes =2 M ...

-2

Hadronic tt
4]
3l

Production via Vector Boson Fusion:

* Wypp/ Wggppr=1.470- g 4(stat) ™04 o 5(syst)
4.10 evidence

ATLAS-CONF-2014-009

Same-Sign 21

Combination
[ )

40 8 6
HIG-13-015/19/20

production

Probe ttH production by exploring all
accessible H decay modes

Combined result:
p=14T

~5 x more ttH events at run-2
for the same lumi (according to SM)

Vs=7TeV,L=5.0fb";{s=8TeV, L=19.5fb"

—{l—

CMS Preliminary

+

R W—

——

vl b by by by by b by by by
-4 0 2 4 6 8 10

fit o/og)y at m, = 125.7 GeV

-2
Best

HIG-12-25
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Production rates

CMS Preliminary {s=7TeV,L<51fb" Vs=8TeV,L<19.6fb"
A N e
H—- WW
H—Z7
H— bb

H—-yy

+ StandardModel ;"™ ATLAS Preliminary

x Best fit H . B
— 68% CL ; Vs=7TeV ILdt =46-481fb

--- 95% CL : N Vs=8TeV ILdt =20.3fb"

—H-= vy
—H-=ZZ" - 4
—H-—> WW* = Miv

T
~ \ p —H-= 1
1

—IllIllIllIIllIIllllIIllI

my, = 125.5 GeV

v b b bvvv b bvvv o b v by g Iy

2 - 0 1 2 3 4 5 6
YY.ZZ WW* 1T
l'l'ggF+tlH
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Production rates

CMS Vs=7TeV,L=51fb";Vs=8TeV,L=19.7 fb CMS 4917 (7 TeV) + 19.4 b (8 TeV)

T

H— WW (all channels)
4+ Observed
—— 68% CL Observed
95% CL Observed
A __Exp. for SMH
—— 68% CL Expected
95% CL Expected.

s c.L.
[ Jos%c.L.

® best fit

‘]“l‘ 1T I T 1T

+ sm

‘I“‘I“‘I“l\“l‘

I ‘f F I — I 11 "I 1 I ) S | I ) |

IIIIIIIIIIII

-1-050 05 1 15 2 25 3 35 0.5 1 1.5 2 25
lJJVBF,VH

uggH, ttH
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Test of custodial symmetry

Couplings to W and Z are protected against large radiative corrections in the SM by SU(2)
custodial symmetry: Ay, = Ky /K7 ~1

Assumptions: 5.0 ms Preminary s =7 Tev.L =517 (s =8TeV. =196
* Kp= K, = K=K, - M Kz K — Observed

4.5
» total width 1s unchanged. 0 ----Exp. for SM H
B T I T T T T T T I T T T ' :

T | T T T | T T
= 10 ATLAS Preliminary Dophepkss] 35
- Vs= 7Tevﬂ_dt 4.6-4.8 b’
- (s=8TeV, [Ldt=20.3 "
| Combined H— yy,ZZ*WW*tr,bb ~ SMexpected o5

— Observed
3.0

G00-€1-DIH

2.0
1.5
1.0
0.5

] | I L1 ; { ) | ] |
0.0 0.5 1.5
I

()}
S
<
X
S
QN
o
Z
@)
0
wn
<
-
<

o
N

Wz

, =0.94+0.14 Myz: [0.62,1.19] @ 68% CL
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Two Higgs Doublet Models

2HDM: two Higgs doublets ¢,, ¢, with vaccum expectation values v?;+v2, = (246 GeV)?
-5 Higgs (3 neutral, 2 charged): h, H (CP-even, mixing angle o),

A (CP-even), H*

Coupling scale factors expresssed in terms of a and 3

(tanfp = v,/v,)

o 10T

C

Example from Type-II models in which down-type fermions <
couple to ¢, and up-type to ¢,. Assume h decay modes identical

to those of SM Higgs.

sin(f—a)
cos(a)/sin(p)
-sin(at)/cos(f)
-sin(at)/cos(f)

Use the measured production
and decay rates of the
observed Higgs to constrain
the parameters (type I-1V)

Data consistent with SM

0.
0.3}

2F

2HDM Type I ATLAS Preliminary

—— Obs. 95% CL Vs=7TeV: [Ldt=4.6-4.81b"
X Best fit /s =8 TeV: [Ldt=20.3 fb”

---- Exp.95% CL Combined h — yy,ZZ* WW*

— = SM h — tt,bb

prTRTY
AN “‘
4 ““
3_
2

|
N

A\ AT
N Fis

“\\Q\‘I‘ )

8
n‘\‘h‘k\‘}‘m\ !.mi AT .-5\“.

