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PROPERTIES OF THE HIGGS
BOSON WE CANNOT “UNSEE”




Higgs in CMS — ca. 2008

Higgs boson — the field’s massive radial excitation, tacit to Brout and Englert, massless
via approximations in Guralnik et al., and explicitly mentioned by Higgs (1964).
Viability — photons and massive weak bosons can coexist was shown by Kibble (1967).
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& How SM Higgses are born

[http://cern.ch/go/cWH8] [http://cern.ch/go/Sn)8]
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Things you can’t “unsee”
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g (self-inflicted) Mission: impossible
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Spin Combination
Couplings Combination
Higgs to Diphoton spin
Higgs to WW(Ivlv) spin
Higgs to WW(lvlv)
2HDM WW(lvlv)
Combined of Mass
Higgs to Diphoton
Higgs to 4 leptons

ZH (invisible decays)
Higgs to dimuon

Higgs to Zgamma

ATLAS-CONF-2013-040

ATLAS-CONF-2013-034

ATLAS-CONF-2013-029

ATLAS-CONF-2013-031

ATLAS-CONF-2013-030

ATLAS-CONF-2013-027

ATLAS-CONF-2013-014

ATLAS-CONF-2013-012

ATLAS-CONF-2013-013

ATLAS-CONF-2013-011

ATLAS-CONF-2013-010

ATLAS-CONF-2013-009

up to 25 fb-1
up to 25 fb-1
21 fb-1
21 fb-1
25 fb-1
13 fb-1
up to 25 fb-1
25 fb-1
25 fb-1
18 fb-1
21 fb-1
25 fb-1

16/04/2013
14/03/2013
13/03/2013
11/03/2013
11/03/2013
11/03/2013
05/03/2013
05/03/2013
05/03/2013
05/03/2013
05/03/2013
05/03/2013

CMS

May-2013
May-2013
May-2013
May-2013
May-2013
Apr-2013
Mar-2013
Mar-2013
Mar-2013
Mar-2013
Mar-2013
Mar-2013
Mar-2013

Full 8 TeV dataset: VBF H, H -> bb

TWiki, PAS

Full 8 TeV dataset: ttH, H -> gamma gamma TWiki, PAS

Full 7+8 TeV dataset: VH, H -> bb

Full 8 TeV dataset: H -> WW -> InuJ

Full 7+8 TeV dataset: H -> ZZ -> 2I12nu
Moriond Higgs Combination

Full 7+8 TeV dataset: H -> gamma gamma
Full 7+8 TeV dataset: H -> Z2Z -> 4|

Full 7+8 TeV dataset: H -> WW -> 212nu
Full 7+8 TeV dataset: H -> tau tau

Full 7+8 TeV dataset: H -> Z gamma

Full 7+8 TeV dataset: H -> WWW -> 3I3nu
Full 7+8 TeV dataset: VH -> tau tau

0 Present a coherent view of present-day results of
Higgs properties from the LHC and Tevatron
experiments.

o Any omission or mistake are the speaker’s fault.
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&) Looking up to a new boson
R e

| Events /1.5 GeV

S/(S+B) Weighted

ATLAS 2011-12 V5=7-8TeV

, J" i 3 e

: . ‘ G*
oA AR
Al L ' - :

a.david@cern.ch  LHC Physics 2013



g Higgsdependence day recap
—o

[http://cern.ch/go/q8ix]
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& From the other side of the pond
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1 Combination of Tevatron VH—bb searches, in July 201 2:

0 2.8 0 local significance at m;=125 GeV.
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a1 A 2012 hit

//goo.gl/49

dimensions

symmetry==

home

departments ¥  science topics ¥  image bank pdf issues archives

e
=

2 "'fz,,,ga,w;'a; £ collisions

‘é 3 impkcatons < generation & combmed>. ,\g b,
C

0

| s
Lt gg'p;gggmu%

cosI ologlcal mode| Stand ar

hard 9%

accelerator-prodked h

20l
g Searchii=

ompactification G)symme m-s
neutrino === son chmeneWelectron ==
experiment supeinoyec
BServation=tv.o dlstnbutlonS§
thSICSai? aOS ée wac IOn £gauge ; ro_ken §
reyatids BIRCShiggs
'mﬁgj;';’“%ﬂ;E = S
%dmen;'c §§ 8-%
“08

signal to background
May 12, 2013

The top 40 physics hits of 2012

The Higgs boson is a popular subject among the most-cited physics papers of
2012, but a particle simulation manual takes the top spot.

[http:/ /goo.gl/sulzZ] [http://goo.g

2012 reports for eprints

1. 568 citations in 2012
Observation of a new particle in the search for the Standard Model Higgs boson with the
ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Jul 2012. 24 pp.
Published in Phys.Lett. B716 (2012) 1-29
CERN-PH-EP-2012-218
DOI: 10.1016/j.physletb.2012.08.020
e-Print: arXiv:1207.7214 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service; Link to all figures including auxiliary figures

2. 558 citations in 2012

Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Jul 2012.
Published in Phys.Lett. B716 (2012) 30-61
CMS-HIG-12-028, CERN-PH-EP-2012-220
DOI: 10.1016/j.physletb.2012.08.021
e-Print: a 07.7235 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to PRESSRELEASE

3. 433 citations in 2012

Combined results of searches for the standard model Higgs boson in $pp$ collisions at

$\sqrt{s}=7$ TeV

CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Feb 2012.

Published in Phys.Lett. B710 (2012) 26-48

CMS-HIG-11-032, CERN-PH-EP-2012-023

DOI: 10.1016/j.physletb.2012.02.064

e-Print: arXiv:1202.1488 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service

4. 381 citations in 2012
Combined search for the Standard Model Higgs boson using up to 4.9 fb$*{-1}$ of $pp$
collision data at $\sqrt{s}=7$ TeV with the ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Feb 2012. 8 pp.

Published in Phys.Lett. B710 (2012) 49-66
CERN-PH-EP-2012-019
DOI: 10.1016/j.physletb.2012.02.044
e-Print: arXiv:1202.1408 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to all figures including auxilia

figures
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Breakthrough of the Year, 2012

Every year, crowning one scientific achievement as Breakthrough of the Year is no
easy task, and 2012 was no exception. The year saw leaps and bounds in physics,
along with significant advances in genetics, engineering, and many other areas. In
keeping with tradition, Science’s editors and staff have selected a winner and nine
runners-up, as well as highlighting the year’s top news stories and areas to watch
in 2013.

FREE ACCESS

The Discovery of t ggs

Exotic particles made headlines again and again in
2012, making it no surprise that the breakthrough of
the year is a big physics finding: confirmation of the
existence of the Higgs boson. Hypothesized more
than 40 years ago, the elusive particle completes the
standard model of physics, and is arguably the key to
the explanation of how other fundamental particles
obtain mass. The only mystery that remains is
whether its discovery marks a new dawn for particle
physics or the final stretch of a field that has run its
course.

Read more about the Higgs boson he research teams at CERN.

Runners-Up

This year's runners-up for Breakthrough of the Year underscore feats in
engineering, genetics, and other fields that promise to change the course of
science.

Eggs from Stem Cells

Controlling Bionics Majorana Fermions
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Who Should Be TIME's Person of the Year 20127

Eilike [1.5k| |wTweet {538] R +1 = 20 [ share
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The nggs Bos

By Jeffrey Kluger | Mo ¢, Nov. 26, 2012
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Simulation of a Higgs-Boson decaying into four muons, CERN,
1990.

‘ 18 of 40 ‘

What do you think?

