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The Large Hadron Collider (LHC)
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¢ 27 km circumference, 100 m underground

¢ Two proton beam in parallel pipes, rotating in

opposite directions

¢ Dipole field increases from 0.54 T to 8.3 T in
about 20 minitues. Protons are stored for 10 —
24 hours

¢ 25 ns bunch separation, 23 pp collisions per
bunch crosing @ 10**cm™s™

ATLAS and CMS: general
purpose detectors

ALICE: heavy ions
LHC-B: b-physics
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ATLAS and CMS detector
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To claim a discovery, it is important to have 2 independent
experiments giving consistent results !



Tracking and calorimetry
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Higgs mechanism in a nutshell

The local gauge invariant Higgs (¢ ) Lagrangian is
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with the Higgs potential defined as
Vib)=—1"d' o+ (d' b))

which has a minimum at ¢=uv/ J2 =y u?/2n. Make the substitution:

L,= b
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v+ h(x)

b by +id, 1
b’ ba+idy, V2
1, ¢, and P4 become the Goldstone bosons in the Lorentz gauge — absorbed

into the longitudinal polarizations of the three weak bosons in the Unitarity
gauge. Electroweak gauge symmetry is broken, and Higgs field aquires a mass:

b=

V4

-1/2

m,=v2xv, v=(J2G;) =246 GeV

Thus, Higgs mass is not predicted in the Standard Model
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Higgs production modes

Higgs couplings to fermions and Higgs production channels at LHC:
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95% CL Limit/SM

Bounds on the Higgs mass as of June 2012
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The paper for the discovery

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP-2012-218
Submitted to: Physics Letters B

'?';
§' Observation of a New Particle in the Search for the Standard
% Model Higgs Boson with the ATLAS Detector at the LHC
2
&
é W0 150 The ATLAS Collaboration

m., (GeV)

201112 5=7-8 lav Abstract

A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector
at the LHC is presented. The datasets used comespond to integrated luminosities of approximately
48! collected at 3= 7TeVin 2011 and 5.8 fb~! at y= = 8TeVin 2012. Individual searches in the
channels H— ZZ¥— 4¢, H— yy and H— W) = evuv in the 8 TeV data are combined with previously
published results of searches for H— ZZ), W), bb and r*r in the 7 TeV data and results from
improved analyses of the H— ZZ*'— 4¢ and H— yy channelsin the 7 TeV data. Clear evidence for the
preduction of a neutral bosen with a measured mass of 126.0 + 0.4 (stat) + 0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, comesponding to a background
fluctuation prabability of 1.7 10-%, is compatible with the production and decay of the Standard Model
Higgs boson.

arXiv:1207.7214v1 [hep-ex] 31 Jul 2012

Both ATLAS and CMS submitted the discovery papers on July 31, 2012. ATLAS
result is published in Phys. Lett. B176, 1 (2012)



Higgs decay channels

Braching ratios for a Higgs mass 8
of 125 GeV: s s
channel BR 5
S 10

bbar 57.7% @

WW 21.5%

T 6.3% 10'25
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* bbar: highest BR, but suffers from bad mass resolution and large QCD
background

* WW: only the dilepton decay modes are useful at low mass, and can
not reconstruct the mass

* TC. bad mass resolution (MET used), high signal efficiency (all final
states are used: 11, 1h, hh)

* ZZ and yy: low BR, but good mass resuliton. Very low background for

7.7 and powerful S/B shape separation for yy
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H — yy candidate event (ATLAS)

& EXPERIMENT

iun Munmber: 2037 04, Evenk Mumaer: SBRB2514

Cabs: 2012-05-235 22:19:28 CEST
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Both ATLAS and CMS have found a 4-lepton excess, and the

Maximum lcoal significance: 3.60 (3.26) for ATLAS (CMS)
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mass is consistent with the one found in yy channel !
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H—- 77 - 2e2 candidate event
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Events / 10 GeV

H-WW - 2[2v

@ The first proposal on WW at Tevatron by T. Han and R. Zhang in PRL 82, 1999
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H-WW - 2]2v
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Combination of 3 channels at ATLAS
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Combination of 5 channels at CMS

o) Te
= 1
g 10
Q_‘IUEE
. 30
c} 10 4c
‘IOEE ---------- \y j
. 5G
107
10 8 D Eom?ine;lmnllj-s. u‘.“
=mm= Exp. foOr S 6
10° H — bb —— 0
10 ME|=—H=r1t CMS Preliminary
HEl— E:{ﬁ;’w s=7TeV.L=5.1fb"
10 o 7 s=8TeV, L=5.3fb'
"I(]-IEI——lllll_I:..l||||||||||||||||||||||——|_Illr‘:j

