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{ The most significant excess

We can evaluate the most significant signal ~125 GeV.

% The H - yy channel dominates the measurements.

o ATLAS also observes near-by signal in H - ZZ - 4¢.
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' 1.50 global
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Total Integrated Lumindsity (fo ™)

CMS Totall log rate:

BN LHC Delivered: 5.36 fb™

CMS Recorded: 4.95 fb™'

0 12/04 26/04 10/05

Fermilab Users Meeting

I en t concluswe

2405

—row ez Both ATLAS and CMS have aggressively searched for

o, G the Standard Model Higgs boson.

" > So far there are no significant excesses observed.

o Experiments at the LHC exclude a SM Higgs boson at 95%
g h1nts have been se

el
N
> ~4 j

. 2012 LHC goal |

's is 15 fb_l at 8
34 TeV.

ThlS rnay be the j

year of Higgs atj

the LHC!
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20.08:14.621490 GMT
RunVEvent: 194108 / 564224000
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20.08:14.621490 GMT
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20.08:14.621490 GMT
RunVEvent: 194108 / 564224000
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g 3 Breakthrough of the Year, 2012
[http://goo.gl/4 c%] [http: / /goo.gl/sulzZ] [http:/ /g 1/ShJIG]
L4 3 g 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,
d'me“5i°“5 . . ' along with significant advances in genetics, engineering, and many other areas. In
pamds A keeping with tradition, Science’s editors and staff have selected a winner and nine
Symme ry physics P - . runners-up, as well as highlighting the year’s top news stories and areas to watch
e s . in 2013.
home P ¥ i topics ¥ image bank pdf issues archives -

FREE ACCESS

I . The Discovery of the Higgs

gluons interpretation § yobe

x 2012 reports for eprints
extra TNE £ c°"'5'°”5momblned>'.m 2012 reports for eprints Boson
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© Cxl (& 3 weh

1 § e Sgeneraiion vty D502 2 A Cho
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E [} magsreSUIts COIIIder"""‘q G & m“‘*""“*’”’“" h 1. 568 citations in 2012 Exotic particles made headlines again and again in

PV d|sappearance° ) L . . ces ;
cosmoloq|ca| mod | t = gsSearc Observation of a new particle in the search for the Standard Model Higgs boson with the 2012 Imakinglitnolsuipstsathatitiel reak euoch
H S an ar -t ‘!',‘.‘J“ié’;iﬁﬂ ATLAS detector at the LHC the year is a big physics finding: confirmation of the
neUt . Oson Mn eWelectron g,_sunevqavny R X existence of the Higgs boson. Hypothesized more
ex erlment supemovae Q) ectron-ntneiie 83 o ATLAS qulaboratlon (Georges Aad (Freiburg U.) et al.). Jul 2012. 24 pp. than 40 years ago, the elusive particle completes the
p including computations observation: dlStnbUtlonS 2 Published in Phys.Lett. B716 (2012) 1-29 standard model of physics, and is arguably the key to
thSICS gQ- 0 qauqe broken CERN'PH'EPTZO12'218 the explanation of how other fundamental particles
supersymmetric a as hadronic C ﬁ DOI: 10.1016/j.physletb.2012.08.020 obtain mass. The only mystery that remains is
theary atlas hqus © qlobal ' e-Print: arXiv:1207.7214 [hep-ex] | PDF oS ‘
100Kt madgraphy Mmm (%] P whether its discovery marks a new dawn for particle
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote physics or the final stretch of a field that has run its
ADS Abstract Service; Link to all figures including auxiliary figures course.

5 Multiparton

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

. 558 citations in 2012
signal to background Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
May 12, 2013 CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) ef al.). Jul 2012.

: : Published in Phys.Lett. B716 (2012) 30-61 Runners-U
The top 40 phySICS hits of 2012 CMS-HIG-12-028, CERN-PH-EP-2012-220 P —

The Higgs boson is a popular subject among the most-cited physics papers of DOI: 10.1016/i.physletb.2012.08.021

2012, but a particle simulation manual takes the top spot. e-Print: arXiv:1207.7235 [hep-ex] | PDF This year's runners-up for Breakthrough of the Year underscore feats in
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote engineering, genetics, and other fields that promise to change the course of
CER cument Server ; ADS Abstract Service; Link to PRESSRELEASE science.

. 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.) ef 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

. 381 citations in 2012
Combined search for the Standard Model Higgs boson using up to 4.9 fb$2{-1}$ of $pp$
collision data at $\sqrt{s}=7$ TeV with the ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) ef 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 auxiliary figures
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Detectors designed to be robust against pileup
but still a great challenge:
gcirii':hms analyses
. -




trigger paths
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ATLAS p-p run: April-December 2012
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& All good for physics: 95.'_8% >

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6% (in %) - corresponding to 21.6 fb! of recorded data.
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Predicted production and decay
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o(pp — H+X) [pb]

L N Loy, 5 bt

7 TeV, 5 fbl
8 TeV, 5 fb? 8 TeV, 5 fb!
_ 8TeV, 12 fb? 8 TeV, 13 fb!
Y , 8 TeV, 20 fb* 8 TeV, 21:fb
200 300 400 500  [Go :.7 ’.'ap p ‘. : P ‘ .
) o .. ‘ _. f.v‘ r' 3::.‘3'.0.’~ | -—— : -
de.t&j / Proc’\. untagged VBF-tag VH-tag ttH-tag
WWwW
7
bb
Tt
HH
144
7AY

Note: “Tags” refer to what else, other than the Higgs, is identified explicitly in the event

BEWARE: Tags are never pure; e.g. VBF-tags have 20%-80% of ggF, depending on analysis
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_In more detail

" M v
.,.*" .f”," | ; . . .,
v BV EirT CanTmelsy

Analyses No. of
H decay Prod. tag | Exclusive final states channels

™ untagged | 7y (4 diphoton classes)
= Y VBF-tag | y7 + (ji)ver (two dijet classes for 8 TeV)
VH-tag | 77+ (e, u, MET) :
Nigt < 2 3+3 -
jet

(DF or SF dileptons) x (0 or 1 jets) -
WW — fvév £vév + (jj)ver (DF or SF dileptons for 8 TeV) '
3¢3v (same-sign SF and otherwise) ‘\
(eTy, uT, e, up)x (low or high p7) A
ThTh T —
(eTh, #Th, e, utt, TTh) + (jf) ver A
}i
T U, THEU, €Ty Ty, YT, T 4+4 :
vv, ee, U, ev, uv with 2 b-jets) x (low or high p1(V) or loose b-tag) '
(fwith4,50r >6jets) x (3or >4 b-tags); |
(£ with 6 jets with 2 b-tags); (££ with 2 or >3 b-tagged jets)
Example CMS [similar for ATLAS]
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R VST CIIaNTelSy
Analyses No. of
H decay Prod. tag | Exclusive final states channels

™ untagged | 7y (4 diphoton classes) 4 +4
o 7Y VBF-tag | y7 + (ji)ver (two dijet classes for 8 TeV) 142
VH-tag | 77+ (e, u, MET) :
Nt <2 :
jet
Vs
' (DF or SF dileptons) x (0 or 1 jets)