Should The Higgs Boson be TIME's Person of the
Year 20127

) Definitely () No Way
VOTE

Take a moment to thank this little particle for all the
work it does, because without it, you'd be just
inchoate energy without so much as a bit of mass.
What's more, the same would be true for the entire
universe. It was in the 1960s that Scottish physicist
Peter Higgs first posited the existence of a particle
that causes energy to make the jump to matter. But it
was not until last summer that a team of researchers
at Europe's Large Hadron Collider — Rolf Heuer,
Joseph Incandela and Fabiola Gianotti — atlast
sealed the deal and in so doing finally fully
confirmed Einstein's general theory of relativity. The
Higgs — as particles do — immediately decayed to
more-fundamental particles, but the scientists
would surely be happy to collect any honors or
awards in its stead.

Photos: Step inside the Large Hadron Collider.

WHO SHOULD BE TIME'S PERSON OF THE
YEAR 20127

Poll Results

PAST PERSONS OF THE YEAR

2010: Facebook's
Mark Zuckerberg

2009: Ben Bernanke 2008: Barack Obama

Most Read Most
Emailed

1 Who Should Be TIME's Person of the Year 20127

2 LIFE Behind the Picture: The Photo That Changed
the Face of AIDS

3 Nativity-Scene Battles: Score One for the Atheists

4 The $7 Cup of Starbucks: A Logical Extension of the
Coffee Chain's Long-Term Strategy
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The Higgs Boson

By Jeffrey Kluger | Monday, Nov. 26, 2012

What do you think?

Should The Higgs Boson be TIME's Person of the .
Year 20127 2011: The Protester 2010: Facebook's

) ) Mark Zuckerberg
() Definitely () No Way

]

researchers at Europe s Large Hadron Collider —
Rolf Heuer, Joseph Incandela and Fabiola Gianotti
— at last sealed the deal and in so doing finally fully
confirmed Einstein's general theory of relativity. The

Photos: Step inside the Large Hadron Collider.



Timeline of the results

2012

* ICHEP

*LHC 50 per experiment.
* HCP

* First properties.

2013

* Moriond

* Some full LHC
dataset updates.

* More properties

measurements.
* LHCP
* More full dataset
analyses.
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g 1he build up of a signal
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In’reres’ring H— Y Y comparisons
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Interesting H— Y ¥ comparisons
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Higgs mass
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Significance

Obs.
(pre-fit exp.)

6.60 740 250 -0.40 1.10
ATLAS (4.40) (4.10) (1.60) (1.00) (1.70)
124.3 GeV 126.8 GeV 125 GeV
670 3.90 3.90 200 2.80
CMS (7.10) (4.20) (5.60) (2.10) (2.7 0)
125.7 GeV

0 Combined p-values <10-2 are telling us to make
medsurements...
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= otatistics interlude
N I e

Test statistic Profiled? | Test statistic sampling
LEP no Bayesian-frequentist hybrid
_ L(datal|p,0,.) . . .
Tevatron | ¢ = —2 In e R yes Bayesian-frequentist hybrid
LHC gy = —2In ta'“ frequentist

o LEP: nuisances parameters ( 8 ) kept at nominal values (~).

o Tevatron: maximise likelihood against nuisances (1).
o Denominator considers background-only hypothesis (4 =0).

0 LHC: frequentist profiled likelihood.
2 Denominator considers global best-fit likelihood with
o Nice asymptotic properties, savings in computational power.
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g Measuring the mass
—
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Naive average: 125.6 10.4 GeV
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& Measuring the mass
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0 Combinations of the high-resolution channels.
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&) More on ATLAS mass

= r ATLAS Preliminary
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uncertainties: 1.80 (p=8%).
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Significance

Obs.
(pre-fit exp.)

U=15+0.4 U =1.6+0.3

~3.80 ~530 250 -0.40 1.10
ATLAS  ,50) (~330) (1.60) (1.00) (1.70)
125.5 GeV 125 GeV

6.7 0 3.90 3.90 200 280
CMS (7.10) (4.20) (5.60) (2.10) (27 0)

125.7 GeV

0 Combined p-values <10-2 are telling us to make
medsurements...
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Spin is so much more than a number
BT I

0 The spin-2 amplitude has many (higher-order) terms:

~3 ~o
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Spin is so much more than a number
26 | [arxiv:1208.4018)

01 The spin-2 amplitude has many (higher-order) terms:

AX = ViVh) = A~ [29‘2’t fr e g ‘”“*W W)
+W+W+M )] ’ 18)

0 Keep only dim-4 terms (g, = g5 # 0):

o Graviton-like “couplings” (27 ).
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= J': a simplified picture

\
7%

[arXiv:1208.4018]

0 Until there is enough data, perform pairwise hypothesis
tests against SMH (0¥).

0 Select models using simplifying assumptions on amplitudes:
O O (parity) “from” ZZ.
O 2% (graviton-like minimal couplings) also “from” WW and v 7.

scenario X = ZZ X—=WW X =y
0;, vs background 5.0 5.0 5.0
0, vs OFf 1.7 1.1 0.0
0f vs 0~ > 2.9 1.2 0.0
of vs 1t 1.9 2.0 -
0, vs 1~ 2.6 3.2 —~
0F vs 2F 1.5 > (238 2.4
0, vs 2, ~5 1.1 3.1
0 vs 2, ~5 2.5 3.1
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CERN
\

Parity: H—ZZ—4¢

[ATLAS-CONF-2013-013] [CMS-PAS-HIG-13-003]

$22F TR T @ 7 Ermse e
£ 20F [ Background 22" “ g S [ e data
W ob Ml Background Zsjets, & H-ZZ -4l o 6F — 0 m=126Gev E
Signal (m, = 125 GeV) b J7=0°, m, =126 GeV ]
16 —F=0"  (s=7TeV|Ldt=461" 5F Eﬁ;‘* 3
14 = {s=8TeV [Ldt=20.7 b E
12) af 4
10 of E
8| 1
8 - af g ]
: I‘h, £ 7
2 S
bkl o bt J‘ e i
0 0.10.20.3 0.4 0.5 0.6 0.7 0.8 0.9 0 0.10.2 0.3 04 0.5 0.6 0.7 0.8 0.8 1
JP-MELA Discriminant o
a CMS preliminary ys=7TeV,L=5.1fb" ys=8TeV,L=19.6 fb"
P e -
'~§ | ATLAS Preliminary —pata | 5 C'[ w0 7]
W0.25F H ZZ‘ ! — 4| Signal hypothesis -% o
. . . . F =7 Tev: fLdt=46m" m=125Gev) { & 0.08| — CMS data
0 Discriminants built from decay 02f Govfuacare  p g § .
. ° [ J -MELA v 1 3 S
r P | 0.06
angles and invariant masses. 0.15] AR
. . . . : 0.04
1 Profiled likelihood ratio test :
e o 05t 0.02
statistic. F
M M N -Q|5 ] .10 -5 = A 5 10 1.5 10 20 o
0 CLg criterion protects against L) Pt )

fluctuations from null
hypothesis.