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

With a 5-channel combination,
CMS reaches a local
Significance of 4.90

95% CL limit on 6/,

The discovery is reflected by the
inability to exclude a Higgs at
~125 GeV in the mass landscape

10_ T T T T T ' T T TTTTTTTTTTI """'lllllllllll_
- CMS Preliminary —=— Observed -
[ {s=7TeV.L=5.1f"  |&== Expected (68%)[]
[ {s=8TeV,.L=53fb"  |— Expected (95%)]]
.
10" - =
: 1 1 1 1 1 1 1 1 1 | L1 1 1 1 1 111 | 111111 II| 11 1 1 | || :
100 200 300 400 500

Higgs boson mass (GeV)

17




The July 4th Higgs discovery
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Higgs coupling strengths
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Low mass SM Higgs + 2jets

Wisconsin Pheno (D. Zeppenfeld, D. Rainwater, et al.) proposed searching

for a low mass Higgs in association with 2 jets plus central jet veto

@ Central jet veto is initially suggested by V. Barger, K. Cheung and T.

Han in PRD 42 3052 (1990)

Tagging
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Ol | o
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Central Jet Veto

rl Higgs decay
products

Very powerful to suppress the color-exchanging QCD
backgrounds. Best suited for H—tt and H - yy
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VBF category in the yy channel
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The S/B ratio is much improved w.r.t. inclusive search (see slide 10)



H — TT channels and objects

: Common object selection
Pre-selection

l+4y Exactly 2 leptons with opposite signs |
30 <m <75 (100) GeV for ee/pu (ey) p. > 15 GeV, |n| < 2.47 with
crack excluded

Electron

Exactly 1 lepton and 1 hadronic t Calo and track isolation
p. > 25 (20) GeV for e (u)
+ T
Ih+3v Di-lepton veto Muon
m_< 30 GeV p.>10GeV, [n[<2.5
Exactly 2 hadronic taus Calo and track isoltion
p._> 35 (25) GeV for the leading
+ ! : '
hh+2v (subleading) tau Hadronic tau
Single lepton veto p.>20GeV, |n[<2.5
1 or 3 tracks (prongs) in AR<0.2
T-hadron Multivariate BDT for ID

Jet

p.>25GeV, [n[<4.5
AntiKt4 jets, |JVF| > 0.75if [n| < 2.4
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Categories, MET cut and mass

lh

hh

2-jet VBF (p,>40,25)
2-jet VH (p,>40,25)

2-jet VBF (p,>40,30)

2-jet VBF (p,>50,30)

Boosted: p_, >100

Boosted: p_, >100

1-jet inclusive (p.>70)

1-jet inclusive (p,>40)

1-jet inclusive (p.>30)

O-jet inclusive in

O-jet exclusive (p_<30)

ep channel
MET>40 for SF MET>20 MET>20
MET>20 for DF
MMC MMC MMC

All categories are mutually exclusive

All 3 channels: use Z - yp data to simulate Z - tt background
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Events / 5 GeV
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Final mass distributions (VBF and boosted) q@‘“‘i
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95% CL Limit on GIGSM
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The largst deviation of observed from expected limit is in the
2lep channel
The best fitted signal strength @ 125 GeV: p=0.7 £ 0.7

The lower combined H - Tt rate is consistent with CMS
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H - TT - ep+4v candidate event **

A EXPERIMENT

Run Number; 209381, Event Number: 72873013
Date: 2012-08-28 04:17:18 CEST

o

28



The channels we are adding: 21+h and 31+h

%* Adding the 2l+h and 3I+h channels for the VH production of Higgs:

q y -~ q y o —lh
/ /
/ /
-'\/m -'\/EM—HH
q WLl g z N
% These channels can be even more interesting in the context of MSSM

or 2HDM, with possible double Higgs production modes and sensitivity to
new physics:

q hH ~ q hHA ’
/ Y.
/ /
-'\/m -'\/m
q i q H*

An exclusion limit of ~10xSM has been reported by CMS
with the 2l+h channel 29



H — bbar

ZH — vvbb WH — (vbb ZH — (*("bb
O lepton 1 lepton 2 leptons
2 b-jets 2 b-jets 2 b-jets
2 or 3 jets 2 jets no Njet requirement
MET > 120 MET > 25-50 MET < 60
40 <m_<120 83<m <99

3 binsin p_(2)

5 bins in p_(W)

+
w* =l

“\Ha —bb

5 bins in p_(2)

7% -
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Events/10 GeV

To validate the bbar decays of
diboson background, subtract
all other background from data
except diboson — we have
confidence in signhal modeling

Statistical results 3 }mﬂ;
/N

00 ATLAS Intemal A SM Higgs in bbar decay is
= [Laerson' 3ot BWH 125GV - excluded for 1-2xSM rate.

SGD;_J dt=4.715", (5= 7 TeV B ZH 125GeV E

200r- " +Data-Bkgd ] The fitted signal strength
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Does Higgs couple less to down-type fermions ?

