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Crulus ating:

" O qius
prRétalis

M 2l % b

f‘ A ] 10 ”
,uL\.!s mhthas ol Rev e

Why m;=126 GeV ?
25 /9/2013 Madrid Chiara Mariotti, INFN Torino



The SM: a long journey

* 54 Yang & Mills

* 61 Glashow

* 64 Borut, Englert, Higgs et al

* 67-68 Weinberg and Salam

* 70 ‘t Hooft

« 73 Gargamelle : discovery of the week neutral current
* 83: W and Z discovery

* 89-2000 LEP: the triumph of the SM

* 05: top quark discovery

« 2012: discovery of a Higgs like boson
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CMS Integrated Luminosity, pp, 2012, .= = 8 TeV

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC

CMS Preliminary

o [ LHC Delivered: 23.30 0y !

CMS Recorded: 21.79 1 '
CMS Validated: 19.62 & '

N
>
K

A\ o
WA et o we

Date (UTC)

Chiara Mariotti

v

Y

vef.

20

15

{110



[pb]

Gt ot

Production Cross Section,

Precise SM measurements
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Good understanding of the detector + accurate theory predictions
—> Precise measurements of the SM processes over many orders of magmtude
- Good knowledge of the background to Higgs analyses
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The LHC Higgs Cross Section WG

102~

WG 2012

\s=8TeV ]

« Created at the end of 2009, the exact day
the LHC delivered the first pp interactions
has provided from “day 0” the
best theory predictions on XS, BR
and their uncertainties

o(pp — H+X) [pb]

- Experiments are coherently using the 507100 200 300 400 100C
coMMON INPUTS based on the e
interaction with the TH community. This F
facilitates the comparison and the
combination of the individual results

1 1 11
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Higgs BR + Total Uncert
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The channels at LHC

5 decay modes exploited

—
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LHC HIGGS XS WG 2011

Exp Sig oy/M

@125.7
e bb 2.20 10%
e TT 2.70 10%

Higgs BR + Total Uncert [%]
(@]

- WW 5.0 20%
o« 17 7.10 1-2%
IIAVAY 4.20  1-2%
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

M,,=125.9 GeV
o/ M=0.9%



Se————

=56 GeV

Signature: 2 energetic, isolated y, in

Hypothetical X — vy signal
on top of background

poor detector resolution

/

good detector resolution

pp — yy background

a narrow mass peak on top of a
steeply falling spectrum

Relevant aspects:

* Photon identification/ background rejection
* Di-photon mass spectrum

* Background estimation

* Primary vertex determination (pile-up!)

N
o

Events / (0.35 GeV/c®)
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Simulation
[ —— Parametric Model 0.72 <= BDT < 0.89|
G = 1.25 GeV/ic?
()
~1%
FWHM = 2.55 GeV/c?

CMS preliminary

—43— Simulation
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The mass distribution
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— Categorization by S/B, resolution and p; (ATLAS using cuts, CMS using a BDT)

ATLAS
e PR —
8 B ATLAS .
N s e  Data2011+2012 ]
; | SM Higgs boson m, =126.8 GeV (fit) _
T T gy veeeeee Bkg (4th order polynomial) 7]
9 s000f— —
>
w N H-yy N

4000/— —
~ \s=7TeV J-Ldt =481 _
2000 — =
n \s=8TeVJ‘Ldt=20.7fb1 .
o 500:— 5 5 t —:
S 400E 5
ks 300 E- =
£ 200E- .
i 100E- + + + + l ‘L ¢ =
| 0 1
‘3 -100% + ? + s 7 ¢
o 200 g
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High level analysis very, very similar between Atlas and CMS:
— Similar di-jet categories with O(70%) purity

Ch

— Mass fit with polynomial background chosen to minimize the bias on the signal



Compatibility with the
background only hypthesis
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ATLAS CMS
« Largest excess around 127 GeV 125 GeV
» Significance 7.40 (4.30 expected ) 3.20 (4.20 expected)
« Signal Strenght u = 1.57+0.24(stat) +0.22(syst) 0.78 £0.27 /8
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=22 ATLAS: Differential XS

= 2 TTT L LI 1T TTT TTT TTT LI LI TTT
SR RN R R RN RN RARE RRRE RRRR RARE
|y’Y”Y | 8 1.8 ATLAS Preliminary ~+4- data syst. unc. 3
Inclusive | cos 0* | 8 ] 6:— gg—H NLO+PS (Pownec+Pve) + XH ]
<& E [[]]] gg—=H NNLO+NNLL (HRes1.0) + XH ]
,Vjets ° 1'45_ -« XH = VBF + VH + {TH _
pjl 8;: 1'25_ H—yy, Vs =8TeV _E
T 1:_ _[Ldt=20.3 ol 7
2-jets Py 0.6 T T :
T ol 0.4R 3
A 0.25 | =
[L T ] S ISP (e e e S o i B =.—
H—»ry. GEBTQV % O T TT +| T I T I 1T I T 1T T TT TTT T TT T TT T 1T
Lat=203 ¢y S
- g
= e 2 E— T
% E R Y AN }\
U7J ......................... i ANSRRNNNNNNNNNNNNNRRRRRRRUNRRNRRNR N RRRREREN]
O 1 | | L1 1 | 11 1 | 11 1 I 11 1 | 11 1 | L1 1 | L1 | | L1 | I 111 ]
0 20 40 60 80 100 120 140 160 180 200
Particle level pT” [GeV]
5 12_ T L | T T T | T L T T T T | T T T T | T T T T | I_
Z - r ATLAS Preliminary ]
ig’ g 10 —+— data syst. unc. ]
& = L gg—H NLO+PS (PowHec+Pv8) + XH ]
=3 8 4 99—H+1i NLO+PS (MinLo HI+PY8) + XH =
E ==+ XH = VBF + VH + ttH E
. . . . B Hsry (= 8To -
* Bin events in variables of interest e ;
« Background estimations from the myy side-band fit in ‘F l E
each bin '
 Unfold the reconstructed distributions to truth .
distributions (= differential cross-sections) g
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The golden channel

ATLAS
@EXPERIMENT
http://atlas.ch ~ \ .
Run: 203602 YT
Event: 82614360

Date: 2012-05-18
Time: 20:28:11 CEST

wET N




H-> ZZ > 4l

CMS Simulation, {s = 8 TeV
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The final states considered are 4u, 4€, 2e2u d009- H-2Z" - 4y =
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m,=124.3 GeV (fit)
- [ Background Z, ZZ*
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100
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H—ZZ"—4l

Vs=7TeV [Ldt=461b"
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30

Events / 3 GeV

Significance 6.6 o (4.40 expected)

Vs=7TeV:L= 5.1fb"
Vs=8TeV:L=19.61b"

Significance 6.70 (7.10 expected)
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CMS
| Kinematic Discriminant

Matrix Element Likelihood Analysis:
uses kinematic inputs for
signal to background discrimination

{m11m21611621e*;®1®1}
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CMS
| Kinematic Discriminant

Matrix Element Likelihood Analysis:

uses kinematic inputs for
signal to background discrimination
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Results
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o/ogy @ 125.7 GeV = 0.92 + 0.28
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H > WW = lvlv

H > WW - Ivlv + 2 jets




H > WW-Ilvlv

*  Channel with very high sensitivity
« No mass reconstruction, signal
extraction from event counting

* C(Clean signature:

— 2isolated, high p; leptons with small
opening angle

— High ME,

— Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)