CL,
P(obs.| 0%)
P(obs.|0Y)
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. Other JF in H—ZZ—4°¢

[ATLAS-CONF-2013-013] [CMS-PAS-HIG-13-003]

” OMSxx'lrmu l' 7TeV. 5 [ f' 8TeV,L= 156" ” ouswmlvm =7 sm‘I?I:a 9.6 15 ” olmcusw-wlwy Grncv,LI:uru'Glzu-v‘leum'
E T I: 1 E T l? 1 E 014 :-.jg:;(gu)
g 0.08 g 008 g o0.12f —CMS data
£ £ £
P p s » 03 R 0.6 e g o E % g 0.8
é ATLAS Preliminary —Data é ATLAS Preliminary —Data e ATLAS Preliminary —Data 0.04 0.04 0.06~ B
Wo.251 H -4l signal hypotnesis | 0251 H -4l Signal hypotnesis | 0.5 H - >4l Signal nypothesis 1 o0ak
fE=7Tev: Lar=asm’ (m, =125 GeV) fE=7Tov: fLat=a8m’ (m 5125 GeV) fE=7Tev: [Lat=a8m" (m =125 GeV) 0.02]- 0.02|- :
0.2} S a;'\élj}: 207" _th=[{._ 0.2 S BTM\é’]:x 207" _J:a:O»— 0.4 j’a'erE‘]-r:x 207" _.c)=0: i 0.02)
0.15 =0 “h 20 -0 0 10 20 30 20 -0 0 10 20 3
l | -2xIn(L, /L) 2xIn(L, /L)
01 S L' § c CMS proll fi=7Tev,L=51m fE=8Tev,L=1060"
S § 2 g4 8 QTR 2
0.05f- | \\\\ § 5§ o § o4
o Q\\\%\\\\ g o E g 0.14
5 0 5 0 65 10 15 3 o2 3 5 oo
log(L(HYL(H)) log(L(HL(H)) log(L{H,VL(H)) g 04 g g
i g o g o
0.08
0.08 0.06
0.04 0.04
0.02 - 0.02
J P-MELA anaI.YSiS % 20 10 o 120x il /L;)o % 2 0 o 0 (io /Lus)o 9%
tested J* for tested 0" for - Fuch - 3 b 0 T ops 7 CL
an assumed 0* an assumed J* | CLg J production | expect (4=1) | obs. obs. | s
— 0,
0" | po | 00011 | 0.0022 0.40 0.004 0{1*_ g8g —+ X 1.70 (1.80) 0.0c 1.70 8.1%
0,
1* [ po | 00031 | 0.0028 0.51 0006 | |2mgg | 88— X | 18s(190) | 080 | 270 | 15%

B

Po

0.0010

0.027

0.11

0.031

2+

Po

0.064

0.11

0.38

0.182

Po

0.0032

0.11

0.08

\

0.116

/

g9 = X
g9 = X
g9 = X

1.70 (1.90)

2.80 (3.10)
2.30 (2.60)

1.80
1.40
1.70

400
>4.00

>4.00

<0.1%
<0.1%
<0.1%

/

S~———

ATLAS o

<18.2%

CL, for J%0 <1.5%
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+
ATLAS focus on 2

[ATLAS-CONF-2013-040]

= ——— 1T ——— 1T = ——— T
Ea ATLAS Preliminary ] [ ATLAS Preliminary eData Spin 0] T ATLAS Preliminary = = L R B R T
< H—ZZ* > 4l *Data  Spin 0 [ H— WW* evpv/pvev Signal hypothesis [ 10| . H—-yy *Data  Spin 03 = r ATLAS Preliminar
e _ MLdt = - Signal hypothesis [ 15 [ \se . _ 1 L =0 [Hoo ] e 1 Signal hypothesis [l ~ 40~ y
T \s=7TeV: [Lat=46fb"  Signal hyp =N [\s=8TeV:[Ldt=20715"  oJ ] T \s=8TeV: [Ldt=20.7 fi"  Signal hyp = = s
= _ . _ . " 26 ] F . R = " 20 = o ® Data in 2
£ L Vs-8TeV: [Lat-=207" o7 -0 ] F o =2 g 5 0Jj =0 ;o L HoZZ" > 4l P
L BDT analysis P _ ot = P = ot F v -
y o =2 eJy =2 g [ Vs=7TeV:[Ldt=46fo" Signal hypothesis . To
N~—" . -1
- 8—, 307\s=8TeV4ILdt=20.7lb . D2°
+ +
L H—yy L4 JH0 =0
- [ Vs=8TeV: [Ldt=2071b"
F o =2°

20H — WW* — evuv/uvev M
[ Vs=8TeV: [Ldt=20.7 1b"

A R B
25 50 75 100

f o [%] 10

A )
T [%]

-—

-

P

—__.______.____———‘.—
° _r\ 1O4§ T T T I T T T T T T T T ; :
] Comblned H—)ZZ, < 103;ATLAS Preliminary ] o
e E Ho 2z 4l
WW d RIS St v 1
’ qn Y Y * © 103_H—>YY CL, expected _E
E e T2 ocuming o = 0 0 25 50 75 100
- T oravta o E
0 Scan for fraction of o e
— ]
(99/qq)—27,: R
m 10°€ =7 N80 ]
‘; )
0CL <0.06% V =  wl
qq 10_5é_ _g.
10—6: PR R R S N N T [ ]
0 25 50 75 100

g [%
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= QOversimplified big picture
P g p
T

T — Tevatron; A — ATLAS; C — CMS; recent results in red.

o
|
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o
o

E
1

:::
()]
(1]

'm

x

H—TT
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H—ZZ

H—TYY

H—ZYy

H—inv.

H—u u

H—cc

H—HH

TIA|C T|A|C T|A|C T|A|C T|A[C T|A|C T|A|C T|A[C T|A|C

ggH
VBF ¥
VH B2 aR

Q-

* K Kk

* K Kk

* *

*

* K Kk

*x *

* *

* Kk Kk

* x

*

* Kk k| -

* | -

* x| -

3| -

w X - %

0 Still much to explore on the rarer ends.
(to the right and to the bottom)
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¥ VBF, H—bb

m [CMS-PAS-HIG-13-011]

CMS Preliminary Vs =8 TeV
< E T T T T T T
e E Presel. & Trigger
o 105k o Data (19.0 ")
; [EacD (x 131)
€ 10 [Jz+jets
g O
3L Msingle top
w 10 E [ Weets
5 J—VBF H(125)-> bb
10° g H—GFH(125)> b5
10 3 %
CAT4 ]
1 _ S 200 + e Data -
1) 2 } 2} —— Background-only Fit -
= 15 Y] [DFits 1o R
S [T bt < 150 CJFit=20 e
g 05 5 . 5 X X ‘ ‘ T‘ - _‘g [ Signal (125 GeV) x 10 ]
° -04 -0.2 0 02 04 06 08 1 1.2 [ 100
ANN Output o
50 1
0 Neural network event g T

Data-Fit

classifier. o

P R RSP E RN BN BRI RN BRI B
80 100 120 140 160 180 200 220 240

. . M,, (GeV)

0 Simultaneous m, ¢ fits o P R
to 4 ANN i F ool CMTmmy =otem
o CCﬂ'egorleS. 5 - Li?g.o‘:b" ..... CL:H125Injected ]

& 10~ VBF H-> bb -gll:sgxpectedzm =

E - s Expected= 20 .

o 8 =

0 At my=125 GeV, 2 6 E
(95%CL), obs.(exp.) or 3 of -

u =0.7 1.4, T R P - RT3

Higgs Mass (GeV)
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- Ralamdeks
“ [ATLAS-CONF-2013-010]

01 Probe coupling to
second-generation
fermions.

T T T T T
6 imi - Data %% SM (stat)
10°s ATLAS Preliminary I Sngio Top B Vel
oo f ts=8Tev. [Ldt=20716" @0 ww O«
. B wzzzwy [l Z-jets
H-u*w”  Non-central (] H+[125 GeV]

T T T T T
i i -@- Dat: %% SM (stat)
s ATLAS Preliminary e tos I
\s=8TeV,|Ldt=2071" @ ww O«

10*E Hop'w  Central

10

1

Events / GeV
Events / GeV

1 Clean final state.
- BR < 10" in the

Data/ SM
= o

L
Data/ SM

n<9.8(8.2) o
(95%CL), obs.(exp.). 10

0 PRI T ol e ol o e o ke ok el Bl e T o e e el e e K o ke e B ok e e B o ek IV
110 115 120 125 130 135 140 145 150

my [GeV]

= O T A Braiminany T T

search range. 5 Y Houie :

E %0F Qbserved E

= g. xpece _ -1 .

g 500 EE+1o JLdt_20.7fb E

2 LJ+20 \s =8 TeV .

7o) 40 ]

- )] ]