32



Updated ATLAS Higgs signal strengths (1)

Higgs Boson | Subsequent Sub-Channels ] L_L:r Ref
Decay Decay [Th™"]
2011 +fs =7 TeV

H— ZZ™ 4¢ (de,2e2u, 2u2e, du) 4.8 [ 1]

H — vy — 10 categories {pr; @ 13, ® conversion} & {2-jet] 4.8 [1]
TlepTlep leu} @ {O-jet} & {0} @ [ 1-jet, 2-jet, prrr > 100 GeV, VH} 4.6

H o TlepThad le. u} @ {O-jet, 1-jet, pT > 100 GeV, 2-jet} 4.{":: [4]
Thad T had {1-jet. 2-jet} 4.6
Z — vy ET"™ € (120 = 160, 160 — 200, = 200 GeV} @ {2-jet. 3-jet] 4.6

VH — Vbb W — (v p¥ e {< 50,50 - 100, 100 = 150, 150 = 200, = 200 GeV} 4.7 [5]
Z— p1 € 1< 50,50 — 100, 100 — 150, 150 — 200, = 200 GeV} 4.7

2012 s =8 TeV

H— ZZ'"™ 4¢ {de,2e2u, 2u2e, du) 5.8 [ 1]

H— yy — 10 categories {pr ® 13, ® conversion} & {2-jet] 59 [1]

H— Ww eviy {ep. e} ® {0-jet, 1-jet} [13\  [6]
TlepTlep [£6) @ {14jet, 2-jet, prer > 100 GeV, VH:- 13

H e TlepThad le.u} @ {O-jet, 1-jet, pT > 100 GeV, 2-jet} 13 [4]
Thad T had {1-jet. 2-jet} 13
Z — vy ET™ € {120 - 160, 160 = 200, = 200 GeV} @ {2-jet. 3-jet] 13

VH—Vbb | W— (v  pf el<50,50- 100,100 - 150, 150 — 200, > 200 GeV} 13 [5]
Z— p,Z[ € {< 50,50 — 100, 100 — 150, 150 — 200, = 200 GeV } I’%

Updates since ICHEP 2012 for HCP
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Updated ATLAS Higgs signal strengths (2)

: It

Higgs Boson Decay . .

| | ] | | | £g (mp=126GeV)
Lmy, = 126 GeV
ATLAS Preliminary ™ T o0 =08
W.ZH-—bb | H — yy 1.8 £0.5
‘JE=?TE"-.": Ldt:#.?fl:l_ S E p—rY]
E=2TeV: |Ldt=13 0" i H—- WW .4 £0.6
E'=TL§L=4_E . i H— 7 0.7 £0.7
5 =8 TeV: [Lijsrb" . VH — Vbb -04+1.1
H—WW' = viv ;
E=8TeV: [Ldt=13" e
Hoyy The signal strengths are
E-aTev: lL{Elt}:S:be'l not commensurate among
H— 7/ 4 ; :
B rot fLan o | different channels
fs =8 TeV: |Ldt=5280" ;
C{Jmhi[ned =13x£0.3 ]
4= =7 TeV JLdt =45 - 4.8 fb! | . . .
-8 Tev: La=58-12m" :+ Combined fitted Strength IS
| | | | | | — 12+
10 3 H=13%20.3

Signal strength (u)
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Implication of a light Higgs

arXiv:1205.6497

010 | I I I I I I I I I I I I I I I I
008l M, = 125 GeV ;
ot 3o bands in
The running of Higgs 3 o008l M, =173.1£0.7 GeV
quartic coupling A = l (M) = 0.1184 + 0.0007
= L
B 0041 -
: _
L= L
. . N T 002f -
Higgs potential positive — g :
. 2 - N, T~ M =171.0 GeV
vacuum stability éﬁ 0.00 VLT Skt
: NG (M) = 01205 -
Expect new physics at high ~0.02} Sl au(Mpy= 01183 T
_isi 2 l A
energy scales —is it SUSY ~ ol M= 1753Cev ]
102 10* 108 108 101 10!z 10 10 1018 1020
RGE scale y in GeV

35



m_o [GeV]

The top channels

Direct stop pair production.