* Analysis optimized depending on the

Higgs mass hypothesis
- p, My, M, A¢ as discriminating
Vectors from the decay of w variables
a scalar and V-A structure — VBF selections for the 2-jets case
of W decay lead to small @ .
7

leptons opening angle

v
(especially true for on- G/,'
shell Ws)

- —r P
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H QWWQIVIV 0-jet_ee/ep/pp |

> T T T T T T
3 300' ATLAS Prellmlnary e e
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(pileup affect MET) 150/ £
«  Wi+jets (with one jet foo- E
faking a lepton): Clear soF E
lepton ID is important excess 50 300
. A my [GeV]
« Top (tt and single top): Y N
[ B ata — m,=125 GeV CMS Preliminary ]
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- - Wl Zy ww ’ .
muon) £ 200 W stat@sy odeten |
e \ ]
- WW: " ol E
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100 — i -
: & ]
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Q 2
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0 200 250 . -
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H -WW-—-2l2v: Results
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ATLAS: Broad excess consistent with 125 GeV
Significance: 3.8 0 (3.80 expected)
Fitted 0/0g = 0.99 + 0.30

95% C.L. Limit on ofoy,

30
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F CMS Preliminary Observed .
r \Ns=7TeV, L =4.9 fb™ s - - - Median Expected ]
L \s=8 TeV, L =19.5 fb~ g
| H—WwW-—212v 0/1-jet (0 Expectea 10 i
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CMS: Broad excess consistent with 125 GeV
Significance: 4.0 0 (5.1 0 expected)
Fitted 0/0gy; = 0.76 + 0.21




H=-> 1t

o
] Ivl (] ) <
v T
9

Boosted Gluon Fusion Process 9

Jet, E; =46 GeV

Jet, E. = 177 GeV q"

VBF Process

+x0
> TV ggF, VBF production: pp,ep,t,1,,eT,uT,

t P,vis = 70 GeV

Missing E; = 97 GeV
Visible Mass(tt) = 75 GeV
| Mass (jj ) = 580 GeV
 An(jj)=35

VH Process

jet categories: VH production: It 1,111, 13,,1173,
0-jet: used only to constrain the background
1-jet: low pT / high pT

2-jets (VBF).
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Events / 20 GeV
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H = 1t : Results

CMS Preliminary.
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VH - bb re§ults

Events after subtraction
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ok Ll ECus preiminary |
- ATLAS Preliminary  VH (bb) ] C PN 1.

—
e
N
TTTTT

Local p-value
3
T II!\

......

L vl vl

_37 Bo
10 3
, - Vs=7TeV,L=5.0fb"
107 3 10 E ls=8TeV,L=19.0fb"  _
£ —2011 Obs. —2011+2012 Obs. ] g VH(bb) + VBFH(bb) combined J
[ --2011 Exp. --2011+2012 Exp. ao ] i e o ]
'3;7777777777777777777777777777777777777777; '5r ==+ Expected from SM Higgs = '-'.’?
10 5—2012 Obs. \’s:7TeVJLdt=4.7fb’1 g 10 E - -+ Expected from SM Higgs (VH Only) E -
[--2012Exp. \s=8TeV [Ldt=203f" i ‘ ‘ ‘ ‘ 1
Al v b b b b bea g Lo oo |l 10-6 —— —— ——— — ———
10910 115 120 125 130 135 140 145 150 1o 1s 120 125 130 135
( m,, [GeV] 26 m, [GeV]



VH - bb results

ATLAS Prelim. |~ "gsta‘)) Total uncertainty
o(sys
m, = 125 GeV o(theo) ticonpu
VH(bb), 7 TeV P I SN :
_ +1.4 (=Y . o
____________________ h=2Tilon | o f o G
VH,Olepton 1=-2777lt18 | ——f—us ¢
VH, 1lepton L= -2.5*?3 16 | : ]__, 1 |
VH, 2 leptons 1 =0.6",7 |+3.1 1 — ,
= +0.5 : : : i :
VH(bb), 8 TeV_ 0.6°07 [£0-4 .
..................... H=Por]<0t | RO B A
VH,Olepton 1 =0.9""|+0.8 l S
VH, Tlepton  1=07""log | =
VH, 2leptons 1=-037|+12 | D
= +0.5 : N DR
Comb. VH(bD) 02 | R
_____________________ h T oel<0d | RIS ML
VH,Olepton  1=05"l+08 | s el
VH.Tlepon  1=01 ls08 | | -, e
VH, 2 leptons 1 = -0.41:2 +1.2 .__. :

Is=7TeV [Ldt= 4.7 b
Is =8 TeV |Ldt = 20.3 fb™

=

D0 24
Signal strength [u]

w=02+0.7-0.6

\s=7TeV,L=5.01b"

{s=8TeV,L=19.0fb"

Combined
u=100=+049

Z(vv)H(bb)
w=1.04x077

Z(IT")H(bb)
u=0.82=x097

W(lv)H(bb)
u=111+0.87

CMS Preliminary my =125 GeV

-2

0 > 4
Best fit o/oy,,
n=1.0+049 |

.

o~
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CMS Preliminary

ttH, H>bb,yy,tt

Ys=7TeV,L=50fb";ys=8TeV,L=19.5f" CMS preliminary bb, 1, vy

Combination —

Lepton + Jets |—

\s=7TeV,L=5.0fb";ys=8TeV,L=19.5fb"

= Expected + 10
------- Expected +2 ¢

— Observed

10— —— Observed

©

..... ttH(125) injected
—-- 888 Expected + 1o
" Expected+ 20

JI70 UL HIINL VI UIUSM

[ T 1

[ N N

I T

Y — B
7TeV LJ+DIL —
Dilepton |—
Tau —
PRI T N B R B PR TN T B M R A |
0 10 15 20 25 30 35 ?.1.1....
95% CL limit on o/ag,, atm,, = 125 GeV om0
CMS Preliminary (s=7TeV,L=5.0fb";(s=8TeV,L=19.5ft"
Combination |— —II—
Lepton + Jets |— ]
YY — ——
7TeV LJ+DIL ]
Dilepton — b ]
Tau — L]
PR [T S SN Y SN ST T AN SN SO SN TSN AT NN TR TT SR (ST S S N
6 -4 -2 0 2 4 6
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Best fit o/og,, at m,; = 125 GeV
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130

135 140
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Summary of the five main

channels
ATLAS CMS
Observed Expected Observed Expected
/77 6.6 4.4 6.7 7.1
VY 7-4 4.3 3.2 4.2
WW 3.8 3.8 4.0 5.1
TT 1.1 1.7 2.9 2.7
bb 1. 1.5 2.1 } 2.2

\

3.6 0 combined

-
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The Mass

ATLAS CMS

E T ATLAS Preliminary —— Combined (stat+sys) r 1OCMS Pfe“m'naw |s| 7 ITeIVILI<:51 fp Vs=8TeV.L<196M “
Y [ ys=7TeV:[Ldt=4.6-48f" === Combined (stat only) - i
B :S= 8TeV:}Ldt= 20.7 fb! — Hoyr f= ol FH— vy + H- ZZ Combined
61— — Ho2z2" S . — H-oyy |
- ' < —HoZZ -
B N 8 .
5 1 - -
N 7t E
et T S . S S s o}
] 5f £
3 - .
- 4t =
3t
: 2 .
S N N if ]
: L1 | Ll | L1l | I L I L _1 § I I | l [ 1 [ § I S T Y N | 1 1:
P 122 1238 124 125 126 127 128 129 0 124 126 128
M [GeV] my (GeV)
my = 125.5 £ 0.2610 + 0,66ysY GeV my, = 125.7 + 0.3612) + 0.36YsY GeV
=125.5 £ 0.6 GeV =125.7 = 0.4 GeV
Amy;=2.3+0.761@) £0.65ysV GeV ~2.50 =
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The mass

Collaboration channel mass (GeV)
ATLAS Yy 126.8 0.2 £ 0.7
CMS Yy 1254+ 0.5+ 0.6
ATLAS 44 124.3%0210-3
CMS 4¢ 125.8 4+ 0.5+ 0.2
ATLAS combination 125.5 + O.‘ng:g
CMS combination 125. 74+ 0.3 0.3
H >ZZ>41:

Very small systematics due the very good control of the leptons scale and resolution.
In CMS: Mass estimation with m,, KD and o(m,,).