0 At my=125 GeV, . E

IIII|IIII|IIII|IIII|IIII|IIIIIIIII

1
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V/"5(1"|'H,H—)’}”}’

[CMS-PAS-HIG-13-015]

CMS Preliminary Vs = 8TeV L = 19.6fb ™ CMS Preliminary Vs = 8TeV L = 19.6fb
% 8; ttH(—yy) hadronic channel —4 Data % 4 5; ttH(—7Y) leptonic channel —4 Data
f_” E — Bkg Model (2 “F — Bkg Model
1\3 7? ERS ?'9 45_ [ERS
g e 535~ ez
& 6 []1xsmm, =125Gev o r []1xsmm, =125 Gev
£ 3=
5 £
F 2.5
4— E
C 2
3F E
C 1.5 —
1 0.50
[ ] LTI A ———— e e e e e e
100 120 140 160 180 100 120 140 160 180
m,, (GeV) m,, (GeV)
. ° ° 30 CMS Preliminary {s=8 TeV L=19.6 fb”
D qgglngo eptonlc qn q ronlc % :||||!|‘I_I_|—!'||||!||||!||||||||||||||||
Observed

/o(H-vY)
N
(4]

I |

W decays from top (anti-)quarks. T

- .| - Expected + 26

95%CL
N
o
|

-
o
T T T T T T TTT

o(H=77),,
—
a

0 At my=125 GeV, U < 5.4 (5.3)
(95%CL), obs.(exp.).

5

11 11

Y0 115 120 125 130 135 140 145 150
m,, (GeV)
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& Y H—Zy =LY

[ATLAS-CONF-2013-009] [CMS-PAS-HIG-13-006]

w N CMS Preliminary H—2Zy

z > FT T T L L L L ) L ™ = — _ =]
) L ) " & 350 ATLAS Preliminary E 1600 F- (8=7TeV,L=5.01
AAAAAAAAAAAAAAAAAAAAAAAAAA f E so0l Data 2012 —f o - Eloctron + muon channels
e ! 5 F . . ~e— Data
Lﬁ 250  tINM, T H-2Zy (m, =125 GeV, GSMXZO): S 1200~ —— Background Model
. - [} = " _
w z F ] S 1000 —— Signal m =125 GeV x 100
" 200~ = N E =10
"""""""""""""" v E 3 3 s0[- [)-20
w LAV~ 150__ - 5 r
v E = o soE
100F + 3 -
E ‘ 1 ] 400
L d . d 505 Vs =8TeV, ILdt=20.7fb s Z—up
D Oo p - I I Ie I q te F e 8393 events 3 200;
et~ L P e iy L Ly Loy 1] F A ) , X )
G25 30 35 40 45 50 55 60 fo0 110 120 130 140 150 160 170 180

deCdy: sensitive Am [GeV] m,, (GeV)

N ' | T I Obeerved 5 F T Gy T
0 Ldt=4.6f0" {s=7 TeV E ted = E iy P S B —— Observed
o ° T 07 o xpecte E M 35k Vs-=7TeV-L=50fb ) - Median Expected
% o2 e tis = é 30:\ fs=8TeVL=196 b -Expectedzlc =
’E\ + 26 E .::_} . \ Electron + muen channels Expected £ 20 >
S = 9]
] '\T‘ ATLAS Preliminary 3 g
(o) andlyses on : =
° E 24
c | m
2 g ¥
full 7 and 8 TeV : ] N
-
(@] -
R SE
[Te) [~
dqtq Sets' ? ' ?2-0”'125”"130"'135"140"145"'150
125 130 135 140 145 150
my [GeV] my (GCV)

Obs. (exp.) ATLAS _oms

U at 125 GeV (95% CL) < 18.2 (13.5) <9(12)
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= QOversimplified big picture
P g p
N

T — Tevatron; A — ATLAS; C — CMS; combination drivers in re

o
|
o
(o

)
2
F
x

)

=
(")
(2]
o
o

E
1

:::
()]
(1]

'm

x

H—TT

d.

H—WW

H—ZZ

H—TYY

H—ZYy

H—inv.

H—u u

H—cc

H—HH

TIA|C T|A|C T|A|C T|A|C T|A[C T|A|C T|A|C T|A[C T|A|C

ggH
VBF ¥
VH B2 2R

Q-

* K Kk

* K ok

* *

*

* K Kk

*x *

* *

* Kk Kk

* X

*

* k k| -

* | -

* x| -

| -

Y X - %

0 Still much to explore on the rarer ends.
(to the right and to the bottom)
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. Relative signal strengths

[arXiv:1303.6346] [ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

T T T Vs=7TeV,L<5.1fb"' {s=8TeV,L<19.6fb"
ATLAS Prellmlnary | Mh=1255GeV Combined CMS Preliminary m,, = 125.7 GeV
Tevatron Run I, L, <10 fb” W.Z H — bb i w=080%0.14| p_ — 065
m, =125 GeV/c® b ot ——
H— bb
i % C.L. H— 1t :
[ Combined (68% C.L.) o iow ; n=1.15+0.62
—l- Single channel Vs =8 TeV: det 13ﬂ=‘
Howw S iy ; Ho 1t
H-ovyy + ] | ooy m 2071 — u=1.10£041
H— vy : "
Ho W'W e lin e L R AT
Hozz" > 4l :
Ho 17 i e Ho WW
: W=0.68+0.20
_ Combined u=130%0.20 :
VH—-> Vbb [ \s=7TeV: [Ldt=46-48" | o
\s=8TeV: JLdt = 13-20.7 fb" H—ZZ
o | | | | | ; | w=0.92+0.28
_ [P B B
0 2 3 4Bs t?=|t7 SBrg/S:\(/)I 10 4 o : I T Ry
est Fit (o x Br) Signal strength (i) Best fit o/o,,
my 125 GeV 125.5 GeV 125.7 GeV
o/0g,

Naive average: 0.98 £0.11
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CMS: channel compatibility
-

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

Combined .
u=080+0.14| CMS Preliminary m,=125.7 GeV

H— bb (VH tag) | p,,=0.94

H — bb (ttH tag)

H — vy (untagged)
H— vy (VBF tag)

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

H— vy (VHtag) Combined CMS Preliminary m,, = 125.7 GeV
H — WW (0/1 jet) u=0.80+0.14 pSM =0.65
H— WW (VBF tag)
H — bb
H— WW (VH tag) n=1.15+062
H— tt (0/1 jet)
H — 7t (VBF tag) H- 1t r 1 1
=1.10£0. - A Vs :
H —s 1t (VH tag) u=1.10+0.41 Vs=7TeV,L<51fb"' \s=8TeV,L<19.6b
H— ZZ (0/1 jet) H o vy Combined CMS Preliminary m, = 125.7 GeV
. u=080+0.14| Pg, =052
H— ZZ (2 jets) | w=077+0.27
v Best fit /o
est 1it o/c H—> WW Untagged
SM gge
n=068+020 W=0.78+0.16
H-ZZ
1n=0.92+028 VBF tagged
PR Low v b n buw s n=1.02+0.34
0 0.5 1.5 2 25
Best fit o/o,,
VH tagged
n=1.02+0.49
ttH tagged
n=-0.15+2.86
PR ST NN SR SRR SRS RS N S S

-4 2 2 4
Best fit O'/O'SM
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&) Production mechanisms

[ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

6 CMS Preliminary {s=7TeV,L<5.1fb' {s=8TeV,L<19.6fb"
1 T 1 1 I 1 1 1] 1 I lllllllll

T
> + Ho1
T
g + H->WW
E llllllllllllllll I L I LI | TT1 17T I T T 17T I T T 17T I L 1 | + H _) ZZ
p 10 ATLAS Prelimi E
% - AN reliminary 7 al- 4 H-bb
v 8l s=7TeV: [Ldt=4.648f" _ i + Hoyy
- N Is=8TeV: |Ldt=13-20.7fo" ]
> | _ -
e 61— -
g = —H->yy + Standard Model — e
= N . —H-2zZ" 54 X Bestfit ] — o o
41 <% —Howw” v —68%CL _ 2 —
- \ -- 95% CL . i
2 " _ == i
ol ] + —
B . o+ —
2k el =
- m,=1255Gev. n N
_4 _l 11 1 I L1 1 I Ll 1 1 I | I - I | - I 11 1 1 I Ll 1 1 I 11 1 1 l | I - I 11 l— I 1 1 1 | 1 1 |
-2 1 0 1 2 3 4 5 6 7 8 -1 0 1 2 3
lVngF+ttH x B/BSM uggH,ttH

0 Scale fermion-mediated (ggH & ttH) and
vector-boson-mediated (VBF & VH) together.
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&) Production mechanisms

[ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

CMS Prellmlnary |S 7TeV L< 51fb" \s=8TeV,L<196fb"

1 T LI L L L L L L L N S SN S S S SN SN S S S S S —
— 0 | I "= Combined
£ ot — H-o11
< T e < _ — Howw
c 14 ATLAS Prellmmary 71 N 8 — H->2Z
o - ’ 7! : —How |
Yoob Vs=7TeV: |Ldt=4.6-4.8 b - vt =
N Is=8TeV: [Ldt=13-20.7 fo" 1 : :
10:— m,, = 125.5 GeV —: 65_ _:
8 :_ — combined —H-yy _: S ; _;
- --- SMexpected —H — 77" — 4 » .
C —H o ww S viv % 4 =
6 n —H-omw ] A ]
- 2 3f E
QI AN e — - .
N . 2r E
N N — = 1 ;
0 m o= = 0 k I —
05 0 05 1 15 2 25 3 35 0 1 2 3 4 5 &6
/
Hugrovn M ggF+ttH lJ'VBF,VH l'lggH,t'rH

0 Ratio of production scaling factors does not depend on
decay mode.

0 Combined > 30 evidence for U \geyy [ U ooy un = O-
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Scalar coupling structure

Ga uge sector

Mixed
sector

\,

Down type
Loops (Y, g) are

sensitive to BSM
contributions.

Quark loop
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Interim scalar coupling deviations

framework
N

Production modes Detectable decay modes Currently undetectable decay modes
2 _
OggH { Kg(‘(ba Kt, mH) PWW(') . K2 Ptt _ K2
SM_ SM = *w SM T Tt
o K T
ggH g Fww(-) Ptt
OVBF 2
— = K Kw, Kz, m | - r .
5™ vBE(KW, Kz, M) 22) 2 —EE see Section 3.1.2
VBF PSM Z I‘SM
OWH _ 9 zz*) o8
OSM = Kw T.- Fcé 2
WH bb 9 SM = K
O7H B 9 PSM = Kp cc
W R KZ bb P —
OzH . —— = K
. Tt 2 I‘SM o b
ttH o s K ss
ol = g 'SM
SM t vt r '
o “u
ttH 5 R Kg
Fyy . { KE(Kb’KtaKnKWamH) I‘SIXI "
SM e
Iy 5
2 Total width
PZY . ngY) (Kb) Kt Ky KW,y mH) 2
'SM - K 'y Ki (Kz' , mH)
Zy (Zy) SM = 2
PH Kg

1 Narrow-width approximation: (O XBR) =0 - [ /[
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Interim scalar coupling deviations

c{RW

2 framework

“ [arXiv:1209.0040]

Production modes

OggH
SM
TggH
OVBF

oSM
" IVBF

l<2(Kh: K, mH)
o
g

K%BF("W; KZ, mH)

OWH
SM
OWH
OZH
SM
OzH
OitH
SM

OitH

Detectable decay modes Currently undetectable decay modes
sM - Kw — = K
Fww{-) I‘f%w
gzt I
:ﬁ{ : K7 Iﬁ;ﬁ see Section 3.1.2
Pzzi-) .
PbE - 2
SM — ®b
PbB
)
T T . 2
FSE/H = K
h — { Kz(ﬁb;Kt:Km;Kw,mH)
o K
IS ngﬂ (K Kt Koy K, 721 ) Total width 2
v I'n K37 (ki, my)
N ja ST Sl
I8 KH

0 Contributions resolved at NLO QCD and LO EWK.
0 Peg the unmeasured to “closest of kin”.
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@ Probing custodial symmetry
I

Probing custodial symmetry assuming no invisible or undetectable widths

[Free parameters: kz, Awz(= kw /xz), k(= ke =k, = K:).]

H— vy ‘ H— Z2zZ™ H—- WWH H—-bb | Horth
ggH k2 (xe,xp,Ke Kz Az ) xZxZ x2-(xzhwz)? xFx?
ttH x; (xi) %2 (i) 2 (%i) T AC))
VBF Kypr(%z%zhwz ) (% ,%6,Ks Kz Awz) %y pr (Xz,%zAwz ) X7 k2 (X2 Kz hwz)- (xzhwz)? svpr(%z,XzAwz) xf
Kf{ (xi) "%{ (xi) KE{ (xi) K,%] (x:)
WH (xzsz)z-xggm XKf,51 Kz Awz ) (xzhwz)* x5 (Kzlwz):'(\(zlwz)z (kzhwz )2 X2
xig (xi) xip (xi) wig (i) Kz (%i)
ZH X% Xy (K¢ Kr X5 XzAwz) Xy Xy xz-(xzhwz)? KK
x%{ (xi) KQH (xi) KH! (i) K§H (i)
Probing custodial symmetry without assumptions on the total width
| [Free parameters: kzz(= xz - kz/xu), Awz (= xw /xz), Arz(= xr /xz). _
H— vy 1 22% H—-> WWH Hobb | Hotth
H
gt%H X5zMpz - %5 (Apz, Mrz, Pz, Mwz) X570z %Gz - Myz Koz hiz Moy
VBF | x5, %0pr(L Myz) - 5 (Arz, Az, Mz Awz) | x55%0p(1 Myz) | %22%0mr(1 Myz) - Myz | X22%0sr (1 Myz) - Mg
WH K7z Mvz - & (M2, Apz, AFz, Awz) K7 Myz K7z Mz - Myz KzzMvz Mg
ZH 77 - & (Arz, Apz, Apz, Awz) K77 77 - Myz K57 " Mg
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. Probing custodial symmetry

[arXiv:1303.6346] [ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

CMS Preliminary s =7TeV,L<5.1fb"' s=8TeV,L<19.6fb"
50— T T e

4 55 }"WZ’ Kz, K¢ — Observed
: ---- Exp. for SM H

UL RRRES|
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-2AInL

[ e Best Fit Tevatron Run I, Lint <10fb
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L [ 95%C.L.
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'

H '

' I
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-21In Ao‘wz)
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1.0F
0.5}

; ; * * * I IlIIlIIIIIIlIIII ‘I\(I'IIIIIIIIIIIIIIIII
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tan”'( K 2/ Kw) = eWz | | | ;‘wz }\'WZ
Tevatron ATLAS

A OO N 00 ©

0.5

Posterior probability density
I T

- N W

i
e e b b e b B el T T

2
~
o
»
o
[e¢]
-
-
N
-
~
-
»
(@)

I:ch’ KZ’ Kf] I:)'WZ'A'FZ’ KZZ] I:)'WZ’ KZ’ Kf]
Ay 1.24+234 [0.64, 0.87] 0.86 +0.13
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= Weak bosons and fermions

[arXiv:1209.0040]

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: xy (= xw = kz),%¢(= ks = Kp = K¢).