WW — fvév £vév + (jj)ver (DF or SF dileptons for 8 TeV)
33y (same-sign SF and otherwise)
(eTy, uT, e, up)x (low or high p7)
ThTh -
(eTw, uTh, e, up, TT) + (jj)ver
ee, Uu) X (tq Ty, €Ty, Uy, €U
ThH U, THCU, €T Ty, YT Ty
vv, ee, pi, ev, pv with 2 b-jets) x (low or high pr(V) or loose b-tag) | 10 + 12

-

(£ with 4,5 or >6 jets) x (3 or >4 b-tags);
(£ with 6 jets with 2 b-tags); (££ with 2 or >3 b-tagged jets)
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§ 7 TeV CMS measurement (stat®syst)
E 8 TeV CMS measurement (stat®syst)
= 7 TeV Theory prediction
—— 8 TeV Theory prediction

jet

EX >30 GeV
In®™1<24

36, 19 pb

JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (W2)
JHEPO01(2012)010 CMS-PAS-SMP-12-005,

CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007, 013, 014 (WW ZZ)

See earlier presentation by J. G. da Costa

ATLAS Preliminary

LHC pp Vs =7 TeV
Theory
o Data(L=0.035-46f

LHC pp Vs =8 TeV
mem Theory

* Data(L=58-20fb )
58"

T
1.0 fb

. 13"

46t 1
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§ 7 TeV CMS measurement (stat®syst)
E 8 TeV CMS measurement (stat®syst)
= 7 TeV Theory prediction
—— 8 TeV Theory prediction
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36, 19 pb

JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (WZ)
JHEP01(2012)010 CMS-PAS-SMP-12-005,
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007, 013, 014 (WW Z2)

Many teams, lots of people...

ATLAS Preliminary

See earlier presentation by J. G. da Costa
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_Key: understand SIM well

e ™ v See earlier presentation by J. G. da Costa
IR ¢ ATN A, «
Sl Dy 1t1s also.all Higgs background...
\ 2 e AL R s ,

[pb]

O 7TeV CMS measurement (stai®syst) Q2 ATLA S prehmmary
E 8 TeV CMS measurement (stat®syst) :
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JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (W2)
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Run: 205113
Event: 12611816
Date: 2012-06-18
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Kb = JP kinematic discri,minant

Ky=Ps /(Ps +Pg)
n Allow 7 * for more acceptance

o Advantaéés . Lae.
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where Ps ;= f(m,, m,, 6., 6,, @,, 67, ®"|m,,)

- -’ . . calculated from production and decay kinematics in the
\ e 4 Z's and H rest frames.
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"l H=>Z *Z=>41 (e mu) ‘..

-

Kb = JP kinematic discri,minant

Ky=Ps /(Ps +Pg)
n Allow 7 * for more acceptance

o Advantaéés . Lae.

. )

where Ps ;= f(m,, m,, 6., 6,, @,, 67, ®"|m,,)

calculated from production and decay kinematics in the
Z’s and H rest frames.
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14 621490 GMT
RunvEvent: 194108 / 564224000
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7@ Main signature

® Two isolated photons

®  Ha?d prspectrum
5

& Advantages .

—

RN o Y

-

_... -

'. n .o

% Fully reconstricted final state’

D Great m,, resolution (1-2%)
B Large S (-500 evts vs -0 ZZ) A

@ Challenge
% SmallS/B

® Collision vertex assignment
® Modeling background

% Photon calibration

@ Key in analysis

® Split in tag categories

® Split in resolution and S/B categories

-
w.

-~ —— .
-

Events / 2 GeV

o
2
o)
e
Q
=
i
1
(2]
2]
c
o
>
L

hted Events / 1.5 Ge
S
3

g

Wei

Selected diphoton sample

(] Data 2011+2012
Sig+Bkg Fit (mH=126.8 GeV)

Bkg (4th order polynomial)
ATLAS Preliminary
H-yy

Vs=7TeV, _[Ldt =481’

Vs=8TeV, |Ldt=20.7 1"

CMS Preliminary —— Data
{s=7TeV,L=511fb" (MVA) S+B Fit

= _ _ -1
(s=8TeV, L=1961" (MVA) —— 7

C+20

Bkg Fit Component
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7@ Main signature "
® . Two isolated photons

® Hafd prSpectrum ¢ , -
R, - ™

- '. -

o Advantages . . . l-«*‘:’-;*

% Fully reconstructed final state’ -

-

D Great m,, resolution (1-2%)
B Large S (-500 evts vs -0 ZZ) A

@ Challenge
% SmallS/B

® Collision vertex assignment
® Modeling background

% Photon calibration
@ Key in analysis

® Split in tag categories

® Split in resolution and S/B categories

Selected diphoton sample

(] Data 2011+2012
Sig+Bkg Fit (mH=126.8 GeV)

--------- Bkg (4th order polynomial)
ATLAS Preliminary
H-yy

Events / 2 GeV

~
-
-
D)

Vs=7TeV, _[Ldt =481’

Vs=8TeV, |Ldt=20.7 1"

Events - Fitted bkg

160 .
m,. [GeV]

ATLAS 74 0 / CM$S 39 O

CMS Preliminary —— Data
{s=7TeV,L=51f"(MVA) S+B Fit ! x -~
)
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o — — 1
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012
Run/Event: 191721 / 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815
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*@ Main s1gnature . .

“RSTwo high prisolated lebtons
n Mlssmg transverse énergy: MET

@Advantages L. ‘~‘W‘?
®'0KS A 3 N B
M OKS/B Sy |

B ;Kinematical handles (Mj, MT)
@ Challenge

% No sharp mass peak (MET)

B Some 20% resolution on Mr
@ Key in analysis

® Split in jet categories

® Split in lepton flavors

@ Backgrounds

B WW, tt, W+jets, DY+jets, dibosons
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-
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data/ MC

Events /10 GeV

—&- data

— my=125 GeV CMS Preliminary

I WHjets

ww

ATLAS Preliminary —¢— Bko.subiracted Data
\s=7TeV,[Ldt=46f" [ | H125Ge
Ns=8TeV, | Ldt = 20.7 fb"

HoWW ' Ssiviv + 0/1 jets

-+ data — m,=125 GeV CMS Preliminary
I W+jets fs=8TeV,L=19.5f"
fs=7TeV,L=4.91"

fs=8TeV,L=19.5fb"
fs=7TeV,L=491"'
ww

0-jet ep 0-jet ep

events / 10 GeV/c?
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. ATLAS Preliminary (5=7TeViLdt=46 b’ : i
-’5 Main s1gnature . . Wbt 5= 8ToViLot-207 1
¥ ——Obs B+t

] Two high prisolated leptons - | Expij:nsGev

n M1ss1ng transverse énergy: MET | g

o Advantages =30 -«w:'w --------------------------------------------
® |Large SXBR # 3 A N Al
x 0K S/B AT e &
B ;Kinematical handles (Mj, MT) d.. -
i ‘ . . [ - &
B3 120 130 140 150 160 170 180 190 200 . :
Challenge | el W\
® No sharp mass peak (MET . - .
e S - ATLAS 3.5 G /| CMS 392 of
® Some 20% resolution on My O [ CMS Prelimummmn m—
! \s=7 TeV,L=4.9 b —e— Observed > o4
) ® ® 8 25 \E=8 TeV,L=19.5 _fb-1 —— Injection m =125 GeV : x ‘
@ Key 1n analysis i Tp HoWWe2 Ot () ricton: .
c |:| Injection; 20 :.
® Split in jet categories B 20