H >vy:
Systematics on the extrapolation from the Z—->ee to H>vyy y
(0.25% from e to vy, 0.4% from Z to H) -
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H-> WW and H = Tt : Results

20
c

CMS Preliminary .
25 (S=7TeV, L=4.9fb" Mass: all Tt channels combined:

{s=8TeV, L=19.5fb" _ +9
en 0+1 jet mH =120 -~ (Stat+syst) GeV

CMS Preliminary, ys=7-8 TeV, L=24.3 fb™", H—1t

4.0 pr—r—r T T

—e— observed
—— H(125 GeV) expected

I 1o expected
+ 26 expected

A(-nL)

110 120 130 140 150 160I '170 180 190 200

m, (GeV)
ZASFTTTT T T T —125 EI
Y ATLAS Preliminary HoWW" ' Siviv 3 =
o)) g } - ~
5 4ot \s=7TeV:|Ldt=461" § |y &
= Y\ —
@ RN . \s = 8 TeV:|Ldt = 20.7 fb" - <
3 i —
g) 2 ‘\\ —_2 InX(p,mH)=2.3 1 15
(7] 2.5;— AT LR -2 Ink(u,m,) = 6.0 —;
2:_ —o— Howw'iviv (201142012)
5 —¥— Hoyy (2011+2012) 1 —10
15 —a— H-zZ51 (201142012) 3
=N ]
/SN - -5
0.5 o

pao v b v by _
D5 120 925 130 135 140 145 150 155 °
mH[GeV] 33




Consistency with SM hypothesis "~

| | | | |
ATLAS Preliminary
W,ZH — bb

\s=7TeV: [Ldt=4.7 b

l I
m,, = 125.5 GeV

Vs=8TeV: [Ldt= 13 ™

H— 1t
Vs=7TeV: |Ldt= 460"
\s=8TeV: det 13fb‘

H— WwW!' —>Iv|v

\s=7TeV: |Ldt=461b"
\s =8TeV: |Ldt = 20.7 fo

H— vy
\s=7TeV: |Ldt= 48fb
\s =8 TeV: Ldt 20.7 fo!

Hozz" 5 a4

\s=7TeV: |Ldt=4.61f0"
\s =8 TeV: |Ldt = 20.7 fo

Combined
Vs=7TeV: |Ldt=46-481b"
\s=8TeV: [Ldt=13-20.7 fb”

w=1.30+0.20

-1

u=1.30x£0.20

0
Signal strength (u)

+1

o - BR
(0 BR)SM
\s=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"
n=080£0.14| p_ =0.65
H— bb =
w=1.15+0.62 i
H— 1t -
w=1.10+ 0.41
H— vy ———
w=0.77+0.27
H— WW
W =0.68+0.20 -
HoZZ
u=0.92+0.28 ™=
1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.5 2 2.5
est fit 0/0

u=0.80=0. 14[3

Consistent with the SM prediction for both ATLAS and CMS, with ~15% precision.
Theory uncertainty (QCD scale +8%@NNLO and PDF+a, +8%) is comparable to experimental.
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Consistency with SM hypothesis

ATLAS ==o(stah)  Total uncertainty

m, = 125.5 GeV Zifg:i) +15onp o, 7Tl Lss: o' s=8TeV,L <1961’

H— vy +0.23 g n=080+0.14 | CMS Preliminary m,=125.7 GeV
w=1550s 1010 l H—bb (VHtag) | 42=6.2 (p, =0.94)

Lowp,  w-1ogios —— H = bb (tH tag) .

Hohey  we17o 05 —t— H— yy (untagged)

ey = 1922508 —— H > vy (VBF tag) %

VH categories 1 =1.3"%|10.9 ' | 1 H = yy (VH tag)

Hozzodl o e H > WW (0/1 jet)

stggr:!kea;fgfzgm { : H— WW (VBF tag) N B

e es = 14507 |10.35 — | H— WW (VHtag) ——

H— WW* — Miv igzl 1 H— 17 (0/1 jet) ——

,,,,,,,,,,,,,,,,,, H=099%0 k0,12 | H— 1 (VBF tag) i

ot w-08thoz| e | H - % (VH tag)

2etVBF =14 k05 ? Ho ZZ (0 jet)

Comb. Ho, 22!, WW 0 2 T H - ZZ (2jets)
n=1330%0 " i et W®PY L

s=7TeV [Ldt=4648fb" 0 1 2 3 * ? ° BeS'[ ?It (5/ (6} Sl\:

\s=8TeV [Ldt=20.7 b Signal strength (u)

u=0.804+0.14 } -

u=1.30+0.20
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X B/Bg,

uVBF+VH

Consistency in 2D

L
: 3
Test production modes b
[ ] ° >
in the various decay =1
modes.
JoETTTTTT T T T T INARAN BARRE RRARN RAREE RRRRN

- ATLAS Preliminary .
sl ‘ Vs=7TeV: [Ldt=4.648f0" ]

B \s=8TeV: |Ldt=13-20.7fb" ]
Sl —Hoyy + Standard Model |

B —H-2zZ" 54 X Bestfit g
41— —Ho>ww” 5 vy —68% CL —

B H- 1t --=- 95% CL 7]
2F -
of :
2F =

- m,=1255GeV .

_4"....|....|....|....|....|.]..|....|....|....|.]..‘
2 -1 0 1 2 3 4 5 6 7 8
l'lggF+ttH B/BSM

Lniara iviariotu

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV.L<19.6fb"

6 I I 1 I I ] I I I ] 1 1 13 1 1 1 1 1 T
i + Ho1
i + H-WW
i + H-ZZ
41 H— bb
: H- vy
2 - -
0 - —
1 | I 1 | | |
-1 0 1 2 3
uggH+ttH
W"'



VBF production

\s=7TeV,L<51f" \s=8TeV,L<19.6 fb"