Assuming 100% BR of stop - top+LSP
for heavy stop (>200 GeV), and 100%
BR of stop - by, - b+W+LSP for light

stop (<200 GeV)

f, production: T, b7, ;> W'+, (BR=1, m, <200 GeV) f- 1] (BR=1, m, > 200 GeV)

200 = ATLAS -~ Observed limits (-1 sp'or [ b+;‘( )‘(-» wh +x (m; <200 GeV)
- 1 — Observed limits (nominal) = 2epton (m..= 105 Gev)
- .[ Ldt=47f \s=7 TeV ---- Expected limits (nominal) — inepons s (m.. =106 GeV)
180 L 1/2-leptons + b-jets (rn 2xmo)
- Status: September 2012 All limits at 95% CL 7
- (T (m; > 200 GeV)
1 60 — // / [) lepton
: 5 e / —— 1-lepton
— & / -9 B 2-lepton
. >
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b

1
'
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e

0 | ’, ‘\!\\‘\\\:\
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mf1 [GeV]

= T
> 600 CLg 95% C.L. limits. gdsy not included.
% - O-lepton,>6-9jets  [L, =5.8fb",8Tev] ~~~ Expected
sz ATLAS-CONF-2012-103 — g)?s:é\t/gg
500 | ZSSiopons, > djets L, =587, 8TeV] — Observed
Xpecie
gr)Ei)v:l1e2tOs7.4686 (L, = 4.7 107, 7 TeV] ObZerved
400

g-g production, g— tfio
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ATLAS Preliminary
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Gluino pair production with
gluino — ttbar+LSP:
4 tops + 2 LSPs in the final state
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m, , [GeV]
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MSUGRA/CMSSM: tanf = 10, A =0,u>0

The generic modes

MSUGRA/CMSSM: tanf = 10, A =0,u>0
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YV

The electroweak modes > IS

Numbers give 100-CL[%] exclusion values

V-
AN

600 T T T T I T T T T | T T T T ;‘ 300 T T T T I L L | T 1T 1T 1 susy
B - ——— Observed limit (+10,,.0) @ - - ———— Observed limit (1o, ;")

- ATLAS Preliminary | = Expected limit (ﬁc‘:xp)w O, - ATLAS Preliminary | "7 Expected limit (+1a,,.)

500 — J- Ldt=13.01b", \s=8 TeV ATLAS 4.7 b, Vs = 7 TeV £ 050 - J- Ldt=13.015", is=8 TeV | ATLAS 4.7 b, {s = 7 TeV
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2”1 2™
Intermediate sleptons Intermediate gauge bosons

* The electroweak modes becomes important if the gluino and squark
masses are very high

* Final state is 3 leptons + large MET with very few jets

% Dominant background is WZ. The top is the sub-dominant
background — require b-jet veto or on-shell Z- Il to suppress top



MSSM neutral Higgs

} _I T TT | T T TT | T TT | TTTT | T TT | T T TT | T TT I_
3 I e T b-tagged selection ]
& 120 ® Data 2011 -
» C my=150 GeV, tanp=20 7
E 100+ [ —
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80 Y Top __
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60~ HH Bkg. Uncertainty ]

B ATLAS Preliminary ]

40— » —

- Lot =47fb .

201 -

50 300 350
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The neutral MSSM Higgs is carried
out in 4 search channels:

HY, e, Ilh and hh

Explored 2 important regions

@ b-tag vetoed region —» gg fusion
@ b-tagged region —» bbar associated

} _I T T | T TT I T TT I T TTT I TrTT1T I T T 1T I T TT |_
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Charged Higgs

ATLAS Preliminary
—=— Observed CLs Data 2011
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ATLAS SUSY Searches” -

95% CL Lower Limits (Status: HCP 2012)