® Split in lepton flavors

@ Backgrounds
B WW, tt, W+jets, DY+jets, dibosons
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Run Number: 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST
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@ Main signature = 3
. L 4, |
l H->1717 (w1th Twand leptonlc &ecays) | 2
o Advantages 3RS P N
l‘ Test down-type f cc}ﬁplmgs W/ J-I bb { -
% Only direct H= >1eptons probe . ‘},
& Challenge ARy
BT Very small'S \

® Control T, ID

B Reconstruct TT mass
@ Key in analysis i

B Can calibrate with Z=>TT |

B Split by Nj, pr(j) and VBF
@ Backgrounds

® Z=>TT, QCD

F 4

ThadThag H+2-j€ts VBF

—e— Data

— 5x H(125)—>1t
ml Z-tr

I Multi-jet

Il Others

7772 Bkg. uncert.

det:13.0ﬂo‘1

\s=8TeV
#TLASPreIiminar

100 150 200 250
MMC mass m,, [GeV]

[1/GeV]

T

S/B Weighted dN/dm

CMS Preliminary, {s = 7-8 TeV, L = 24.3 fb™!

ey, et,, uT,, 7,7,

2 jet (VBF)

50
m,, [GeV]

- H(125 GeV)- 11
—@— observed

[ — AN

|

B electroweak
] aco
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'-6 Main s1gnature

| — - “‘
. n H=>TT (With Tnand leptonicdecays) |

. -

& Advantages 3 N ek P
P . W

-

l Test down* “type T couphngs w/ o= !bb.
%' Only direct H=>1eptons probe ' S -

@ Challenge -
BT Very small'S \

® Control T, ID
B Reconstruct TT mass
@ Key in analysis
B Can calibrate with Z=>TT
B Split by Nj, pr(j) and VBF
@ Backgrounds

® Z=>TT, QCD

ThadThag H+2-j€ts VBF
—e— Data
— 5x H(125)—>1t
ml Z-tr
I Multi-jet
Il Others
7227, Bkg. uncert.

[Lat=13.0"
\s=8TeV
#TLASPreIiminar

100 150 200 250
MMC mass m,, [GeV]

Events / 16 GeV

H- 1t ATLAS Preliminary

—eo— Observed CL_ f Ldt=4.6f" \s=7TeV
-- Expected CL_ | Ldt=13.0 fb", |s = 8 TeV
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S/B Weighted dN/dm

CMS Preliminary, {s = 7-8 TeV, L = 24.3 fb™!

EZ 125 Gev) — 11
ey, et,, UT,, T, T, =@~ Data - Background

2 jet (VBF)

- H(125 GeV)- 11
—@— observed

| — AN

|

B electroweak
3 aco

—e— p-value observed

------- p-value expected

s%* ATLAS 1.1 6 / CMS2% O

23



Z(up)H(bb) candidate
) M(bb) = 128 GeV
ata. MO Astl) 026,42 2011 CES pr(bb) =181 GeV

Run/Event: 167807 / 149404739
Lumi section: 134

Orbit/Crossing: 35103256 / 2259

Irbit/Cre

CSV(b,) ~0.92 —
CSV(b,) ~0.99

by |

H1
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CMS Preliminary
{s= 7TeV, L=5.0 fb'
Vs= 8TeV,L=19.0 fb’
pp — VH; H— bb

weighted entries / 15

é Main mgnature " . \ -
L] ZH/WH ith Z (1L #7 JWy O
' R 2 P . .o'. (’ . 4 ’ - . M : M )
3 Advantages T, o)
B Largest nggs BR 13} \ ‘l' S, ATLAS Preliminary CMS Preliminary o paa

B wz.zz
B WH 125Gev

1 ZH 125GeV
-o- Data - Bkgd

Vs= 7TeV,L=5.0 fb"'
s = 8TeV,L =19.0 fb" B v+ (125 Gev)

pp — VH; H- bb -VV

— Sub. MC stat. uncert.

I Ldt=13.0f6", \s =8 TeV

% . Direct coupling to down quark secto’"
B Measure VZ(bb) .!

@ Challenge
% PoorS/B

J Ldt=4.7fb", \s =7 TeV
0,1,2 lepton

Events/10 GeV !

——— Visible MC stat. uncert:

@ Key in analysis
B Sensitivity through boosted H/V
® B-tagging

® Improve bb mass resolution (-10%)

CMS Preliminary
(s= 7TeV, L=5.0 fb'
(s = 8TeV, L =19.0 fb" - VH (125 GeV)

Entries / 0.25

® NMulti-variate analysis
@ Backgrounds

B top, V+jets, V+HF, dibosons, QCD
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.? Main s1gnature . A

= ZIHJWH with Z(ll,w) JWQay) Ty ¥

| Bt | T O S
3 Advantages e
® Largest Higss BR . 3. "w.f"”
® Direct'coupling to down quark sector W

. 1

@ Challenge \

Poor S/B

@ Key in analysis

Sensitivity through boosted H/V
B-tagging

Improve bb mass resolution (-10%)
Multi-variate analysis

Measure VZ (bb) !

@ Backgrounds

top, V+jets, V+HF, dibosons, QCD

ATLAS Preliminary \s=7TeV, I Ldt=4.7 b

—e— Observed (CLs) J‘ .
Expected (CLs)  'S=8TeV, | Ldt=13.0fb
B +10 VH(bb), combined

[ J+2¢

=

[
e
©
C
(S}
£
]
(@]
2
0
o

CMS Preliminary - :

- _ 1 —— serve
Vs=7TeV,L=5.01b L e CL, H125 injected
{s=8TeV,L=19.0fb --e- CLg Expected

VH(bb), BDT combined [ CLg Expectedt 10
CLg Expected+ 2 ¢

95% Asymptotic CL Limit on o/cg,,

120 125 130 135
m,, [GeV]

ATLAS 04 G / CMS 21O
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Significance summary
&

L LT, A Qoo
[ == - NI N R N R U

,

i B A
y 5 N
A »r
q.

® 140 150 160 170 180
m, [GeV]

ks
Kl

-

bosonic cie.tsz fermionic de.«csz

6.6 740 380 | 110

(4.40) (4.10) (3.70) (1.70)

124.3 GeV 126.8 GeV

6.7 0 3.90 390 | 2.80
(7.10) (4.20) (5.60) | (2.7 0)

125.7 GeV
a.david@cern.ch

- Higgs decays to are the smoking quin "

- The detavs skart to show up
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ATLAS Preliminary : nj, = 125.5 GeV
' Combined CMS Preliminary m, =125.7 GeV

W.ZH — bb 5 u=0.80+0.14
\s=7TeV: [Ldt=4.7fb" E
\s=8TeV: |Ldt= 130"

H - 1t | Hobb

\s=7TeV: |Ldt= 461" : u=1.15+0.62
\s = 8 TeV: [Lat (=)13 fo! '
H—- WW ' —lviv

Vs=7TeV: [Ldt= 461" Ho 1t
\s=8TeV: [Ldt=20.7 fo" ; u=1.10%0.41

H— vy
\s=7TeV: [Ldt=48fb"
\s=8TeV: |Ldt=20.7 b

H— zz" - 4l
\s=7TeV: [Ldt = 460" ; A
| . _ -1 '