CMS Preliminary m, = 125.7 GeV

Combined
u=o080+0.14 | %*=3.2(p,, =0.52)
ATLAS ==o(stal) - Total uncertainty Untagged -
m. = 125.5 GeV o(sys) nw=0.78+0.16
H ™ . o(theo) + 10 + 26
+0.4 i : : :
N : i : : VBF tagged
H— vy 04 5 S : w=1.02+0.34 ™
+0.7 e
Mygravn _ R o4 : e g
Hopn 0.5+ 0.2 : i : : agge
o -02 S N n=1.02+0.49 ™
+1.3 : :
H— ZZ" - 4l ~08 ttH tagged
S W=-0.15+286 =
MVBF+VH_ +2.4 : : . [ Y| A .
Hogratn — 0-6%3 e -4 - 2, 4
= S DN D B Best fit o/c,,
H — WW* = viv
b _ p 22 — Hysrsvi / Mggrann = 1.4+0.4-0.3(stat)+0.6-0.4(sys)
HggF+ttH I K¢
. < T AR LU UL LR IUULAE ULRE LS B
. : 3.30 evidence £ 14 ATLAS E
Combined : o C Y \s=7TeV |Ldt=4648M0" ]
H—>'Y'Y ZZ* WW* : for VBF _I 12:_ \s=8TeV ILdt=20.7 fo! _:
B Y06 | . > F ;
iVBFNH _ 4+8573 722 pI‘Oductlon 10:_ m,, = 125.5 GeV E
“T-0.5(+0. : . - ]
ggF+tH i - | ............ . S o o oL, (drlven by H 9 vv) 8: — Combined Hoogy, 22, W 3
—— S e 6:— --- SM expected _:
\s=7TeV [Ldt=4.6-4.8 b’ 0 2 3 4 5 : ]
/ 4:._ ................................................................ _.:
\s=8 TeV ,[Ldt =20.7 fb1 MVBF+VH uggF+ttH 2:_ ’ _:
N T I N T
-05 0 0.5 1 1.5 2 2.5 3 3.5
/
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The couplings

They can be extracted from the different final states at the LO EW
and NLO QCD approximation:

oH)xBR(12>H->xx)=0,;xI, / I'y

We can measure deviations from the SM couplings, by
measuring ratios w.r.t. to the SM prediction.

As an example for the gg> H - yy process:
(0xBR) (gg > H > yy) =ogu(gg > H) BRH > yy) * K> K2/ Ky®

« LHC XS WG benchmark models (arxiv:1209.0040):

— Fermionic vs bosonic couplings: xy K;
— Search for asymmetries: Ay, Aqy, Ny
— Search for new physics in loops: k, k, BRggy
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Custodial symmetry

Testing custodial symmetry (measuring HWW/HZZ couplings) will tell us if the

the object produced is Higgs-like.

All channels. x; profiled 5o

CMS Preliminal

Yy s=7TeV,L<51fb' \s=8TeV,L<19.6fb"

—_
o

T T T I T T T | T T T [ T T T I T T T ] T T T l T
ATLAS Preliminary . [
is=7TeV,|Ldt=4.6-48f" — Opserved

4.5
4.0

\ III‘\\I,II\\ T
— Observed

---- Exp. for SM H

111l

-2AInL

ll]llll]l

\s=8TeV,|Ldt= 13-20.7fb"  -- SM expected
3.5

3.0
2.5F
2.0F
1.5

Illllll

|

|II]I|IIII|[II]|IIII|IIII|IIII|IIII|IIII

llllll

1.0}
14 16 0.5

IlII'lllI|lIIIIlllI'[IIIIlllIIIIIIIIIIIIIIIIIIIII

O a D W 01 O N 00 O

(@) IIII:[III

AIIIII

e b b b b b bev bl T

wz 0.0

o

ATLAS: A,; € [0.61,1.04] at 68% C.L.
CMS Ay, € [0.73,1.00] at 68% CL
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three degrees of freedom:
Az ¥z, and K.

I'psm = O.

fitted my



Couplings: ky, k;

Assume all fermion couplings scale as kg while all vector boson couplings scale as k.

CMS Preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"
AL ATLAS  LiH—-4l EHoMy | ¢ SMHiggs @ Fermiophobic @ Bkg. only
E s =7 Tev J‘Ldt 4648 fb"‘ . H - ,Y,Y .Combined : 2 __ ........ ettt
3E 15-8TeV [Ldt=20.7 1o + SM x Best Fit i
43 ERR
1= = -
O;_ _; O[:_'_ ...........................................
AE ER
2 — -1 I
:IIIIIIIII|IIII”IIII|IIII|IIIIIIIIIIIIIIIIIIIIlIIII: B
06 07 08 09 1 11 12 13 14 15 18 i
Ky 5 -
T(H> yy) ~ ok, + B kel %, a/p=-0.2 o
I'gsy =0 — e~
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Search for new physics
in loops and decays

CMS Preliminary {s =7 TeV, L<51fb \s=8TeV,L<19.6fb"

L1 5.0 S AT L
< 4.53_ — Observed g
cﬂ 4 0; ----Exp. for SMH |7
Effective couplings to gluons and photons. N 5
. ] . v . 3.5F =
Note best fit K, ~1, withk, <1in linewith u <1 i , ]
. & 3.0 / =
in VV modes as well. g ]
2.5 ! =
l—‘ = O N ; N
BSM . g ' ]
2.0 / <
g jATLlAslllt 155_ v BRBSMOEO.52
22F +SM 3 “F S/ .
i \s=7TeV _[Ldt =4.6-4.8 10" X Best fit 5 1 0 : ’,' @ 95 /0:- CL
© \s=8TeV [Ldt=207 b —68%CL E : ]
1.8F Combined Hoyy, 2, W~ " 98%CL = 05 /. ]
16:_ _: L —|‘|'|’|’| NN FEREREE loiaiading [INEREREEE! Lovvnnnny 9
” E 0002 04 06 08 1
1 2:_ B 5 CMS Prelminary s - 7Tev, L <51 1" Vs -8 TeV L< 196 10" BRBSM
ef 10 SERRREERE RRRARARRA [RARRRARRN IRRARRRRRN ] . )
E 1 18 . Loop-induced couplings free
0.8F- 1 1ef £ .
0.6 4 14f ] (KY » Kg profiled).
08 08 T Tii2 a4 s ie 17 12f T E Allowed for extra particles
1.0k -~ RN = . . .
Yo C G})\\\‘\‘.“ ; in loop, i.e. extra width.
0.6F e, N T E
) i -
0.2F =
JRTTRTEETI FTEE TN FNE TR ST O —*‘VW'
%80 0.5 1.0 1.5 2.0
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Summary of all searches for
coupling deviations

ATLAS Total uncertainty
m, = 125.5 GeV + 1o + 9%
5 | Wk
kvl s
Model: [ AL
Ky, K¢ : :
: . 2 o
ke |
i i : : 10
Model:  , | - 20
Meys Kyy PVl
| ; 14|
Model: 2
Mz Mz Mgz : A
F7? KZZ [ S PP RTPP 8
: 2 o
“a| :
Ky ; 5 \ 2
=
N 0 1
\s=7TeV [Ldt=4.6-4.81b" Parameter value
\s=8TeV [Ldt=20.7 b Combined H — vy, ZZ*, WW*

[s=7TeV,L<51f" \s=8TeV,L<19.6fb"

CMS Preliminary i 68% CL
: == 95% CL
KV -‘l—
Kf *: pSM = 0 37
Myz e P, = 041
X =
e e —
Ay : P, = 039 %
’ 1
*
7”Iq . P, =049 | @
Kg -*...:
KY el p. =0.23
' s
BR = 0.41
BSM P .
|....1....1....1....13“1'...