"""""""""""""" MSUGRAICMSSM : 0lep 4 ['s + E, ... [Ieamisusrenatoas conesomatsi [ kv gogmass | 0T o
MSUGRA/CMSSM : 1 lep +[s + E, . |L=581b" & TeV [ATLAS-CONF-2012-104] 1.24 TeV q g mass
. Pheno model : Olep +j's + E, .. |£=581b" 6 TeV ATLAS-CONF-2012-108] 148TeV g mMass (mig) =2 Tev, Ilghtx 3 ATLAS
2 Pheno model : 0 lep +J's + £, . |(=581b" & TeV [ATLAS-CONF-2012-108] 138Tev G Mass (n(g) <2 Tev, Ilghl;( ) Preliminary
E Gluino |‘|‘1»EH:I_._;)';i (ﬁ—)qﬁf) Tlep+js+ Er as g mass {m{x j = 200 GaV, mif ) = —{m{_‘g J+mig))
& GMSB (| NLSP) : 2 le SDS} +s+E, L. g Mass ftang < 15)
o GMSB (TNLSP):1-27+ Iep+|s+E gmass (tang > 20)
E GGM (bino NLSP) :yy + E I'.méas ‘ij mass {m{iﬁ'j}sn Gev) jl'_df =(2.1-13.0) !
s GGM {wina NLSP) ;v + lep + Er e g mass ' :
== GGM (hlggslno—blnﬂ NLSP:I T+ b+ E as g mass {m{?{ § = 220 Gav) "E = ?I 8 TeV
GGM (higgsino NLSP) : £ + jets + Er ese  |L=5.8107 8 TeV [ATLAS-CONF-2012-152] 630 GeV g MAass {miH) = 200 Gav)
_________________________________  Gravitino LSP : ‘monojet’ + Ey . |£=i0/515" 8 TeV IATLAS CoNF 2612-447] ssGav. F° scale_ (niG)> 10" av)
o g—)bb (virtualb) : Olep + 3b's +E; .. L=12.8 1", 8 TeV [ATLAS-CONF-2012-145] 124 TeV mass {m{x I = 200 Gav)
e Gty (virtyall) : 2 lep (SS) +'s +E, ., [L=5815% 8 7aV [ATLAS-CONF-2012:405] #S0GEV. §mass (mii’) <300 Gev] P
g e —-‘*“X (virluall) Blep +js+E, . [t=1301" 8 Tev |ATLAS-CONF-2012-151) 860 GeV g Mass (miz,) < 300 GaV) €V resulis
T3S §—>tix_‘_gwrtualt) 0 lep + multi-'s + £, .. |E=58167% 8 eV [ATLAS-CONF-2012-403] 16078V § mass (i’ ) < 300 GaV) _
o gty (virtualt) : 0 ..[EP..T'.‘..3..'.2H.$..‘.'T.E.rm5.. L=12.810", & TeV [ATLAS-CONF-2012-145] L 15TV 'EI mass {mfl )< 200 GaV)
P bb b.=b Dlep+2 b-jets +E, ... b mass (mi" 1 < 160 Gal)
=5 bb b _;tL 3 Ir-_'p +j's +E L, |L=130178 TeV ATLAS-CONF-2012151)  _ 405 Gav b mass (miz)=2miz )
38 {\rery Ilgh1] l—)bx (2leprEL L tmass (i < T0Gev)
7 = _ (Ilghl] l—)bx _0'1 12 Iep +bhejet+E, . [t=47m" 7 Tev (1209.2102) 123-167[680 { mass {_111[;{ )= 55 Gev;.
g E. tt_@:nechum} 1—) 2 lep + b-jet + Er meas | L=AT BT Te [1209.4186) 298-305 Gev | mass imi = ]
=98 it (heavy), 1ty 1 1lep + b-jet + £, ., [t=471",7 Tev 11208 2500) 230-440 GeV | t mass (mie, 2=0)
&5 i (heavy), t—}t,’{ (0lep +bjet + B, . [t=47 1077 Tev [1208.1447) :muss:- tTmass {m{-,{ J =)
....................... it ..(E?IH.@.‘..@M?EL..ZH !;;l)..'.'..?:!ﬁ?..f..? .. | T U T [ G5 Tmass (11s<miz’) <230 Gev)
_ _ |L|L, |_;|;5’ 2lep + Er e |L=47 1877 TeV [1208.2864] [ESHEEGEEY | mass {m{x ) =0)
=8 —)I\.r JIVE D 2lep + Ey . |L=47 7.7 TeV [1208.2884) [ 10340 Gev | x mass {mii) < 10 GeV, mi) = FmEE, )+ mez )
W L_».(;ILI IvI I vv -3 lep +E L=13.018", & TeV [ATLAS-CONF-2012-154] ,-.mr.;w X, mass {m{x|3 ”’{I.J m&f,_g m{wjas above)
___________________________________________________ 1 Z...X ....!3'..|.‘.3‘F.’..'.'7.E.rm_a§.. L=13.01b". 8 TeV [ATLAS-CONF-2012-154]  140-295 GeVf x mass (mii )= muzj.mu'J = 0, skeptons decoupled)
o Direct Ly, p:élr prod. { AMSE} long-lived ¥ x mass (1 <1z < 10 ns)
2 & Stable g_R hadrons : low B, By (full detectari g mass
_é, % Stable t R-hadrons : low 3, By (full detector) - tmass
sa GMSB : stable T TMass (5 < tanfi < 20) ) )
_______________ x 7. aqu (RPV) : it + heavy displaced vertex QMass (03107 <h;,, <1507 1 mm < 1 < 1 m, g decoupled)
LFV : pp—V_+X, V_—e+u resonance V., Mass (i, =010, 4,005
LFV : pp—=V. +X v —)e{j.L]I*-t resonance famﬁss {23,,70.10, 4, . =0.05)
Z-E‘E Blllnear RPV C_I'glé Tlep+Tis+Ey q=q mass {ET < 1 mm)
g i J _;.Wx x_’—zeev eHv_ tdlep + B, |L=1301b", 8 TeV [ATLAS-CONF-2012-153] 700 GaV f1 mass (miz ) 300 Ga'l." dpggarh ;= 0)