\s =8 TeV: |Ldt = 20.7 b 5 H—s WW

) = 0.68+0.20
Combined u=1.30+0.20

\s=7TeV: [Ldt=4.6-4.81"
\s=8TeV: JLdt=13-20.7 b” H-— ZZ
. W=0092+0.28

H— vy
w=0.77+0.27

+1

Signal strength ()

—-

1=1.3040.20

Comnsistency across d&&wj modes, within uncertainties

Note: M is the measured process rate relative to SM prediction
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s=7TeV,L<5.1fb" Vs=8TeV,L<19.6 fb"

ATLAS Preliminary : n},= 1255 GeV
‘ CMS Preliminary m, =125.7 GeV

: Combined
W.Z H — bb : w=080+0.14 | Pg, =052
\s=7TeV: [Ldt= 471" .
\s=8TeV: [Ldt=131b"

H— 1t :
\s=7TeV: [Ldt =461 : Untagged
\s=8TeV: [Ldt = 130" :

; 1=078+0.16
H—- WW ' —iviv
\s=7TeV: [Ldt= 4.6 fb'1-1

\s=8TeV: | Ldt = 20.7 b : VBF tagged

H— vy
\s=7TeV: [Ldt=48fb" u=1.02+0.34

\s=8TeV: |Ldt=20.7 b

H— zZ" = 4 s
\s=7TeV: [Ldt =46 b 5 . VH tagged

\s = 8 TeV: | Ldt = 20.7 fb™ ; u=1.02+0.49

Combined u=1.30+0.20
\s=7TeV: [Ldt=46-481b"
\s=8TeV: [Ldt = 13-20.7 fb”

ttH tagged
uw=-0.15+2.86

+1

Signal strength (u)

—-

1=1.3040.20

Comnsistency across d&t&v modes, within uncertainties

Note: M is the measured process rate relative to SM prediction
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ATLAS Preliminary M= 125.5 GeV
W,Z H — bb H — bb (VH tag)

\s=7TeV: [Ldt = 4.7 fb"

\s=8TeV: [Ldt= 1310 M H — bb (ttH tag

H— 11
\s=7TeV: [Ldt= 461"
\s=8TeV: [Ldt = 130"

*)
H—- WW ' —iviv
\s=7TeV: [Ldt= 461" - . H— vy (VH tag
;-s|= 8 TeV: |Ldt=20.7 " , H — WW (0/1 jet
— : -
\s = 7Te’\¥:’YILdt ~481p" 5 H— WW (VBF tag

)

H — vy (untagged)
)

)

)

)

\s =8 TeV: [Lot = 20.7 1o " H— WW (VH tag)
)

)

)

)

)

H— vy (VBF tag

H- zZz" = al . _
\s=7TeV: [Ldt = 4.6 b : , H -tz (0 jet
\s = 8 TeV: | Ldt = 20.7 fb™ .

: _ H — tt (VBF tag
Combined n=130x0.20 H— 1t (VH tag

\s=7TeV: [Ldt=46-481b"

\s =8 TeV: [Ldt = 13-20.7 b H— ZZ (01 jet

H— ZZ (2 jets
+1

Signal strength ()

—-

1=1.3040.20

Comnsistency across d&t&v modes, within uncertainties

Note: M is the measured process rate relative to SM prediction
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NIass measurements

R ks Wis@wf}\ﬂeasuramiv\&s from H=ryy and H=>ZZ=>41

ATLAS Preliminary —— Combined (stat+sys) CMS Preliminary {s-7TeV,L<51fb" {s=8TeV,L<19.6fb"
\s=7 Tev:det =4.6-481fb" Combined (stat only)

\s=8TeV: [Ldt=20.7 fb! —Hoyy .
— H->ZZ >4

Hoyy+H->ZZ
K, b (ggH.ttH),
u_(VBFVH)

0
9
8
-l
6
5
4
3
2
1
0

N
124 125 126 127 128 129
my [GeV]

July November April
2012 2012 2013

CMS: 125.7 £ 0.4 GeV

ATLAS: 125.5 + 0.6 GeV

g ¥y s

% % Precision to 0,3-0.5 %

>
)
O
v
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®
£
c
o
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o
o
3
)
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o7
<44

B combination
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T

S/B Weighted dN/dm_ [1/GeV]

as mass

m,, [GeV]

Z H(125 GeV)— 11
—&@— observed
: Zo1t

| — N

B clectroweak

—e— observed
—— H(125 GeV) expected

[ + 1o expected
+ 26 expected

My = 120 +9-7 GeV

From the CMS fermionic channels
VH(bD)

CMS Preliminary o pata
Vs = 7TeV, L=5.0 fb"
Vs= 8Tev,L=19.0 " [ VH (125 GeV)
pp — VH; H— bb - w
Sub. MC stat. uncert.

Visible MC stat. uncert:

200 250
M5 [GeV]

CMS Preliminary
{s=7TeV,L=5.0fb"

Vs=8TeV,L=19.0fb"
VHbb mBDT combination

—e— Observed

Expected H(125)

N

5
5
4
5
3
5
2
5

o —
o 01 o

125 130 135
m,, [GeV]

Most likely mx ~ 125 GeV
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N\, Test of SV couplings

z% -
w.@ roductlon X deca,y . e

ﬁ
- N

l sCaribe described by 8¢

_ mdependent pa,ra,meters
\ -vi'.-r' e “*‘?’f‘:'?"‘ ‘

r,, (loop induced)

I, (loop induced)

M

[or (including H = "invisible”)

Zy and pp still have too little sensitivity to affect anything in the combination

Define scale factors I€ as the ratio with respect to SM couplings:

r

“J SM
7.7(*)

7.7Z(*)
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. structure of a Higgs-like particle: arXiv:1209.0040

L

& A

.

C HXSWG interim recommendations to explore the coupling

Production modes

OggH
SM
aggH
OVBF
SM
OVBF

SM
OWH
OZH
SM
O7H
OttH

SM

atfH

{ xg(xb,xt,mH)

g
K%’BF(KW'a KZ, mH)

K%V

I\VVV“)

FSM

WW(*)

1-\zz(-)

SM
1-\zz(-)

FbB
SM
FbB
I}_T*
FSM

T T
T,,
3
Iz,
TSy

2
Kw

K7

K2 (Kb, Kty Key KW, TH )
K

K(z,) (Kb, Kt, K, KW, )
)

K(zy)

Currently undetectable decay modes

i
Tee
Ty’
e
I¥§
I’
PH_M*
'sM

TaThy

Total width

K¢

see Section 3.1.2
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The ‘‘combine” machine

; ‘ —_— -
2 .Q‘" S B 3£etds/skapas, ‘ ‘..