0 05 1 1.5 2 25
parameter value
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2500 e e = 250
o B élDPa‘a H—vyy - o - ATLAS H—yy —— J"=0"Expected
o B JP =0 B Co=_ _ -1 e J°=0'Dat ]
c [ Background N ‘g 2005@_81-8\/ det—20'7 fb J'=0"Data —
o 2000 —o— [0 Bkg. syst. uncertainty
> - — > r .
= i 1501 O -
1500;f|tfI - - —— ;
B ’ 100———1—, | -
1000 - - ]
C ] 50 3
L ATLAS ] r o —e ]
500 ) ] c ]
F Vs=8TeV det=20.7fb1 ] Us s
I T T B B I T B e B Covvo b b b b b b n b b aa bvw o
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Icos 6% Icos 6%l
- before event seIect|on after event selection
o6 CMS Preliminary 005 CMS Prellmlnary
5 T T T T 5 005 T T e
SUTeremy T S R ; "o (s ]
oosf * 2m (99) | ] 2—|— | L TR, 5 5 2, (99)
@ 4 \dg ) s L e P2 (@
‘ ] 1 ] [ } “ F + a0 1 1 |
oosf- : ! : : 3 e et o E
S T T PN R T ROt 2 S E
RO St meeas TV UL VL s i TS S B L 3
e ,F”““f”*“*“‘i i S T S O D
0.02— ' ' . — E ' ' ' ' =
r ] L ' ] 0.015- ' : ' e E
- S P AN O . T R S
F ! ! ! ! 0.005= ! ! ! RS LS e
P A I P S B H T P U P I B N P IR P U S B I U P SN P
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Icos ()l Icos(8.g)!

Spin studies in H->yy

Decay angle cos6* in diphoton rest frame:

[cos 0™

. 1 2
sinh(An?™)|  2py py

No event yield information (cross section) is used but shape only.

\/1—|—(p%'7/m77)2 m%V

- 2501 T
° - ATLAS Heyy —J _2+ Expectedf
£ 2oo;\{§=sTevadt=2o.7fb e f=2'Data -
g C Bkg. syst. uncertainty |
& C
150 2"' ( '0%) .
100~ -
C _],_I__'j ]
50 — 3
- o ————
oF R
T T T S T I S T B B
0O 01 02 03 04 05 06 07 08 O0.
Icos 6%l
CMS Preliminary Vs=8TeV,L=19.6fb"
30'09 E Simulation Data
- 0" (SM) m =125 m,,=120+2.5

0.08

0.07

0.06

0.05

0.04

2, (99) m =125 —-m,,=125:2.5
-~ 27 (qq) m =125 —-m,,=130£2.5

0.03—
wf- Data=Signal+Bkg
0.01;
07”"\""\""\H"\""\"H\HH\HHE-‘-H.JHH
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1
Ices(e#“a')
—

-
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Spin studies in H>OWW-=2lvlv

Kinematical variables sensitive to J*: A¢y, My, m ...

Make use of spin correlation in H>WW —lvlv decay.

3 [ 7 arLas R B B
E 100+ ATLAS ; —4— Data - background = 100+
- @:aTevadt=2o.7fb ] f-o w e
- H— WW* — evuv/uvev + 0 jets B -
50 O 50
RN f
07 =1 I_H‘P- |I+T I-H- 0
L ! | * | 1 1 | 1 | 1 !
0 10 20 30 0
BDT output
M, =125 GeV
CMS preliminary L=19.5 i’ (8TeV)
100,

M, (GeV)
B 8 8 5 8 3 8 8

g

20, (125GeV)

ATLAS

Vs=8TeV

T

Ldt=2071b"
— WW* — evuv/uvev + 0 jets

—— Data - background ]

|:| F=2"f_ =100% T
qq i

CMS preliminary L=19.5 o (8TeV)

80

I T [ T I BN 1
90 100

-r

0
M, (

30 ‘
BDT output -2 0 2
)
CMS Preliminary \5=7TeV,L=49f";{5=8TeV,L=195f"
2 r
%00 N
C 0+ 1
F200f =
E C D] 2+
o
!000 [ == CMS data
8 [
800f
600F Tl =
L 1
L ]
a0of- P
= %\_
| i T i
% 20 40 o0 10

n(L ILDS)




Events

JP

Kinematic discriminant built to describe the kinematics of production and

decay of different J® state of "Higgs"

> T TT
CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6fb" CMS preliminary Ys=7TeV,L=51f" y{s=8TeV,L=196fb" c [
7—LIII‘;IIII|IrYII|IIIIIIIIIlIIIIlIIIIIIIIIlIIII|II].I_ w _||||lllllllllllIII"I.‘llllllllll_l. go.zsjATLAs* _Data ]
B 12 o o N L T Hozzr -4l .
- ¢ data 16 - 0+ vs O iy . g - Vs=7TeV [Lat=461f" J=
6 — 0, m=126 GeV - E L 0 1 T 0.2 ls=8TeV [Ldt=20.7 fb" - = E
- =0, m, =126 GeV 18 i —cMsdata | £ |
s [z 1% 008 7 2o0.1sF 0~ A1, O—|— .
- [ 2+X :§ I ] AT
g ] i ] 2 N ]
4 18 o06F . o SR
: il ] i | |
3f I ] 0.05¢ | | B
B B 0 A I ]
- 0'04_ O_°16/0 e NN 2 N e S
of I ] 5 10 5 0 5 10 15
E 0.02 - 7
0 R oy : I : ]P CL;
0 010203040506 070809 1 0 ™0 0 0 10 20 30 0~ | 016%
D :
0 -2 X In(LO_ ILy) 0; 81%
Doy | 15%
More J* hypotheses have been tested in a similar way > | 2%,,; | <0.1%
1~ <0.1%
1t <0.1%
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Combination

JP

1+

2+

production  particle ATLAS CLs
gg—>X pseudoscalar 2.2%
(H>ZZ%)
qg—>X exotic 0.030%
pseudovect. (H>ZZ* WW*)
qg—>X  exotic vector 0.27%
(H>ZZ* WW*)
gg/qq—>X graviton 0.042% (gg)
minimal coupl  (H->vyy,ZZ*,WW*)

ATLAS
H— vy e Data
Vs=8TeV fLdt=20.7 o
CMS CLs
Vs=7TeV [Ldt=461b" W:io
Vs=8TeV fLdt=20.7 b"
0- 16% H — WW* — evuv/uvev
i Vs=8TeV fLdt=20.7 b
(H>2z¥)
<0.1%
(H>zz*)
<0.1%
(H>2z7%) O 0 et 9P =1 4P-2n
0.6% (gg)
(H>ZZ* WW*)
60%
(H->vy)
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VBFH— WW

High luminosity LHC: HL-LHC

HL-LHC with L=300 fb* (3 ab™)

Higgs mass precision AM ~100 (50) MeV.
Access to top-Yukawa coupling via ttH, and rare decay H—pp.
Coupling precision ~5% reachable (even few% in k, /x;).
Theory uncertainty dominates

ATLAS Preliminary (Simulation)

s =14 TeV'det—SOO fo'! 'de'[—3000 fo'!
fLdt=300 b extrapolated from 7+8 TeV

HQMMW‘HH‘H“H

ttH,H—uu

VBF,H—>1t

H— 77

0O 02 04 06 08

A

u

CMS PrOJectlon

luminosity ratio

L e e e e e B
Expected uncertalntles on 1 300" at fs =14 TeV Scenario 1
Higgs boson couplings 1 300fb"at Vs =14 TeV Scenario 2
K |
! —1
w —— L = 3001b
K, P——F+—
Kq
Kp
Ky
(0]
. 4 15%;
0.00 0.05 0.10 O 15

CMS Projection

expected uncertainty

— T T
Expected uncertainties on
Higgs boson couplings

 —
KY
Ky [—+——

Kz —t+—

[ 3000fb"at Vs=14 TeV Scenario 1
| 3000fb"at Vs =14 TeV Scenario 2

L =3ab !