0.1+
-1-0.8-0.60.4-02 0 0.20.40.60.8 1
cos(p-o)

Similar analyses on composite Higgs, additional electroweak singlet, Higgs portal to dark matter,...
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Direct search: H>hh, A—>Zh

Final states from hh decays Search Channels h decays populate
WW*WWw*
WWHrr Three or four leptons (upto one 74), OSSF pair off-Z
TTTT or no OSSF pair in bins of E** and b-tag
WW*ZZ*
ZZ*TT
ZZ*bb
IYWW*
vy Z Z* 2photons (M., within higgs bin)
NYTT + 1 or more leptons(upto 2 73,),in bins of EJts

h & 7 boson decays Search Channels h & Z boson decays populate
Z(— U)WW*
Z(— )22
Z(—l)rr 1 on-shell Z(— ee, pu)+ 1 or more lepton(up to 1 7,) in bins of E** & b-tag
qqZ(— ) z*
vwZ(— ) Z*
vyl 2 photons(M.,, within higgs bin)+1 or more leptons (up to 2 73,) , in bins of E7"***
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LHC Runs & Current Schedule

Exploit full physics potential @ LHC
is the top priority (CERN Council 2013)

< < < Run-4
) SX )
Run-1 v Run-2 i Run-3 i HL-LHC
@9— 7/8TeV S 13/14TeV ‘8'3 14TeV < 14TeV t”d\
o v % ©
7x103em2s! ¥ 1034cm2s! ~2x10%cm-2s! S ~5x103%4cm2s-!
~30fb1 ~100fb"! ~300fb-! ~3000fb"

= LHC will run for about 20 years!

LSI: Long Shutdown 1 ongoing for increasing Vs up to 14TeV

LS2: LHC injector upgrades; phase-1 detector upgrade

LS3: Major intervention on more than 1.2km for HL-LHC (High Luminosity LHC);
phase-2 detector upgrade

FCPPL, April 8-10, 2014, Clermont-Ferrand Zhiging Zhang (LAL, Orsay) 3/40




e Og/jo-lflgﬁ Luminosity LHC (HL Lﬂ-[C)

1Cc0 )
¢ ECFA HL-LHC with L=300 fb"! (3 ab™!) physics study. S0 e
& Higgs mass precision AMy ~100 (50) MeV. R —
‘¢ Access to top-Yukawa coupling via ttH, and rare decay H—up. ¢ - /7
& Coupling precision of 10 to 5% reachable (even few% in Ky/kz). i / ,
& Detector performances (trigger, lepton-id, fake, t/b-id) are crucial.* |
@ Theory uncertainty dominates - challenge for theorists! o ;:;:;_—_—..-.—,f,:':::'. ---- .
ATLAS-PHYS-PUB-2013-007 — CMSNOTE-13-002 ‘% o el
ATLAS Simulation - e , M, (GeV)
(5 = 14 TeV: [Ldt=300 b ; [Ldt=3000 fo” Figgs booon coupogs 1 s B 4wt s
jLaqoo fo” extrapolated from 7+8 TeV X ' 0(14TCV)/0(8TCV)
m ] o ——— L =2300fb" Y [Lgg=H | 2.6 (Mx=M)
K2 [ qq—qqH | 2.6 (probes high Mx)
N o qg—VH | 2.1 (Mx=Mv+M)
5 = gg—ttH | 4.7 (phase space+Mx)
0.00 0.08 0.110 0.115
expected uncertainty
CMS Projection
Expelded uncertainties on - I.,v.-.r. e e -n-le..mw
Higgs bosoen couplings 1 3000m"at w54 TaV Scenasc 2 .
e L Scenario 1 .
w——— L=3ab current systematic uncert.
"""""""""""""" sl RN Scenario 2
X3 p—t
' ' S S theory uncert. v 1/2
0 02 04 06 08 ) ” other systematics “ 1/4L
AT Ty) Ak Jxy) I
DTy Kx/Ky 000 005 010 05 21

expected uncertainty




Future of Higgs coupling
measurements at LHC

Expected deviations

Snowmass, Higgs, 1310.8361

Model Ky Kb Ky

Singlet Mixing ~ 6% ~ 6% ~ 6%

2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—3-9% ~-9%
Top Partner ~ —2% ~ —2% ~ +1%

) JHXX 1TeV

——— <5 x| ——
grs-{hkix A

up to 20% on HHH

25/06/14

LHC HIGGS XS WG 2014

M, = 125 GeV
MSTW2008

1 1 I
30 40 50 60 7080 107
\s [TeV]

First evidence for Higgs self-coupling
at HL-LHC?
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Mass, width and couplings at
future colliders

Snowmass, Higgs, 1310.8361

LHC
14,000
300/expt

14,000

HIL-LHC  ILC500
250/500  350/1400/3000
3000/expt  250+500  500+15004-2000

CLIC TLEP (4 IPs)
240/350

10,000+-2600

8.3%
2.0%
0.39%
0.49%
1.9%
0.93%

2.5%

2-5%
3-5%
2-5%
2-4%
2-5%
4-7%
7—10%

5—T%
6 — 8%
4—-6%
4—-6%
6 — 8%
10 — 13%
14 - 15%

Kqg = Ky
Ku = Kt

1.45%
0.79%
0.10%
0.05%
0.51%
0.39%
0.69%

~/5.5/<5.5%
3.6/0.79/0.56%
1.5/0.15/0.11%
0.49/0.33/0.24%
3.5/1.4/<1.3%
1.7/0.32/0.19%

3.1/1.0/0.7%

Facility LHC HL-LHC ILC500
Vs (GeV) 14,000 14,000  250/500

[ cdt (1) 300 3000 2504500

CLIC TLEP (4 IP)
350/1400/3000 240/350

5004150042000 10,000+2600

my (MeV) 100 50 32

Ty - - 5.0%

33 7
8.4% 1.0%
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