H — yy H—ZZ® | H->WW® |[Hobb | Hovth
ggH K?"‘Yz (Kfaxf JKf 9KV) Kfz'x\z/ K?-K?
ttH "121 (x:) "'121 (x3) “}21 (x:)
\\IR?I'PI: K2 k2 (kg Kg Ke Ky ) % «%, K%, «?
7 K% (i) x (xi) K (xi)
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. Weak bosons and fermions

T 11

_|II|||II||III||III||III

~  Tevatron Run I, le <10fb"
e |ocal maxima A SM
| Mes%c.L. [ JeswclL.
4+
i Apz=1
2 (—
F A
0 —
2+
4 -
1 1 1 1 | 1 1 11 I 1 1 1 1 I - 1 1
0 0.5 1 1.5 z
Ky

ATLAS ____ams

<10

P(SM) -

ATLAS Preliminary + SM
- (s=7TeV,[Ldt=46-48f" X Bestfit

Is=8TeV, [Ldt= 13207 " — 68% CL
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'~

\
'IIIIIIII|IIII|I|II|IIII|IIII'
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&) Weak bosons and fermions

[ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

CMS Preliminary Vs =7TeV, L<5.1 fb” is=8TeV, L< 1960’
4 o . 0 SM nggs Q Fermlophoblc o Bkg. only
L I I I L R T Cre g ]
* - ATLAS Prellmmary = Iﬂ : Itl)ltl) *'n : SN ] 2r
g V8= TeV, JLat= 4648fb‘1 #3H vy Elcombined ] i
- \s=8TeV,[Ldt=1320.7 f + SM x Best Fit i
- = . T
- OI:;L
-1
e e — - = = =
----i----i ----- §:|||||1||||111||||||/||111111| :
06 07 08 09 1 11 12 13 14 15 16 2 .
Ky 0
ATLAS __ams
P(SM) 8% <10
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Looking for new particles

n [arXiv:1209.0040]

1.2

Probing loop structure @assuming no invisible|or undetectable widths
Free parameters: xg, X, .

H — yy H—2Z% |H->WW® |H—-bb | H—ottt
Kg Ky Xz
ggH K (ki) K7 (ki)
ttH
VBF K2 1
WH Kit (Ki) LT (ki)
ZH

Probing loop structure allowing for invisible or undetectable widths
Free parameters: xg, ,, BRinv. undet.-

H — yy H—-ZZ% |[H->WW® |[H-bb | H—otth
ggH K'!21 (Ki)/(l—BRinv.,undet.) K'Izl (Ki)/(l—BRinv.,undet.)
ttH
VBF K7 ' 1
WH K']zl (Ki)/(l_BRinv.,undet.) xlzl (Ki)/(l_BRinv.,undet.)
ZH

2 SM
k=T /T5
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5] Looking for new particles in loops

[ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

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

2.0"""'”llllllllllllllllll||||||1||

Q’ E K'Y,I](g | [ E

1.8 .

2 ke T T 18] —;
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1.8F -+ 95% CL E 12 . — -

- ] S TS ’

= = e - =

16f : 1.0} ( ~ o :
1.4 —] - - =
1.2 = 0'8: --------- NS ) .

| - = 06:— ............... ,\ ~N—— e — . _:

e E S .

0.8;— _; 0.4:— -
0.6F = 0.2 -
:I""I' Lo Lo b Lo b Lo b -_' 0 :||||111|||||||||||||||||||||||||||||||1:
0.9 1 11 12 13 14 15 16 1.7 18 0.0 05 1.0 15 20

K, K‘Y

ATLAS M
+0.16
K, 1.23 +o16 0.97 £0.18
K, 1.08 +£0.14 0.83 £0.11
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&) Looking for new particles

“ [ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

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

o 45 2 K’Y’ 1(g’ BRBSM — Observed E
N RN = -—--Exp. for SMH [
S = T REREE | | | | T 7 o 4.0F ]
o = ATLAS Preliminary [i€,k4:B, ] E | = + =
< E (s=7TeV,|Ldt=4.6-48f"  — Opserved - 3.5F -
o 8 - |s=8TeV, |Ldt=13-20.7fb" -- SM expected E - p ]
7 = 3.05— / _E
6E = 2.5F -
SF E 2.0F 3
2 = 2
e 1 o5 J :
OZIH o SR SN R IPAVITIN I PO . 00: -I‘I'I’I’I’II'I EEREERI SNEEE III|IIIIIIIlIlIIIlIl|l|:
0 01 02 03 04 05 06 0.7 08 0.9 0 0.2 0.4 0.6 0.8 1
B BRgswm

ATLAS . ams

BR < 0.6 (95% CL) < 0.52 (95% CL)
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& ZH— L +invisible

m [ATLAS-CONF-2013-01 1]

DB 2o T o L B B e S o 0 o o o o B EE R B
[ w

g g [ ATLAS Preliminary (s=8 TeV ® Data _[L 13.0"

@ ® 4o Pl "z " wz .
2 ® C I H Top ]
S S nzz B
> > r . |
X8| w 30— * Signal (SM ZH, m =125 GeV) —

0 MET > 90 GeV.

0 2D sideband on: e o
O | MET-p, 4| /p,*
o A o(MET, p_’_l_miss. )

0 Not yet sensitive to

standard candle: 10
Z H _)ZZZ_) 2‘64 y ATLAS Preliminary

= Ai m _] 25 Gev \s=7TZeI\.|leII_(Lr:‘=IZL7fb"
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A further take on loops

CMS Preliminary {s =7 TeV, L<51fb Vs =8TeV, L<196fb

1 Resolve the H—)'}’ ’}’, j,‘ 6](7’1('9:1(27[ e A RRRREEE Y :
H—ZY, and ggH s. E
|OOpS.

4 .
s /--\ ]
3l / \ -
i / ]
- / \\ i
d / ]
2: / \ ]
- [ \l i
3 1 E
t | o1 :
: l | :
OrllllllllllllllllllillIllllIIlIlllIlllll—
0.0 0.5 1.0 1.5 2.0

K,
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5] Probing the fermion sector

“ [arXiv:1209.0040]

2HDM

u-type

d-type

lepton

COS &

COS &

COS &

— Sin o

— Sin &

COS
COS &

Sin

SM-like

Probing(up-type and down-type fermion symmetry|assuming no invisible or undetectable widths

Free parameters: kv (= kz = kw ), Aau(= Ka /%), Ku (= K2 ).

H — yy H—ZZ® |[Ho>WW® [H—-bb | Hotth
H Kg (Ku)‘dn ,Ku)'x;z(xu)"du »Ku 7Ku}"du’KV) Ké (Ku)"duﬂ(u)"‘f/ Kg(xu)‘duy‘(u)‘(xu;\du)z
gg K’fl (ki) K (ki) k(%)
ttH K?;'K?("u)‘-du KuyKuhduKy) fo"‘f/ KE “(Kurau)?
x’fl (ki) x?l (x:) ki (xi)
YRTBI-I; K%.KYg(KuAd'u KuKuhrdy,KV) K%"K%/ K%'('Kukdu )2
7H "121 (x:) x?l (x:) K (xi)

Probing[quark and lepton fermion symmetry)assuming no invisible or undetectable widths

Free parameters: kv (= xz = xw ), Mg (= x1/Kq), kKq(= k: = x1).

H — vy H—ZZ® |H—->WW® | H— bb H—
ggH x2 k7 (Kq,Kq,Kahq,KV) k2« k2-x2 x2-(xqhiq)?
ttH )] K (x:) xip (ki) xi (x:)
\\;?Ig K3 k7 (Kq Kq,Ka g K V) K K {3 K3 -(kahig)?