2 10%

1000

100

T
ratios of LHC parton luminosities:
14 TeV /8 TeVand 33 TeV /8 TeV

—99_
-- Tqq

MSTW2008NLO

1 1
10 100 1000 10000

M, (GeV)

0(14TeV)/o(8TeV)
gg—~>H 2.6
qg—>qqH 2.6
qq>VV 2.1
gg—~>ttH 4.7

Scenario 1:

current systematic uncert.
Scenario 2:

theory uncert. \1/2
other systematics \ 1/VL

§
-

P I
0.10 O 1 5
expected uncertainty
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Conclusion

A discovery of the whole experimental and theoretical
community:

a “Higgs boson” particle
at my~126 GeV

Grupew 20¢0

A new era is beginning...

Ts fere augfivg begoue He Staudsed Modoe 7

Tw
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CMS preliminary Run2012  ¥s=8 TeV
Con rO ‘ CombRellso PF dB <0.2

1p—=a R

CMS Preliminary 2012 Vs=8TeV,L=1961fb" —.——

Efficiency

p; > 20 GeV "4 Data

electrons
MVA ID + isolation efficiency
(Endcaps)

nw)l<24 4+ MC
' -4 Data/MC
P AR

i PRV A AR W
5 10 15 20 25 30 35

Probe in endcap: 1.479 <y 1<2.5 .
pace Number of vertices

Simulation

H—> ZZ =4l candidate
CMS preliminary 2012

24 vertices
—5— MVA PF, data ‘
122" at (s=8TeV
—&— MVA PF E; simulation
—— No-PU PF ; data

—#— No-PU PF [; simulation

>
o
)
3:
©

Leptons and MET
Almost insensitive
to pileup

LT T T PT PP PP LU

5 10 15 20 25 30 35
Chiara Mariotthumber of vertices




CMS Preliminary \s=8TeV,L=19.6 !

[/} F
o
c [
Q _ []2/ndt 31.12/28 ‘
0120j Prob 0.3116
H p1 9527+ 0.920
100: p2 -1.813+0.288
HN 97.99: 9.17
[ m 3,067+ 0,007
80H o 0.09291 = 0.00750
60 r+data t

ol /P2 ee \

. . )

_;i{rt fdu_ ‘4‘.3'[... ....... \{_4 M

. .
0 1 15 2 25 3 35 4
me. (GeV)

«J Preliminary (s=8TeV,L=195fb"
—~ L B B A BN AL BN
% 220001 » 10<p_ (1) < 20 GeV 3
(5 20000F 0.0 <) <0.7 5
5 18000;— —
© 16000F Ye =
< 14000 i
o - ]
‘c 12000F 1
[] C
> 10000F
N -
8000}
6000;
4000F
2000:
of
CMS Simulation
%1zool4p m_ =126 GeV
O - H
& [ 0,=12GeV
21000~
T RMS,=17GeV
P i
2 i
¢ 800 o
w o 0 Simulation
600_— —— Parametric Model
400
i 4u: o= 1.2 GeV
200 |
0‘_ 2l ';";:'-.;;;-.?g;"‘;:;.v.aftfitf";:" I “\iﬂ.i-‘;;"'!_?‘:51‘..‘.‘;:.’;:;; ]
10 115 120 125 130 135 140

m,, (GeV)

momentum scale:
0.1% for muons
0.2% for electrons

of 35<pT<50
up to 1.5% at low pT

—events

Electrons and Muons

CMS Preliminary s=8TeV,L =196 b"

72/ ndf 121719
k Prob 08815
N1S 932:27.8

meanY (1S)  9.432.:0.006

000
r oY (15) 0.162 20,007
L a 1.644 = 0.258
L n 53.95 :9.57
N2s 6316122
800

mean Y (28+3S) 10.08 = 0.02
oY (28438)  0.3321+0.0130
1

i { \wj@\ w o187
i g4

60074 ata | ¥
I ‘

400

A b
I o*
logoe0ete ¢ \N
8\\\\BI5I\\\91\l\gls\\I\10\\J1\0.él\\11\l\1\1.5
m... (GeV)
\ 4OO_I\?M‘SISIirnIUI\at‘IO?II\‘III\‘\\III\\II'\\JI'_
- Oycp = 2.7 GeV ’ 126 GeV 1
350} RMS ;= 3.8 GeV
3002_ Gyop = 2.0 GeV
- RMS,; = 3.0 GeV
250

C _+_ Simulation (E o P comb.)

200 :_ _+_ Simulation (Emgr-p comb.)
150

TT T[T

4e: o= 2.0 GeV

III\‘III\‘\JII'\J
0 110 115 120 125 130 135 140

52

my; (GeV)



Ac/c (data - sim.)

0.4

0.3

0.2

0.1

Resolution

CMS Preliminary Ys=8TeV,L=195 '
TTTT N DL LA L L
C | oo JY, Py 5-7 GeV e Z P, 20-45 GeV |1
—| o Jw.p 7-10GeV | [] Zp 45-90 GeV ]
| o Jw,p 10-15GeV| o Y,p, 10-20 GeV ]
- 2
N 03
- o()D o o7 lj ]
e 0 Y O ¢
e e é
- -
- Slngle n ]
: N I | I | I - [ L1 1 1 I | | 11 1 :

0 0.5 1 1.5 2
muon |

Good understanding of
the lepton, dilepton and
4 lepton resolution

Measured relative mass resolution

Measured relative mass resolution
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0.05

CMS Preliminary Vs=8TeV,L=19.61f"

0.04

0.03

0.02

0.01

o Z-pup simulation

o Z-ppdata

*a

\I\|!IIIlIIIIl\I\I‘I\I\lIIII L1l 1 111 |

0.05

o
f=}
=
[

0.04

0.035

0.03

0.025
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0.015

o

o o
o b
& =2

‘ 111 | 111l ‘ 111 | L1l
0.005 0.010.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Predicted relative mass resolution

CMS Preliminary {s=8TeV,L=19.61"

o Z—ee simulation

¢ Z—eedata

o*

fe 7

2e

IJ\\lIIIJ I

‘ 111 I L1l ‘ 11
0.005 0.010.015 0.02 0.025 0.

Predicted relative mass resolution

CMS Preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.61b"

o 70
G ¢
N oo M;=91.17+0.23-0.22 GeV A
@ [ T;=286+051-047GeV
£ f
0 0F o pata
L - *
o- 07
- Dz
30F
2| 4 leptons
10
50 60 70 80 90 100 110
m,, (GeV)
Lepton resolution=1-2%
uncertainty: 20%
Validated in situ with Z(41)
-




Higgs couplings
j g T

h Ry h e % h A’ A
L _ ;"M < Cigmy g «  =igmgg"
- o . ‘\ - “

~

-

No direct coupling to massless particles

(a) R (b) w Y
() : ¥ H = vy

Top is dominating

oK, + BKf|2 , a/fp=-0.2
destructive interference between W and top
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Custodial symmetry

Testing custodial symmetry (measuring HW/HZ couplings) will tell us if the
the object produced is Higgs-like.