'e*' cé L uncertainties, correlations,| ..
3 % U SR o:sumptions, constraints [
+ L 04 [ ’ L .
4 N Sl! 51‘ *
: . e mq‘ ’ - \
' SR } T - f:‘ z\ . : >
’\. " ) : it s y 2 ’.- ‘ .'. e .
1 The size of the currenk

dataset is insufficient tol -
‘quantify meaningfully atl's:
“ o Pkeuomev\otogicat‘ 4 4 e
b fim ‘ DO - parameters, A set of ‘,\\
= combinations with more L.
Limited #. of dofise v o
presented. Other dof are’ |
either comstrained or ‘ b 4
Frafﬁed in the Likelthood .
scans

» Look ab different |
% parameter subsets |

"
“““““
ddd
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ATLAS Preliminary CH

\s=7TeV,|Ldt=4.648fb" #3H — vy Ecombined
\s =8 TeV, [Ldt = 13-20.7 fb! + SM x Best Fit

—

1.5 1.6

Ky

Boson and fermion scaling assuming no invisible or undetectable widths
Free parameters: kv (= kw = Kz ), K¢ (= Ke = Kp = K¢).

| Honw  [HoZ20 [HoWWO [Hobh)

k% k2 (kg K K5 KV )

K%[ (x:)

K< K\z (Kf 1'(vava\")

K%[ (Ki)

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

¢ SMHiggs @ Fermiophobic @ Bkg. only

P(SM) < 10 for CMS




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

ATLAS Preliminary + SM
s=7TeV, Ldt=46-481f" x Best fit

is =8 TeV, |Ldt = 13-20.7 fo! — 68% CL
~+-- 95% CL

11 12 13 14 15 16 1.7

Probing loop structure assuming no invisible or undetectable widths
Free parameters: xg, ;.

2
g
Kf[ (x:)

K




ALRRRRRERN
— Observed E

ATLAS Preliminary [,%gB, ] ' -~ Exp. for SMH

is=7TeV,[Ldt=4.6-481" — Opserved '

\s=8TeV, det =13-20.7fb" -- SM expected

N W b 01 O N 00 © O

i,u

BS(BSM) < 0.60 (98% CL) BR(BSM) < ©.52 (95% CL) ~.

Probing loop structure allowing for invisible or undetectable widths
Free parameters: kg, ,, BRiny.,undet..

~ | Hop  [HSZZO [HoWWO [Hobb [Hovd
K

Kg'K.' g

K?I (x:)/(1=BRinv.,undet.) K'f[ (xi)/(1—BRinv.,undet.)

K2

: 1
{ —_—
K% (0)/(1=BRiny. undet.) i (0)/ (1= BRiny. undes.)
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Adv = (Kd/Ko) =>[0.74, 1.95] (95% CL)
Aig = (Ki/Kq) => [0.57, 2.05] (95% CL)

ProbingfiFLYIE SIRTUOWIFLYPC TCTITON FYRINET Yjassuming no invisible or undetectable widths Probing[quark and lepton fermion symmetry|assuming no invisible or undetectable widths

Free parameters: xy (= xz = xw ), =Ka/Xu), Ku(=xt).
Fiee parametes =v(= s = ). Mol /5 Sl = ).
W ) T Twrae) Gara? | How |

iy (ki) TOkEk) xi (i) k2 -x2(xq,Kq,Kahiq,KV)

x'ﬁ'Kf(Kuhdu,xu,xuhdev) Ku'ky K3 (Kuhau)? t T
k% (ki) Kk (x:) K7 (ki)

x%,~K:f(xu7\.du,xmxuldu,xv) k%% k% (kuhgy)? Ké’ Ky (Kq;‘(q yKqAlg KV) ‘zv' Ky : K\ (kg 1q)
K (ki) KfI(_K.) K (ki) Ki1 (i) 2 (ki i KII (xi)




_Summary of coupling tests

= \
- ‘ - _—
% CMS-PAS-HIG-13-005 : ATLAS-CONF-2013-034
- ” - s v
* ’ AN -

ATLAS Preliminary \s=7TeV,[Ldt = 4.6-4.8 fb"
Wt *2 \s = 8 TeV, [Ldt = 13-20.7 fb”

{s=7TeV.L<5.1fb" \s=8TeV,L<19.6fb"

CMS Preliminary ¥ 68% CL
== 95% CL

S R A

-
*.

- - -
L, —

U

[ ¥ Za At . 3 9 |

couples to bosons, couples to fermions, couples the same to W &:Z.,‘
| to up % down families, to leptons and quarks, no [much] new physics
in Loops, and no large invisible decays
|

| all as _e.zc.pea&eci - ui&hiv_x_ E_he measured uncerbainkies - ey
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{s=7TeV,L<5.1fo" ys=8TeV,L<19.6fb" Y

CMS Preliminary (gv/2 Vev) 1 /2 I(\/.I /2 (mV/VeV)
== 95% CL

v

+:

e ctl—
—#l—

15 2 25 3
parameter value

8 independent parameters to describe all currently 2 345 10 20 100 200
relevant decays and production mechanisms: mass (GeV)
— Tww > Ky
9 KZ .
s« =>C5 model Scale SM couplings b3 measured
2> K,
2 K,
— T, (loopisresolved) = Ky, K,

plot reformulated couplings vs

— I, (loopisresolved) >k, K,
— assume BR(BSM)=0

— Assume couplings to the 15t, 2"d, 3rd generations are modified
the same way
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{s=7TeV,L<5.1fo" ys=8TeV,L<19.6fb" Y

CMS Preliminary (gv/2 Vev) 1 /2 I(\/.I /2 (mV/VeV)
== 95% CL

v

————
o c— -
= ——r .*-* 'a”
: -
X -,.l
- < \‘
15 2 25 3
parameter value
8 independent parameters to describe all currently 2 345 10 20 100 200
relevant decays and production mechanisms: mass (GeV)
= [y 2 Ky
2K, .
s« =>C5 model Scale SM couplings b3 measured

2> K,
2 K,
— T, (loopisresolved) = Ky, K,

plot reformulated couplings vs

— I, (loopisresolved) >k, K,
— assume BR(BSM)=0

— Assume couplings to the 15t, 2"d, 3rd generations are modified
the same way

Quite a Higgs-like statememnt..
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Spin & parity

Mvprehmtfs'n 8JF=0° :
s oy ‘é .- Q $ k
Can'be tes gdin dlfferent Ways Wlth ZZ, vy, WW

',-OL "‘

Sl ReConstruot angles and inv. masses Where posmble

s 5
, e g ——
-
, -
or examy g. J=0 vs 3...2 ‘cv\ YY |
' -
*\ .
o —JP=0"(SM) pdf — J° = 2" (100% gg) pdf ' ) . ' L .(" -
g . . . ¢ .
P Nominal analysis ¢ -0 (sM)fit  ® J° = 2" (100% gg) fit : T T L TR o \. _3‘
§ Backgroung systematic uncertainty . - . ' - e : . - Va3
i n - 4 \ | " 2
y
»

Data 2012, |Ldt =20.7 " Vs = 8 TeV

0.1 02 03 04 05 06 07 08 09 1

|coso”|

spin = © is favored
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Higgs?

B Sl Npr—
@ “SMprediction is JF=0*

-‘lr
. - '.