7H i (i) xip (xi) xiy (x:) xfy (xi)
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& Probing the fermion sector

“ [CMS-PAS-HIG-13-005]

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

CMSPrellmmary {s=7TeV, L<51fb Vs=8TeV,L<19.6fb"

—1 9.0 AR LRARRR pamRmanan [T ] 1 9.0y T T L ]
< 450 A Koo Ky —Observed |’ E 45l Mgy Kop Ky f—Observed ]
:1] 4.0; --Exp;forSMH 1 :1] 4.0; ---- Exp. for SM H _
T A R
3.0/ - 30 | i E
P AU Y I
1.0f " 1.0f A
0.5F | - 0.5F A\ =
L T e B e
Mgy Mg

CMS

[0.74, 1.95] (95% CL)

[0.57, 2.05] (95% CL)
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&) Summary of scalar couplings tests

“ [ATLAS-CONF-2013-034] [CMS-PAS-HIG-13-005]

ATLAS Preliminary \s=7TeV, [Ldt = 4.6-4.8 fb" {s=7TeV,L<51fb' Vs=8TeV,L<196fb"
Nt 1o + 20 's=8TeV, |Ldt = 13-20.7 fb” .
T i ! ° J — . CMS Preliminary ¥ 68% CL
kv ; == 95% CL
g I D A | Ky e
g '
*'
Kf : Py = 0.37
-
EF A e ————— Pgy = 0-41
= N '*
8.4 }\‘du " p_ =0.39
o Il SM
EE """""""""""""""""""""""""" y T — ——s- gy
'*
A S Pey = 0-49
oy Ky T
g« '
+
,, R o Py =023
8% BR p.. =0.41
S BSMT—— =0.
E 542” 1 1 1 1 I 1 1 1 1 I 1 | 1 1 I 1 1 1 1 lS’\l/| 1 1 1
0 0.5 1 1.5 2 2.5
m, = 125.5 GeV parameter value parameter value
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1 Assume custodial
symmetry (K=K =
K ).

11 Loops treated
effectively (K, K ).

0 Option to allow BSM

decays, forcing K, < 1.

(14 79 Le 79
5] C6’” vs “resolved Cb
A

Generic coupling fit

1 Keep W and Z
separate.

0 Loops assuming SM
structure:

O K, (K K
O Ky (Kw Ky Ko
K ).
0 Only SM-like decays.
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s=7TeV,L<511" {s=8TeV,L<19.6f"

CMS Preliminary " 68% CL
== 95% CL

__________.___.____-________

0 05 1 15 2 25 3
parameter value

Is=7TeV.L<51fb' ys=8TeV.L<19.6fb"

- 68% CL
= 95% CL

CMS Preliminary

|
2 25 3 35 445 5
parameter value

= CO” vs “resolved C6”

LHC Physics 2013
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& Resolving SM contributions
R I

CMS Prellmmary Is=7TeV,L<51fb" ys=8TeV, L<196fb

o Individual coupling o - — T T
scaling factors: — -

nfcgfc Ko K, K, Q[ |Te8RCL 1

W o YT S gL |—es%eL t

o All loops resolved: ~ 2 R

— - Z .0

=K (K K o W ]

K (K, Ky < - ) T

0 SMH width scaled. I i}

107E i

5 P(SM)=0.52. : I :

O “Red.uced” goupli’r’lgs as L x —t— i
function of “mass”: ) || ——

o A= K. (m;/vev) 10 : ,f" -

o (g /2vev)1/2 K2 £ S e

mV/Vev I 1 | | lII 1 11 1 I‘:alralmetervalue |

1 2 345 10 20 100 200

mass (GeV)
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& MSSM (R.Contino)

m [http://cern.ch/go/W96V]
= Shifts to tree-level couplings due to mixing with heavier Higgs

cy =sin(f—a) c= cos e cp = — sin o h®\  [cosa —sina) (ReH;,
v ‘ sin 5 b CcOS ,3 H°|] \sina cosa Re Hg
T \ / .

if ¢t > 1then cp <1 tanﬁ:a
cy always reduced and viceversa

Yukawa Couplings: General Type—II 2HDM

30F° :
"Up—Suppressed" : : Shaded:
| —— General
Only two regions in the (¢t ¢) plane 251 ~ | A - $§>;5 .
s M EETEE >
accessible in a generic Type-Il 2HDM : : :
201 W | Foreei B R RRE y
15t ) N NS S N—
Down-Suppressed region almost not o N
accessible in the MSSM for tan 3 > 1 LN
: H \
05w e H \\‘ "Down—Suppressed" 8
\
1
. . 1
00F, i : Y i . &
see: Azatov, Chang, Craig, Galloway PRD 86 (2012) 075033 00 05 10 L5 20 25 30

Ct
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& MSSM (R.Contino)

n [http://cern.ch/go/W96V]

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

LANLBNLENLNL B U L | rrrrrr oot T

Ku 1.4F Ay . the current fit by CMS seems to favor the
1~ MSSM region, though errors are large
1'2__ Down- £ N
[ Suppressed . g ] .
1.0 77 It would be nice to see the same plot by
L i " Up-Suppressed | . .
osl - ] ATLAS and even nicer to see plot in the
I . \ i plane (Ky, Kd)
0-6:_ ------------- —:
0.4 : , :
0.2 5 % SSUUUR WRNNS OO SRS SR (s S
L ] . Up-Suppressed ' 5 :
oo_l PRI A T T S S T M S S S S T S A |— [TprH]
0 1 2 3 D
)\du - Kld/K/u 10
Cb
68,95,99% CL : :
. . . e .3 — [ HC : :
For the impatient ones here is a theorist’s 05t - o/ Tevaron| M. ) ]g;gs—ed .......
combination of ATLAS+CMS+Tevatron: Best Fits (LHO) [Typell |
@ Global 3 E
* TypeIl
from: Azatov, Galloway Int. J. Mod. Phys. A28 (2013) 1330004 00} ; ; : : ; ; ;
0.0 0.2 04 0.6 0.8 1.0 12 14
) s
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& MSSM (R.Contino)

n [http://cern.ch/go/W96V]

" Implications on the masses of the heavier Higgses

a— f—m/2

In the decoupling limit:

ey =1 @ +0(A%)
f

starts at O(mp*)

cp most sensitive probe of
spectrum of Heavy Higgses

Notice:

masses of Heavy Higgses are not
linked to naturalness of m, anyway

Ctzl—At

1

T + 0(A?)

Cb=1—|—A-|-O(A2)

gy

>0.1 =) mpg > 300—400GeV

Co

Lighter masses (up to my ~200 GeV) however
simple to obtain in explicit models (ex: NMSSM)
with mild tuning of A

see for example: Barbieri et al. arXiv:1304.3670
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& MSSM (R.Contino)

[http://cern.ch/go/W96V]
w Shifts to loop-induced couplings due to squarks

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

o 2.0 rEY e TTeV =51 Yo B TeN Le 100t
o L L L B o o * C Ky, K -1/3 ]
< ,F ATLAS Prelminary ~ +sm - 1.8 LA :
Eis=7TeV,JLdt=46-481f" x Bestfit E 16k E
2 (s =8TeV, |Ldt = 13-20.7 fo" — 68% CL - -
1.8 ---- 95% CL = 1.4F R
1.6;— —; 1.2 e P2 _
1.4F - :_ ............ T _
- 3 1'0:'"' // N ]
1.2p E 0.8F \\ +.p \\ E
1~ ] ZTEN ~ 3 1
- e T \\\._. 4// H ]
0.8 E 06 el T AV :
0.6 = 0.4F .
080 T i T2 13 14 75 76 17 is 0.2F E
K 0.0 S S NR— SE— .
! 0.0 0.5 1.0 1.5 2.0
Y
Small mixing: ) I'(g9 — h) enhanced Large mixing: ) I'(99 — h) suppressed
I'(h — vy) suppressed I'(h = vy) enhanced
P1: mg = 100GeV, mz, = 300GeV, 6; =0 P3: mj; =400GeV, mz, = 1000GeV, 0; = 7/4
P2: mg = 200GeV, mg, = 500GeV, 6; =0 P4: m; = 500GeV, m;, = 1500 GeV, 0; = w/4
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&) Composite (R.Contino)
I