Only 0/1 jet ZZ, WW. x; fixed to SM All channels. x; profiled.
L N AT AR P G L ) 5.OpMSEE oI e T oot
< 480 - H— VV (0/1 jet) | — Observed E I= 4_5; — Observed ]
cﬁ 4-03_ ---Ex?.forSMH _ : 4-02_ == Exp. for SMH _
" 35 - " 35 ; =

3.0[ ] 3.0[ | ; =

2.0f = 2.0f : 2

1.0 s 1.0f L - :

0.5/ e 0.5 i ]

00— I B - 2 00— 05 1 s 2

}\‘WZ (Kf = 1) }“WZ
[0.75,1.13] @ 68% CL [0.73,1.00] @ 68% CL
Consistent results with the two approaches. /
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Couplings: «y, k;

CMS Preliminary y{s=7TeV,L<51fb' \s=8TeV,L<19.6fb"

v 2 0: ,,,,,,,,, SACALTLAR ELNGARRELL ]
1.8 E
152 o : 1
1.4} ".’... —~ {

. e \ ]
1.2 // \ =
B : | ]
081 b / . .
: i\ /5 i
0-61- AN s
04 e - 1
0.2}~ E
0.0: """""" R R R S A S | 11 L1 1%
0.0 0.5 1.0 15
Ky

-2AInL

—_
o

W/Z bosons

CMS Preliminary {s=7TeV,L<51fb" \s=8TeV,L<19.6fb"

RARRRRR RN L RERRLEN S T — —
h

' 1

— Observed

---- Exp. for SM H

S a4 N W b OO N 0 ©
TTTT T TTTTTTT

[0.81,0.97] @ 1o
[0.73, 1.05] @ 95%

-2AInL

F I
10 CMS Preliminary ys=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"
— 1 BERREEEEE R | S 7
9; \ — Observed g
o ----Exp.for SMH |{
81 ]
7t 1
6F =
5f s
af &
3 =
2F 3
1f
0’\M\ ‘‘‘‘‘‘‘‘ 1
0 0.5 1 1.5 2

K (i, profiled)
[0.71,1.11] @ 10
[0.55, 1.31] @ 95%

* Good consistency with SM hypothesis. -
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Couplings: xy, k; teamwork

CMS Preliminary \s=7TeV,L<51fb" ys=8TeV,.L<19.61b"

o . 4 SM Higgs ® Fermiophobic @ Bkg. only

2 I , R+t ssssss s ssssasasasssass
i Exclusion of k; < 0 from

1 I combination of:
- * VV modes: k, >0.7
! ; * Tt boosted: [k ~1

oh 0 A S (Tt VBF sensitive to k)
- 5 * yy: K =-1, k, =1 would require
i BR(yy) ~2.3*SM

B —

D 1
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CMS Preliminary (s =7TeV,L<5.11b" {s=8TeV,L<19.6 b’
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Fit all couplings at once
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LIS L L L L L L L 2L LI

CMS Preliminary (s=7TeV,L <51 o' \s=8TeV,L<19.6f"

£ 45

<
N 4.0

3.5
3.0
2.5
2.0
15
1.0f

t

LB L N B L L L AL SNSRI

4

— Observed

----Exp. for SMH

35
3.0
25
2.0
1.5

RS R R L L LR

0.5}

- \ -

F ! — Observed ]

o \ N

o \ ]

g .| 't ----Exp.for SMH |1
\

n ' ' N

' ' 3

- ) ' -

- i 4

- ' 3

o h ]

- ) 3

- \ ) -

o ' ' ]

- '\ ' 4

o \ ' ]

- ' ' -

' ' ]

' ' ]

' ' .

\ ' |

- \ K -

. \ B 3

- \ K ]

o \ ' ]

- \ ' -

n \ [ i

o \ ' ]

\ I 3]

\ ' ]

' ' b

\ ' 4

\ ' 7

| 3

- , -

o X | ]

\ ‘ ]

INERENI WL} v bt e 3

1.0F

0.5}

5.0

:I\III\I\I]
0.00

0.5

1

1.5 2

2.5

el aiae’)

RN EEEE PR FEEEE FEEE AR FE R REE IS s e 2

0.00‘

K,

CMS Preliminary ys=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

4.5
4.0F

-2AInL

RARRRRER

(HAAARRRRN RARRRRRRRN RARRRRRARE RAREY AN Y
' B

5.0

1

2

3 4

K,

CMS Preliminary (s=7TeV,L<5.1fo" \s=8TeV,L<19.6f"

4.5
4.0

3.5t
3.0
2.5
2.0
1.5
1.0F

T

TTTTTTT

'
A

a I'. — Observed
g -~ Exp. for SM H

-2AInL

35
3.0
2.5f
2.0
1.5

05}
0.

EENENNEEN AW

NI EETE PN N PR T SRR FEREE RS I S

1.0f
05}

[RURENE FERER (RENI RERTERE NS

0.5

1.5
58

2
X

2.

0.0

AR R AL N L L s u1 ) RRARRRNRRRAARRARN
F d — Observed E
L I v ----Exp. for SMH |4
- t T 8
: | ; 1
- ! ]
s : ! ]
s \ ' 1
- \ ! .
r ' h 1
- ' h ]
- ! H ]
\ ! ]

s ! .
s \ [ ]
- \ ; ]
o | [ ]
s ' ) ]
r ' 1
- \ -
- 1 -
\ .

\ .

1 1

) .

\ ]

\ ]

:I\III\I\II NN TN ll\llllll J\Illllll\llllllk\:

5

0.5

1 1.5

2 25

KY



CMS
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Fermion universality

CMS Preliminary {s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

4.5)
4.0F

IIIIIIII

----Exp. for SMH Z

5.0 o L d

— Observed

3.5}
3.0f ‘
25F ".|
2.0f
1.5)
1.0}

0.5)

\
R

L1ia111]

:IIIIIIIII|IIII
0'00 0.5

Adu= Kd/ Ky

2

)\‘du

1 5.0f
i 45}
o 4.0f
35
3.0f
2.5f
2.0f
1.5
1.0f
0.5

0.0

CMS Preliminary {s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

| 1
1
1
1

||||||||| I I A I I '| L L B
1
1 -

/| == Observed

---- Exp. for SM H

[ 1111

[ B B A

0

3
g

A

Chiara Mariotti

59

=



If no assumption is made, all

Total width with free couplings

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"

couplings are degenerate with — 5'0? S o ) '_ Ob — d """" :
the total width: £ 450 =eIVa £
All 0-BR scale as 14/ (2 [gy+ T <t ----Exp.for SMH [
o-BR scale as k4 / (k2 I'gy+ Tpgy) ~ 4-02_ ' p _;
However, in most EWSB models 350 =
Ky <1 5 0_ ' E
If that constraint is imposed, one F .
can put an upper limit on the 2 5F =
total width with no other ' ]
assumption on the other 2.0f =
lings. - -
couplings 15 -
- 1.0f f
Upper limit to BSM 05l :
decays imposing ky < 1: S ]
» -1'1—|‘| 11 | NN l | | pedr a1l
BRpoy < 0.64 002 04 06 08 1
@ 95% CL BRpsu

—
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CMS

Summary of all searches for
coupling deviations

[s=7TeV,L<51f" {s=8TeV,L<19.6fb"

[s=7TeV,L<511" \s=8TeV,L<19.6fb"