LL,I—:-I;)( x—zeev emr 4IEp+Erm5

calargluon L2 Jet resonance pair
WIMP interaction (DS, Dirac y) "'monojet’ + £
5

................................................................................................... T.méss | | | L]

1=4.6 107, 7 TeV [1210.4828]

L=13.01b", & TeV [ATLAS-CONF-2012-153]

L=10.51b", & TeV [ATLAS-CONF-2012-47]

s306ev | mass {m{x ) = 100 GaV, m{L._.J—m{le—m{I[J hggrhg, > 0
§mass
PGEEETEEW sgluon Mass (incl limit from 1110.2693)

704 Gev M 80 Ga, limit Df = EBT GeV for

| ] L1 Illlfmle{m{l ] III'TE: ] ]

22

10

“Oinly a selection of the available mass limits on new states or phenomena shown.
All limits guoted are observed minus 1o theoretical signal cross section uncertainty.
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The “prospect” for SUSY

% So far, no evidence from direct SUSY search channels.
Gluino/squark mass of ~1 TeV, stop mass of ~400 GeV, and chargino
mass of ~250 GeV are excluded

* The non-standard SUSY scenarios ("hidden modes”) are also
possible:

@ R-parity vialating SUSY - lead to low MET

@ GMSB scenarios — long-lived charged sleptons or R-hadrons

@ Compressed scenariso — sparticle masses are highly degenerate. Use
ISR jet to trigger the event. For example, soft leptons + mono-jet

@ Lower cross section — Dirac gluino

@ Sparticle mass > 10 TeV ?

* However, care should be taken as many of the results have
assumptions (e.g., branching ratios, particular mass hierarchy). Search
should continue in all aspects, including the "hidden modes”
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Events

Significance

Events

Q*, W, Z'

. ' ATLAS Preliminary |
10° —eo— Data -
S — Background 3
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- [Ldr=13.0 " 7
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oF .
-2 =

L | L I | L
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Z'—pp Search Ozv
Ldt=6.1fb" [Diboson
B
's=8TeV []Z/(1500 GeV)

| 1Z/(2000 GeV)

2000
m,, [GeV]
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SERENRRRRERERE
= e data 2011
FATLAS \s=7TeV wz

' =z
-1 +
J Ldt=1.02fb" =il _
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L
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Events /0.2 TeV

Data/SM

Lepton pairs / 10 GeV

W_, leptoquark,

I Ldt=211" Vs=7 TeV

-o-Data (106 entries) -

W Z+jets 3

Il Fake lepton(s) —
Diboson

M Top

Background uncertainty

—LRSM 3
m,, =15TeV,m,=08TeV 4

W_ -2l 2jet

20

10 [ =

o —
0.4 1.4 6§ 18 2
4 F E =
3 | : -
2 z / .
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my, [TeV]
80F L B B B L B B &
: ATLAS +-Data2011 3
g Lot =47 fo" [L]Non-prompt. 3
605— Vs = 7TeV [ Charge flips E
50E- et [ ]Prompt E
- * H [ JH™ 250 GeV
WF H* HE* 300 GeV
30 ;—+ + [JH™ 350 GeV
r t+ ]
M [JH™ 400 GeV
10F ! =
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m(e"ut) [GeV]

Events / 20 GeV
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w

Events/bin
o o o o - S o
A &) ) L, = o ™

3L JADD, GRW, M, = 3.0 TeV

extra dimention, H™ ...

Trrr T
QLQ—eejj
Ldt = 1.03 fb”
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QCD
Il Diboson
— LQ (m=600GeV)
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Summary for Exotics

Wy

”

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

IIII| [ [ T TTTT
My, (5-2)