" Leading effects in tree-level couplings and ZY rate

2 2 = Hi
T(h — Z f Higgs decay constant
Cy,Cy,C d—1+0(f2) %—14‘0(-]‘,2)
Muew = Gxf SJ 4m f
CMS Preliminary {s=7TeV,L<5.1f" Vs=8TeV,L< 19.6fb”
M--—2.0 rrrrrrr T T ] o I N L L LA B B
- N ] - ATLAS Preliminary + SM .
15F g -\\ E 3[ (s=7TeV,[Ldt=4.6-4.8f0" x Bestfit ]
100 i . E C {s=8TeV,[Ldt=13-207fp" — 68%CL .
: ey ) ; - - 95% CL ]
- AN ] ol ]
0.5 RLI e - = .
F et ] B 7
0.0 4 ] 1 mcHMa . 3
: ] C . i
-0.5__ g, T - 1 : :
i S i Ol wcH\s -
1.0 T . - B i
- ° B S L PN i
15 _ B S —— 3
-2_0: ' ' :I | [P | | | :
0.0 0.5 1.0 1.5 0.7 0.8 0.9 1 1.1 1.2 1.3

A
<

Red points at (v/f)? =0.2, 0.5, 0.8
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5] The case for the SMH (R.Contino)

“ [http://cern.ch/go/W96V]

CMS preliminary Vs=7TeV,L=5.115" \s=8TeV,L=19.6 1t

.._,>' _lllllIIlI|I|I||Il|---T--|IW|TIfT!l|
If one assumes that 5 oal o
s 200
. N — CMS data
1. The new boson is part of an SU(2). doublet Z sl (CL™ = 0.6%)
§ i oy
2. There is a gap between the NP scale and my o - A
o 0.06r CMS preliminary Vs=7TeV,L=5.116" (s=8TeV, L=19.6 16"

0.04] .

yeriments
©

_|ﬁ_r_[_1'

? ]

then it must follow: [ IS data
20 CMS Preliminary {s=7TeV,L=5.11b" \s=8TeV,L=19.61b"
N . TT T T T T T TT

B e T
. Myz Kz, k=1 ]
e :

= his (mostly) CP=+ V' 7 |

. . All these independent tests 1
= There exists a correlation among ‘ 5

processes with 0,1,2 Higgs bosons |mportc|.n'r to confirm the picture
but their success comes less of a

“ hhasspin0 Vv

L.
20 30

Ex: custodial symmetry v surprise given the fits on couplings |1, /L)
mw Cw

— W 1 Mz =X —1

mz cos Oy - cz Ex: There’s no reason why a JP=0- boson

should have SM coupling strength

“ There are no new light states to
which the Higgs boson can decay

2 CWw -
D HI*  vs > W WHHTH
Ex: Invisible width=0 v~
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66

CERN Courier May 2013

LHC discovery

Birth of a Higgs boson

Results from ATLAS and CMS now provide
enough evidence to identify the new particle
of 2012 as ‘a Higgs boson’.

In the history of particle physics, July 2012 will feature promi-
nently as the date when the ATLAS and CMS collaborations
announced that they had discovered a new particle with a mass
near 125 GeV in studies of proton—proton collisions at the LHC.
The discovery followed just over a year of dedicated searches for
the Higgs boson, the particle linked to the Brout-Englert-Higgs
mechanism that endows elementary particles with mass. At this
early stage, the phrase “Higgs-like boson” was the recognized
shorthand for a boson whose properties were yet to be fully investi-
gated (CERN Courier September 2012 p43 and p49). The outstand-
ing performance of the LHC in the second half of 2012 delivered
four times as much data at 8 TeV in the centre of mass as were used
in the “discovery” analyses. Thus equipped, the experiments were
able to present new results at the 2013 Rencontres de Moriond in

March oivino the narticle-nhveice commnnitv enanoch evidence tn

March, giving the particle-physics community enough evidence to
name this new boson “a Higgs boson”.

results that tfurther elucidate the nature ot the particle discovered
just eight months earlier. The collaborations find that the new par-
ticle is looking more and more like a Higgs boson. However, it
remains an open question whether this is the Higgs boson of the
Standard Model of particle physics, or one of several such bosons
predicted in theories that go beyond the Standard Model. Finding
the answer to this question will require more time and data.

This brief summary provides an update of the measurements

Observed CL, [0(g9) |(2;,(99) |2:(qq) [1-(qa) [1+*(aQ)
compared with | pseudo- | minimal | minimal |exotic |exotic
JP=0+* scalar | couplings | couplings | vector | pseudo-vector

770 ATLAS |2.2% |6.8% 16.8% [6.0% [0.2%
CMS |0.16% |1.5% <01% [<0.1% |<0.1%
ATLAS |- 51% 1.1% = =

)
ww CMS |- 14% = = =
Yy |ATLAS |- 0.7% 124% |- =

Table 1. Summary of preliminary results of the hypothesis tests
compared with the Standard Model hypothesis of no spin, positive
parity (J°=0"). All alternatives are disfavoured using the CL ratio
of probabilities that takes into account how the observation
relates to both the Standard Model and the alternative hypotheses.

CMS preliminary L=5.1 and 19.6fb~1 at Vs=7Tev and 8Tev
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&) Summary

1 Went from “a new particle” to ““a Higgs Boson”.
O my ~ 125.6 £0.4 GeV.

0 Big picture unfailingly consistent with SMH:
o Per channel, per final state, and per production mode.
o No significant deviations of scalar couplings.
o Parity hypothesis tests disfavor 0.
0 Other JP hypothesis tests disfavor JZO.

0 Working hard to leave no stone unturned.
O Look for the Higgs parallel session on Wednesday.
O
o Many channels in the works: ttH, U U, invisible.

O For when a LHC combination?
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The beautiful bering 2013 Universe

[arXiv:1303.5062]
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Looking forward to LHC combination and surprises at

higher energy: PeV neutrinos, LHC 13 TeV, ...
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“ ..and references therein.”

1 ATLAS
https: / /twiki.cern.ch /twiki/bin /view /AtlasPublic/

HiggsPublicResults

0 CMS
https: / /twiki.cern.ch /twiki/bin/view /CMSPublic/
PhysicsResultsHIG

0 Tevatron
http:/ /tevnphwg.fnal.gov/

o CDF
http: / /www-cdf.fnal.gov/physics /new /hdg /Results.html

o DO

http:/ /www-d0.fnal.gov/d0 publications/
dO pubs list bytopic.html#higgs
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&) Looking well ahead
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More on mass
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More on mass

CERN
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More on scalar couplings
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& Probing possible 2HDM

[CMS-PAS-HIG-13-005]
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[0.74, 1.95] (95% CL)
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More on spin 2
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= CMS: 27 combination
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“ Higgs: production and decay
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A tribute to those doing SM calculations
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- Miscellaneous
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By Jeffrey Kluger

Simulation of a Higgs-Boson decaying into four muons, CERN,
1990.

Take a moment to thank this little particle for all the
work it does, because without it, you'd be just
inchoate energy without so much as a bit of mass.
What's more, the same would be true for the entire
universe. It was in the 1960s that Scottish physicist
Peter Higgs first posited the existence of a particle
that causes energy to make the jump to matter. But it
was not until last summer that a team of researchers
at Europe's Large Hadron Collider — Rolf Heuer,
Joseph Incandela and Fabiola Gianotti — at last
sealed the deal and in so doing finally fully
confirmed Einstein's general theory of relativity. The
Higgs — as particles do — immediately decayed to
more-fundamental particles, but the scientists
would surely be happy to collect any honors or

Simulation of a Higgs-Boson decaying into four muons, CERN,
1990. awards in its stead.

Photos: Step inside the Large Hadron Collider.
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