CMS Preliminary W 68% CL CMS Preliminary & 68% CL
== 95% CL : == 95% CL
. Ky ol
K N E
W E Kf *: pSM = 037
KZ :* MZ *: pSM=0'41
: : -
: Ay _:*_pw=0.39 2
Kt * ;\’ : 1]
: 9 e 049 | ©
: K . :
E K—Y + pSM=0_23
o ol N
LT ettt B cover ORI 5
oo v b bvr o by by L L1 I L1l L1l
o 05 1 15 2 25 3 0 0.5 1 1.5 2 2.5 |
parameter value parameter value
S~ o
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det:SOO fo”! extrapolated from 7+8 TeV det=300 fo™" extrapolated from 7+8 TeV

L NNL USRI L LU O D LI LI LI L I

H—pp

fttH,H—pup
VBF,H—=11

H-vy (+) g
H—WYB,,_ ol ol
0 02 04 06 0.8 0 02 04 06 0.8
A AT JTy) . Alx, /xy)
M [y/Ty Ky/ Ky
300 fb~! 3000 fb~!

ky | 3.0% (5.6%) | 1.9% (4.5%)
kg | 8.9% (10%) | 3.6% (5.9%)
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D PSM + P]P (mzl’mZZ’Q’m4-())
N = — = =
SM JP “om\Mz,, Mz, , L 1My
CMS preliminary Vs=7TeV,L=51fb"\s=8TeV,L=1961" CMS preliminary \s=7TeV,L=51f"\s=8TeV,L=1961fb" CMS preliminary \s=7TeV,L=51f"\s=8TeV,L=1961fb"
Q 7:L|||II|||Il|||II||||||||IIIlllllllllllllllllllll-l: &) 12—||ll||llllllll|llll]Illl|llll]Illllllll]lllllllll— Q _Il|llll|||Il|IIlllllll|IIllllllllllllll]lllllllll_
S [ e data 1§ “F o daa 1 5 10F o .
LI>J gL — 0, m =126 GeV J L1>J [ —0',m =126 GeV i Lﬁ [ —— 0", m =126 Gev i
o J”-o m, =126 GeV 1 10F - J°=0;, m =126 GeV - L eeeees P22, (gg),m =126 GeV i
5o [z E [ zzzy ] 8 [z 7
MELA: r [ z+x ] sl [ z+x b | [ z+x i
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: : ~ T : i " 4r -
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CLs values for 2*_(gg)
« Expected results with u=1"
77 WWwW Comb
6.8% 1.4% 0.2%
* Observed results at measured u
77 WW Comb
1.4% 14% 0.6%

* Observed results weaker than expected
especially for WW due to best fitp <1

(like having less luminosity)
* Observed better than expected for 77

due to a fluctuation

Spin 2 combination: results

CMS preliminary ys=7TeV,L=51fb" {s=8TeV,L=19.61b"
I LI

(LX)

> - UM
@ 01 .0 _
9 [12:(g9)
> r —_—
2 0.08 CMS data ]
e) L
T
0
e -
@ 0.06
0.04}
0.02

T | LI l LI I LI | I LI

10 20
2xIn(L

2,,(99)

30
/L,)

The observation is well compatible with

SM Higgs expectations (07)

The data disfavours the the 2* _(gg)
hypothesis with a CLs value of 0.6%
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CMS

AX - N, = 'u_le’{“f;’” (Ialgm,mf(

+ ag quqv +

H—77 —4l: Mixed parity

x

a3£uuaﬁ d1 QQ/

5\

foz = |A3|2/(|A1|2+|A3|2)

\s=7TeV,L=5.11b";\s=8TeV,L=19.6 fb"
T T 1 | 1 1

0 0.2 0.4 0.6 0.8 1
fa(3

CMS Preliminary

Vs=7TeV,L=51fb";{s=8TeV,L=19.6 fb"
T T T T T

LI B

/;

J [T T T ‘ T T T
< L
ﬁ 10 i
B — CMS Data
8 - Expected
" | u profiled
6 [
. L
) L
0 B T L
0 0.2 04

a
» SM 0+ decay dominated by A1

» 0- decay dominated by A3

f.3=0.00 "% 44
f,3<0.58 @ 95% C.L.

0.6

0.8
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Jet categories

CMS preliminary Vs=7TeV,L=5.110" {s=8TeV,L=19.6b™
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c 20 -

2 18: ¢ Data .

° Lu C * ] o o o
Un-tagged (0/1 jet) " T [z.z Di-jet Tagged (>=2 jets)
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12: [ |m=126 Gev 1 i 5
(VBF fraction~5%) " E (VBF fraction~20%)
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Jet categories to measure couplings

CMS Preliminary Vs=7TeV,L=5.1f" Vs=8TeV,L=19.6b"

j‘> 12_[I]lIIIIIIIIII[IIIIlIIIIlIIIIIIITIIIIIIIIIIIIIIII_
\s=7TeV,L=5.11b" \s=8TeV,L=19.61fb" C ’
— = 100 WesscL -
CMS Preliminary m, = 125.8 GeV B ]
8k [ JosmscL ]
6F * best fit e
- + SM
4 S —
2 :
Untagged oF -
-2F -
-4 7
_6‘_ : _
Dijet tag C :
8 IIIIIIII |I\IIIIII:lIIII|IIIIIII!IlIIIIlIIIIlIIII
-1050051152253354
1 1 1 l 1 1 “/F
0 1 2

Best fit O'/O'SM

o/ogy @ 125.7 GeV = 0.92 + 0.28

)J -
i d
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CMS
H -WW-—=2]2v: strategy

M,, = 125 GeV
CMS preliminary L = 19.5 fo! (8TeV)

* Pre-selection cuts:
(on lepton p;, MET, anti-b-tag.. )

« Jet categories: 0 Jet
1Jet
2 Jets with VBF topology

70 80

* 0 & 1jet category subdivided in:
* Different Flavour (DF) CMS prelimBir?aill(gLrS l:gg fo! (8TeV)
2D (M, my) shape analysis

. Same Flavour (SF)
Cut-based analysis

0

70 80 9 100 110 120
M, (GeV)

M, =,/2p"E"™ cos(Ag, - ET™)
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M, (GeV)

M, (GeV)

WW=24tv 2D analysis (0 jet bin)
MC Background Higgs signal at 125 GeV

DdCKyIuUNU CMS preliminary L= 19.5fb ™' (8TeV)

CMS preliminary L=19.5fb B (8TeV) 100
100 2
€ 9
90 -
80 80
70 70
60 60
50 50
40 40
30 30
20 20
60 70 80 90 100 110 120
M, (GeV) 6¢ e 2 )
Data BG subtra
CMS preliminary L =19.5fb a (8TeV) CMS preliminary L= 19.51b " (8leV)
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Z—1tt Embedding:
Z—uu data, replace u
with simulated 7 decay
Normalization from
Z—uu data

Syst: 5%

Strategy:

2500

[1/GeV]

2000

dyﬁw

1500

1000

500

0 50

CMS Preliminary, Vs =8 TeV,L=19.4fb ™

II:IlIIIIllllllllllllllllllllllllllll_
- LT —e— observed
i h [z
Bl clectroweak
(I
CQcb

22 bkg. uncertainty

/

100 150

200 250 300 350

M., [GeV]

= Select isolated, well-identified leptons, ;,

» Topological cuts (e.g. my in lt,) to suppress backgrounds
= Categorize events based on number of jets, T p

= Template fit to m_, shape

Anatomy of the analysis

W+jets

Shape from
simulation
Normalization from
control region

Syst: 10-20%

QCD
SS data, corrected

for SS/OS ratio
Syst: 10%
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