Large ED (ADD) : monojet + E,
Large ED (ADD) : monophoton + E, Mg (8=2) ATLAS
% Large ED (ADD) : diphoton e:&dilepton, M,y M (HLZ 5=3, NLO) Prefiming
,g UEI13 : diphoton + £, .. Compact. scale R | v
= S'Z, ED : dilepton, m, My~ R
g RS1 : diphoton & dilepton, m,, ,, Graviton mass (k/Mg, = 0.1)
5 RS51: ZZ resonance, my, Graviton mass (k/My, = 0.1) y
© RS1 - wWw rE!SDI‘IEiI"IC.‘E, My Graviton mass (k/Mg, = 0.1) Lot =(1.0-13.0) fb
3.{. RS gHK_)“ (BR—GQZS) = |-‘"JE.‘tS,m1 — gKK mass "E -7 8TeV
Ly ADD BH (M, /M,=3): 88 dlmuonrr@ch_ pat, My, (5=6) :
ADD BH (M., /M =3) : leptons + jets, Lp M, (5=86)
Quantum black hole : dijet, F (m Mg, (5=6)
....................................................... ticidje] GORECE Interaetion = S ) A
G qqll Cl : ee &, rﬁu A {constructive int.)
uutt Cl : S5 dilepton + jets + £, A
..................................................................................... Z{SSM)mHW — — o
Z'(SSM) :m., |L=471b",7 TeV [1210.6604) 14Te¥ Z' mass
S W' (SSM) My, |L=47 07,7 Tev [1200.4446) 255 eV W' mass
W (—tg, g =1) :mm L=4.7 b7, 7 TeV [1209.6503] 430 GV W' mass
W, (— tb, S%M} 1M (=10 17T eV [1205.1018) 113 TeV W' mass
__________________________________________________________________ Lo [L=47 177 TV [12004446) 24zTeV. W' mass
Scalar LQ p : kin. vars. L8V [L=10M™, 7 Tev [1112.4528) s60Gev T gen. LQ mass
g Scalar LQ) pair (5=1) : kin. vars. in ppjj, wv)j |L=1.om’, 7 Tev [(1203.3172) g856ev 2" gen. LQ mass
Scalar LQ pair (B=1) : kin. vars. in 71jj, Tv]] |L=4.7 "7 TeV [Preliminary] 538 Gav 3" gen. LQ mass
B 4 mgenerahantt'—)WbWb LA 7 TV 329080701 SRR o
?‘E 4" generation : b'b{T Tog)— WOt [L=4.7 1™, 7 TeV [ATLAS-CONF-2012-130] 670Gev | Db' (T, ) mass
= Mew quark b’ : b'B™— Zb+X, m L=201b", 7 TeV [1204.1265) 400 GeV | b' mass
g Top partner : TT — tt + A A (dilepton, Mm‘j L=4.7 f”, T TeV [1200.4186) 483GeV| T mass (m{A, ) < 100 GeV)
1) Vector-like quark : CC,m,, [L=481b7,7 TeV [ATLAS-CONF-2012-137] 142Tev. VLQ mass (charge -1/3, coupling x g, = v/mg)
2 ____________________________________ — Vlka'gt g |L=46 1", T TeV [ATLAS-CONF-2012-137] 108 Tev  VLQ mass (charge 2/3, coupling k = v/m,)
= XCI guar . a* mass
e g Excited quarks : dijet resonance, ;'5; q* mass
L= Excited lepton : -y resonance, m I* mass (A = m(l*))
........... fachnifad s'"{[é"i"ﬁ]i":"a'i'l'éb'ﬁ:}ﬁ;'ﬁi'e;,; oo, mass (m(p.Jon) - () = M, )
Techni-hadrons (LSTC) : WZ resonance {\-’l”),mrlwz p_ mass [mrlp } =m(1-|:_r} +mw,m|'la-r} =11 mtpT}J
& Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W_) = 2 TeV)
= W (LRSM, no mixing) : 2-lep + jets W mass (m(N) = 1.4 TeV)
O H™ (DY prod., BR{H™=ll)=1) : S5 ee (uy), m H* mass (limit at 398 GeV for )

H™ (DY prod., BR{H"—>ep)=1) : SS ey, m|
Color octet scalar : dijet resonance, m;,

H* mass

Scalar resonance mas:
| ] I I I ] L 11111

10

*Only a selection of the available mass limits on new states or phenomena shown
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Summary and outlook

* We have found a new Higgs-like particle with mass around 125 GeV
* The properties if the particle are not fully known

@ All Higgs decay channels seems to agree with SM so far

@ There is a tendencay that yy is a bit high, and tt and bbbar are a bit
low. We need to analyze more data to shrink the error bars

@ The decay width, spin and CP are not determined yet

%* Searches for SUSY, including MSSM Higgs, are null

# Searches for Exotics (g%, Z/W', leptoquark, W _, extra dimentions, ...)
are null

For experimentalists: more data and higher energy (14 TeV 2014)
For theorists: constraints and new models based on the current results

stay tuned for more exciting news from LHC !
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L.HC timeline

-2012 End of December : Reach 20-25 fb-l/experiment
-2013-2014 : LS1

Injection and _

Consolidation of the collimation Ultimate LHC HL-LI_.Ilc
o " Run at 6.5 to 7 TeV upgrade To ~300fb+* 3 ab
interconnections To ~100 fb