O psRecfonstruct.anglesand inv. masses where possible
" . : St -
s AT T ST A o : -
for example, 9=0 vs I=2 I vy o

B Background Z+jets, tt
Signal (m, = 125 GeV)

—JF=0 = = -1
— P =0 (SM)pdf — J° = 2* (100% gg) pdf : =0 f8=7TeV ILdt . ATLAS ('I;’reliminary —Data
Nominal analysis ® J° = 0" (SM) fit ® J° = 2" (100% gg) fit . {s=8TeV IL t=20.7 b . H->2ZZ -4l Signal hypothesis
Backgroung systematic uncertainty . e f: 7Tev: ]f Ldt=467" (mn=12: GeV)
s=8TeV: [Ldt=207 " ~F =0
J” - MELA e

Events /0.1

§=0

ATLAS Preliminary 0 010203040506 070809

1 JP-MELA Discriminant
Data 2012, [Ldt=20.7fb ", Vs = 8 TeV

CMS preliminary \s=7TeV,L=51f"'\s=8TeV,L=19.6fb"
0 0.1 02 03 04 05 06 07 08 09 1 76
|cos6*| ® data
—— 0, m =126 GeV
J°=0", m =126 GeV

spin = © is favored =gl

Pseudoexperiments

- % 20 - 10 20 30
2xIn(L_ /L)
CL, 102 0.3 0.4 0.5 0.6 0.7 0.8 0.9 i
DO'
P(obs.| 0%)

P(obs.|07)



Spin from H—WW

« Combine several variables in a multivariate discriminant CU'\C'K P&f pj

from H—-ZZ

(boosted decision tree)
« Variables used: m,, P{", Ag,, m; Combine several variables using a boosted
decision tree

140 Variables used: @, 6,, 6,, m;,, m,,, 6%, ®,

100 ATLAS Preliminary —¢— Bo.subtracted Data

100 15=8 TeV,[ Ldt=2071b"  [_] Ho'[rzs)
H—)WW(')—>evpv/pvev + 0 jets O+

ATLAS Preliminary —+— Bkg. subtracted Data
\s=8TeV,[ Ldt=2071b" [_] We'pizs)
H—>WW(')—>evuv/uvev +0 jets 2 +

Events /0.1
Events /0.1

80

* Data
: * Data . ATLAS Preliminary 25/ [l Background 22"
60

ATLAS Preliminary
[l Background 22" [ Background Z+jets, tf H—-2zZ" 41

()
20 Il Background Z+jets, i H—ZZ '—4l Signal (m, = 125 GeV)
Slgnal (m,=125 G;\? Vilidt - 46" * \s=7 TeV: det 46fb’
- {s=7 TeV:|Ldt = ‘ . \5=8 TeV:[Ldt = 20.7 fb
15=8 TeV:[Ldt = 20.7 fo”

-08 -06 -04 -02 0 02 04 06 08 1

-0.8 -06 04 -02 0 0.2 04 06 08 1
BDT,

BDT, oLt Ob

J -1 -0.8-0.6-0.4-0.2 0 0204 0.6 08 1 -1 -0.8-0.6-0.4-02 0 0.2 04 0.6 0.8 1

. . d BDT Discriminant BDT Discriminant
spin = © is favore S¢

P ivoured.
- +

IF = 0" is favored
13/05/2013 Andrew Mehta, ATLAS SM Higgs LHCP2013

13/05/2013

41



CL, values for testing J? state hypotheses vs SM-like Higgs boson (0*, )

: CL, <0.05

ATLAS

CMS
|

o031 | |

A2

also prefers to be I = o

— e —
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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’:__‘

e S SR

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

At the Moriond meeting, in addition to a suite of final results
from the experiments at Fermilab’s Tevatron on the same subject,
the ATLAS and CMS collaborations presented preliminary new
results that further elucidate the nature of the particle discovered
justeight 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, 2;,(99) |2;(qq) 1*(qq)
compared with | pseudo- [ minimal | minimal exotic
JP=0* couplings | couplings | vector |pseudo-vector

7701 |ATLAS
CMS_|0.16% [15%  [<01% [<01% [<01% |
ATLAS - 5% (1% |- |-
cms |- 1% |- |- |- |

[ w JAtas |- for%  [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

¢ data

B z+x
',z

[ m, =126 Gev

events/3GeV

i 2e2u (7TTeV, 8TeV)
o 4u (TTeV, 8TeV)
1O 4e  (TTV, 8TeV)
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KA Higgs”

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’_.‘_ﬁ

e S SR

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

At the Moriond meeting, in addition to a suite of final results
from the experiments at Fermilab’s Tevatron on the same subject,
the ATLAS and CMS collaborations presented preliminary new
results that further elucidate the nature of the particle discovered
justeight 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

1*(qq)
exotic
pseudo-vector
16.8% 0

[11% |- |

- -

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.

2; (99)
minimal

2; (qq)
minimal

CMS preliminary L=5.1 and 19.6fb~1 at Vs=7Tev and 8Tev
¢ data
B z+x
',z
[ m, =126 Gev

events/3GeV

i 2e2u (7TTeV, 8TeV)
e 4u (TTeV, 8TeV)
1O 4e  (TTV, 8TeV)
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COMPLETION OF THE SM
Leptons Quarks

&lHT o LEECRE
R 1) d s b

LV O 0 (9]

Photon ww 20 Gluons

Higgs Boson

This is truly a monumental triumph!
We have reached a deeper

understanding of nature!

cant remember where this came from, sorTY

A hew reseocrtk a
opev\eo{ u,g?m

v @ JP‘

.

T’Q&

CoMariotbic - CERN semim
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Channel

Spin Combination
Couplings Combination
Higgs to Diphoton spin
Higgs to WW(Ivlv) spin
Higgs to WW(Ivlv)
2HDM WW(lvlv)
Combined of Mass
Higgs to Diphoton
Higgs to 4 leptons

ZH (invisible decays)
Higgs to dimuon

Higgs to Zgamma

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

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

Compact Muon Solenoid

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

Full 8 TeV dataset: ttH, H -> gamma gamma
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 -> ZZ -> 4|

Full 7+8 TeV dataset: H -> WW -> 2|12nu
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
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fTo generate particle masses in an SU(2) x U(1) gauge invariant way:
introduce a doublet of scalar fields & = (2, ) with (0|®°|0) # 0

Ls :DMCI)JfDF‘(I)—,LL2<I>T<I>—)\(<I>Jf<I>)2

v = (—pu2/\)1?% = 246 GeV

= three d.o.f. for M+ and My

For fermion masses, use same P:
Lyu=—Fe(€, V)L Per + ...

The residual degree corresponds to the spin—zero Higgs particle, H.
e The Higgs boson: J*¢ = 0t quantum numbers.

¢ Masses and self—couplings from V : M7, =2)\v? gy

M2,
e Higgs couplings  particle masses: gug = — = opvy = 2—¥

Since v is known, the only free parameter in the SM is M g (or A). J

Padova 4/05/2011 The Higgs: status and perspectives — A. Djouadi — p.2/27

/ TH = 10-22 s

100

200 300 500 1000

M, [GeV]



Experimental
measurements

March 2012

O LEPEWWG (2011) 68% CL (excluding M My & direct Higgs exclusion)

"2 68% CL (b 2009), .
5 % Lyt iy otz & from Fermilab

Inferred values of
M,y and M, from
other
experiments

155 160 165 170 175 180 185 195 Theory predictions

Mtop (GeV)

Self-consistency of the theory told us
the Higgs couldn’t be too heavy

S. Dawson

After Discovery

Fit without Higgs

0 N o
80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 80.4 80.41

M,y (GeV)

0
160 165 170

A consistent picture
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- FAD important point 'to‘lieep in mind DA
b s o = B eady. aph 1l 8 —o
> - Hd F‘,... % * e : A O A=y :
® ¥ ColliSionsat Bent OF theINachine are wery rare

“'\ B ’.;E&"f' .'. \; ‘ t.\‘. :" : \ r v 3 .
B =Need vaSt SMOUNGS OF aa! fa“ %B’e‘xp'lo'it the tail
of the'high-eNergy PartoIMCOLISTOIIS st S A Wi

T A Y ‘ : e o .

That takesyears " RS Ne T St Ve
®  One cannot claim*that thereis niothing ’E'o pe x}
discovered until the €dge of the ¥ reachrhas

been fully explored

-
S - -~ 5

| At'8 TeV (with 20 fb!) we have barely covered up to 2-3 TeV il din

See presentation by P. Tang

B So “just” integrating luminosity, is like having
higher and higher E colliders in a pipeline --that
kick'in as time goes on... [already built !]
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Fully hadronic final stat (b jets), dominated
by QCD background.

Increase signal sensitivity splitting the
sample in 4 categories (NN).

Use m,, distribution to discriminate signal
from background.

Pablo Garcia-Abia,

95% Asymptotic CL Limitono / o,

CMS Preliminary
(s =8TeV
L=19.0 fb"
* Data
Background-only fit
C—J 1-ounc.
[ 2-0 unc.
—— Signal (125 GeV) x 3

100 120 140 160 180 200 220 240
M,, (GeV)

CMS Preliminary —s— CL; Observed
(s =8 TeV — - ClL; Expected
L=19.0fb" - CLg H125 Injected

VBF H— bb I CLg Expected= 10
CLg Expected= 20

Observed limit 3.6 SM
(expected 3 SM) at 125 GeV

130 135
Higgs Mass (GeV)

L.ess sensitive searches

ttH Results: bb and gg

Lepton+Jets and Dilepton CMS Ys=7TeV,L=50f"ys=8TeV,L=5.1f"
—e— Observed

. Expected + 1o

---- Expected + 20

=
7

135 140 I
m, (GeV)

With full 8 TeV data, ttH(gg)
has similar sensitivity to bb (~5

x SM)
Combining additional channels

and full dataset, should reach < 2
x SM for the combined ttH limit

Using 10/fb, bb achieves an
expected limit of 5.2 x SM

Update on full dataset coming

30 CMS Preliminary ys=8 TeV L=19.6 fb™'

—— Observed

- Expected + 16

Expected + 26

O o o s o o
910 115 120 125 130 135 140 145 150
m,, (GeV)

o

“
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Events with 3 high-p; isolated leptons (e, u), large missing
energy, low hadronic activity.

. Pablo Garcia-Abia, LHCP
< WH > WWW > 38 3n .

-+ Signal (SM ZH, m, =125 GeV)

-8 TeV @ Data I L=130m"
"z " wz

uTop
.

-+ Signal (SM ZH, m =125 GeV)

Z veto and anti b-tagging to reject WZ and top events.

Events / 30 GeV
Events / 30 GeV

2 CMS prelimi
Cut- and shape-based analyses based O g2l T omenved preliminary 3
. ©0 --- median expected VH - 3I3v (shape-based)
on the smallest distance between S expectedt To L= 4.9 (7 TeV) + 195" (8 TeV) 0 MET > 90 GeV. _—
OppOSite-Charge Ieptons: ARe+e- :': expectediZc ) . 0 50 100 150 200 250 300 SSBE""":"DFGQ:/]E 50 100 150 200 250 300 SSOE’Y"«:?{JGE:IJSD
E shape analysis ‘ 1 2D sideband on:
a (24 024
- data 2z CMS preliminary d 10 = I MET—pT | /pT — Observed
— m=125 [ top & V+jets | _ 4 ° -
102 L=1951 X o A o(MET miss. )
Wwz OSSF\s =8 TeV jg ( ! P. T - Expected '
0 Not yet sensitive to ‘,1
standard candle: 4
ZH ZZZ 2‘64 V ATLAS Prelimina ~ Y :
110 120 130 140 150 160 170 180 190 200 ZHoInw) i .
Higgs mass [GeV] 0 At W‘H_'I 25 GeV, | vssTTey, H Lat=a.7i" -
o BR < 0.65 (0.84) \'s=8TeV, | Ldt=13.0fb
No significant excess of events. Observed inv: — : )
(expected) upper limits on a(WH)/o,, at (95 7oCL), obs.(exp.). ‘ ' ' BR(Hoi) '
0, . - B
the 95% CL: 3.3 (30) for my = 125 GeVv. a.david@cern.ch  Rencontres de Blois, May 2013 . \
- R
. -
N Small signal expected.
CMS Preliminary, Vs =8 TeV ‘
ttH Hadronic Channel . . ege e . .
+ Dol sitebancs Preform two analyses to maximize sensitivity, optimized for A

Control Sample leptonic and hadronic tt decays.
[ (125)

Not a significant excess observed, 95% CL upper limiton ¢

jet multiplicity
(ttH) x BR(H = yy) = 5.4 x SM, 5.3 expected, at m, = 125 GeV.

—— Observed

Expected + 1o
CMS Preliminary Vs = 8TeV L = 19.6fb™ CMS Preliminary Vs = 8TeV L = 19.6fb™ -
TTH leptonic channel —+ oaa 5 . Expected + 26

—— Bkg Model

leptonic M-~
0

120

Number of Jets

TTH hadronic channel — pata
—— Bkg Model

hadronic  m:~
O

420

Events/ (1 GeV)
Events/ (1 GeV)

[ vesmm, = 125 Gov [ vesmm, = 125 Gov

o o o e e o o o
115 120 125 130 135 140 145 150

m,, (GeV) 5 5




Events/(2 GeV)
g

2
3

&
3

L.ess sensitive channels

H-> 2y

Vs=7TeV,L=5.01fb"

(s=8TeV,L=19.6fb"

Electron + muon channels
—@— Data

—— Background Model /—
—— Signal m, =125 GV x 100 )
-1 L

[:20

110 120

30 10 130160 7 1
m,, (GeV)

s=7TeV-L

" cMS Prelimingry

L e e e
—— Observed

Vs=8TeVL=

- - - Median Expected
I Expected = 10

- \ Electron + mu

Expected = 20

T5 130 135 140 145

my (GeV)

Analysis strategy:
— two prompt leptons: Z>ee, Z>pp
isolated photon
dilepton-photon mass is the key observable

split events further into classes, based on “geography”
of leptons/photon and photon cluster quality

» different mass resolutions

+ different S/B-ratios
Background: fit using sidebands

Analysis features to note:
— very poor S/B-ratio

— very small event yield

— mass resolution = 1-2%

Results:

CMS (m,=125): p>10is excluded at 95% CL

ATLAS (m,=125): p>18is excluded at 95% CL

Points to note:
— need 100 times more data to reach 2o-sensitivity

Andrey Korytov (UF)

Tallahassee, 13 May 2013

H > uu (ATLAS only)

G=aTev,[Lat=207 "
Hop'y

Events / 2 GeV

'ATLAS Preliminary + oo ' 2 s

[ Single Top  [] W+iets

o ww Ce

0 W2zzwy [ Zeiet
[ H[125 Ge!

30710020 140 160

i
T80 500350 540 560
my, [GeV]

F —Observed

F ---Bkg. Expected
F mtlo

F O+20c

95% CL Limit on p

“FATCAS Preiminaly |

.
Hop'p
_[Ldt:zo] !
Vs=8TeV

Andrey Korytov (UF)

110 15 120 125 130 135 140 145 150

my [GeV]

Analysis strategy:

— two prompt muons: pu

— dimuon mass is the key observable
— Background: fit using sidebands

Analysis features to note:
— very poor S/B-ratio

very small event yield
— mass resolution = 2%

Results:

ATLAS (m,=125): p>10is excluded at 95% CL

Points to note:
— need 100 times more data to reach 2o-sensitivity

Tallahassee, 13 May 2013

Search for H—2Z7 Search for H— u u

T T T T T T T
imi -®- Data %4 SM (stat)
ATLAS Preliminary ® oo & = S
(s=8TeV,[Ldt=2071" @ ww O«
- 0 Wzzzwy [ Z+ets
Hop'w [ HI125 Gev

*Reconstruct Z—ll and photon
*Take mass difference between H and Z

Events / 2 GeV

.,H“.,.,.‘ ”Lo‘blselrvletli”
][ Ldt=4.6", Is=7TeV Expected
B+ 1o

+2c

—e— Data 2012

(H—2Zy)

H->Zy (m, =125 GeV,og,x20) Ldt=20.7 ", is=8TeV

Events/1 GeV

——Observed

---- Bkg. Expected
[IE2K

[O+20

det =20.71"
\s=8TeV

4

ATLAS Preliminary

vl b R b
SM

95% CL Limit on

¥
\s=8TeV, J-Ldl =20.7 fb, Zspp

., 8393 events

3‘5 - 40 4J5 5‘0 5‘5 6‘0

Am [GeV] bz imrpdmimey
130

T T I T
clnn bl b b b

TTTT

n
o
w
o
95% CL limit on 6(H—Zy)/c,

Data/SM

1

135

140

t

145 150
my, [GeV]

Observed limit at M=125 GeV is 18.2 x SM cross section
(95% CL)

T T T T T T T
AN NN FERTS FEES FENE SN

b chyspnepdepmmyeedepnepoed

yy barrnmgebgepaepdep ey depaepasbany ey Ly
110 115 120 125 130 135 140 145 150
my [GeV]

m,, [GeV]

Observed limit at M;=125 GeV is 9.8 x SM cross section
(95% CL)

13/05/2013 Andrew Mehta, ATLAS SM Higgs LHCP2013 13/05/2013 Andrew Mehta, ATLAS SM Higgs LHCP2013




Total weight

Overall diameter 15 m

Overall length

A\

Pixel
Tracker
ECAL

HCAL
Muons
Solenoid coil

12500t

ECAL 76k scintillating

21.6 m PbWO, crystals

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

MUON
ENDCAPS

HCAL Scintillator/brass
sandwich

4T Solenoid

IRONYOKE

Pixels & Tracker
- Pixels (100x150 um?)
~ 1 m?
66M channels
-Silicon Microstrips
~210 m?
9.6M channels

MUON BARREL
Drift Tubes (DT) and
Resistive Plate Chambers (RPC)




@ATLAS

EXPERIMENT

Detector Overview

Multi-purpose, high resolution and hermetic detector
Magnets: Central Solenoid + 3 Toroids
Tracking: Silicon, Transition Radiation Tracker

Calorimeter: EM (LAr), Had Cal

Muon: Trigger + Precision chambers

Object Reconstruction
* |eptons (e, y, T)
* photons

* jets

e b-jets

e Etmiss

ATLAS detector upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter ;’1

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

page 2
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ATLAS Preliminary

Vs=7TeV: [Ldt=4.6-4.8fb"
Is=8TeV: |Ldt=13-20.7 fb"

—H-—>yy + Standard Model
. —H-2zz2" 54 X Bestfit
N —Howw vy — 68%CL
H— 1t === 95% CL

VS, ' 2y

U(VBF+VH) / U(ggF+ttH) = 1.2 (+0.7,-0.5)
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LHC in 2015

Potential performance

Number of Ib Collimator Emit Peak Lumi Int. Lumi
bunches LHC scenario LHC (SPS) [cm-2s1] [fb1]
FT[1lell] [um] |
S1 21 24 \ ﬂ b4

25 ns 2760 1.15

25 ns
low emit

3.5(2.8)  9.2e33
2320 1.15 S4 1.9(1.4) 1.6e34 43 42

1.7e34 76
50 ns 1380 : 2.3 (1.7) level level ~45*
0.9e34 40

50 ns

. 1260 : 1.6 (1.2) 2.2e34 108
low emit

6.5 TeV All numbers approximate

1.1 ns bunch length

150 days proton physics, HF = 0.2
70 mb visible cross-section

* different operational model — caveat - unproven LHCP 2013

Sergio Bertolucci cern
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Shut down to fix
interconnects and
overcome energy s | § § g o { overcome beam
limitation (LHC intensity limitation
incident of Sept A (collimation,

2008) New Cryo P4,...)
3.0E+34 | %2 Inj. upgrade

® Luminosity ® Ultimate luminosity = es==Integrated - nominal  emsmwIntegrated - ultimate Shut down to

2.5E+34

2.0E+34

Luminosity [cm2st

ted luminosity
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Higgs decay modes and searches in 1975:

100F

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva
From I, Ellis @ 2011

Higgs Hunting Workshoyp
O TEe—

Received 7 November 1975

] Y | i T T ] M, <07 Mev
l Mﬂ "mm" l | '“ Mj % excluded ;y neutron -electron scattering

( 5 W T {

K ‘”ﬂ’lmmr .
l ‘\}\ Wl ﬁ?’mmnnr'r*
W T
, Non Strange
i

A e range
Q\ﬂil]'/' "Uulm-i. | L.LJUSM\JM I

74 excluded by neutron -nucleus scattering

7| accessible in 37-31.H decay?

500 MeV <M <1500 Mev
accessible in moderoto
| energy (u'w) experiment 2?

7 1500 MeV <M, <4000 MeV
! accessible in" pp-(uu)eX
/ at high energies ??

&

- 3 5
Wy, e, KK, thresholds  New particle threshold 10 300 LY 3000 10 3-10° 10

Higgs Boson Mass (MeV) \ - Higgs Bosun Mass (MeV) N 2
—— 3 eV

e A ——
We should perhaps finish with an apo]ogy’:md a caution. We apologize to?x-
perimentalists for having no idea what is the mass ot the Higgs boson, unlike the
case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For_these reasons we do not warnil to encourage
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.
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Determining Spin and CP Properties

e The determination of the spin and CP properties of the new boson
relies on the study of angular (and invariant-mass) distributions from
the X = ZZ* - 4] , X — WW* — 2£2v, and X — 2y decays.

- For a SM Higgs boson (a scalar, JP = 0+), the decay angles are independent of

the production mechanism
- For a vector (JP = 1-) such as some exotic Z' or axial vector (JP = 1+) the differential

cross sections depend in no-trivial ways on Z production angles

- For a spin 2 tensor (JP = 2+) or pseudo-tensor (JP = 2-) many different
models are possible ( graviton-like or couplings to ZZ energy-momentum tensor with
non-universal graviton-like coupling to avoid existing exclusion constraints)
( see e.g. S. Bolognesi et al., Phys.Rev.D86 (2012) 095031 )

- The X production mechanism (e.g. fraction of gluon-gluon vs g-gbar induced
production, etc.) can in general play a role (via initial state polarization scenarios

for J=1,2; spin correlations, ...)
- The new boson is of course not necessarily a pure spin-parity state ... there could be
coupling mixture etc. ... or the couplings can conserve P and CP while the X is not

point-like so that couplings to the Z are affected etc.

« Any deviation from the predicted quantum numbers or couplings
of a SM Higgs would have deep ramifications for particle physics

Y. Sirois - LLR Ecole Polytechnique & CNRS
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