LS1 LS2 LS3

[ I
[ I
I I
I I

2020 2021
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Backup Slides
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Higgs decay width

0% L TE)[GeV]

0 _ Higgs width

[,~0.5TeV > my;

50 100 200 500 1000
M, [GeV]

The Higgs decay width increases dramatically when above 200 GeV, and
its interference with SM processes becomes sizable — tough for heavy
SM-like Higgs search



H-vy

* H — yy proceeds via W and top loops (0xBR=50 fb @125 GeV)

New charged particle in the loop : enhanced H - yy rate

* Irreducible yy background (0=40 pb, theoretical error ~20%)
d VWWW\-T WWWY g WY

mVATAVAYAVa Q.QQ.Q.Q_QJWZ‘ 9 VAVVY
Y

* Reducible background: y+jet (o=pub), and jet+jet (0=mb)

One or more photons are fake photon from jets (mainly ° — y). The
fake rate to hard to model with simulation

q

Have to rely on data to normalize the diphoton backgriunds



Categorization of events

Category TCR FWHM
_ [GeV]  [GeV] 2 converted: >1 converted:
Inclusive 1.63 3.87
Unconverted central, low pry  1.45 342 n(y2) 4 ny2) 4
Unconverted central, high pre  1.37 3.23
Unconverted rest, low pry 1.57 3.72
Unconverted rest, high pry 1.51 3.55 1.75
Converted central, low pr, 1.67 3.94 1.3
Converted central, high pry 1.50 3.54
Converted rest, low pr, 1.93 4.54 0.75 0.75
Converted rest, high pry 1.68 3.96 .
Converted transition 2.63 6.24 ” r
0.75 ] 0.75 1.31.75 n(yl)
2-jets 1.57 3.70 b
@ Central @ Central
* Classify events with different mass - @ Transition
resolution: .

+ High p_ is better than low pTt

1
T thrust axis

+ Unconverted is better than converted

+ Central is better than rest, and rest
better than transition

% There is a special 2-jet category for VBF. There are 10 categories in total
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Mass and signal strength

= e Tt R Unconverted L I T
=) - . N I / imi
= - ATLAS Preliminary SM H =y : B | / ATLAS Preliminary —
*g') 39 (o7 Tev: |Ldt= 481" o centalbighp, | . ///’5 Data 201142012 —
8 o is=8TeV: Lat=501' E I v ala 2011+
7 N ] Unconverted | : % |
© 2 5 :_ _: rest high [ B E % —— B
5 2% A B _1
) 2:_ E Cotnvlet?eg B o /# \s=7TeV, | Ldt=4.8fb
N . central nig th N : / J |
1 Si j r(e:st Iowﬂp:’t E ‘ .1_
5 1 e ; %« \s=8TeV, [ Ldt=591b
:_ + Best fit _: N — / ) ]
1 ] Converted
- ——-2In Ml—‘-’mH) <23 e N fransition | E / SMH- Ty
05 2Inm,) <60 - S / ______________ (mH=1 265(3eV) _____ i
0 _I | | | ‘ 1 | | | | | 1 ‘ | | | | 1 | 1 |: Commed | | | 1 | | | i l é l 1 ‘ l 1 | ‘ | | | | | | |
120 122 124 126 128 130 -5 0 5 10 15
my [GeV] Signal strength

%* Left: likelihood of the fit floating both the mass and signal strength
parameter

* Right: Fitted signal strength for 126.5 GeV: p=1.9+£ 0.5
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—_
o

95% CL limit on o/c;

Fermiophobic limits

T T 1T ‘ T 1T | T 1T | T T 17T ‘ T T TT ‘ L T 1T T T T 1] o j L ‘ L I L 1 L | L ‘ re | prnd | rr 1_—
I — Observed CL, limit i % 10 L— Observed p_ Data 2011, \s=7TeV _
B — Expected CL_limit i 9 2 3

s . - = ]
Wtto ATLAS Preliminary 1 .. Hy = 77 €xpected p J oot ]
120 E

L T

------

LR
Q

------------------

I
a
13T
Q

L)
Piie
.
o
.

IR R N R R N R R R R R LR R [ NN N RN N R N R R N R N R R N R N RN

.................................................. - 2L |

B 2011 (e Tay 3 107 ATLAS Preliminary

L - 35 FermiophobicH—yy

JLdt =49fp ] 103 T A -

Fermlophob|c H _) W . e @eans Observed P, (with energy scale uncertainty) -
1|II\‘\III|\\II|\\ |\|\| 4|||II‘I\Ill\I\I|I\I\|IIII‘IIII|\I\I|I\I\|
10410 15 120 125 130 135 140 145 150 1099 115 120 125 130 135 140 145 150
my, [GeV] my [GeV]

% For a fermiophobic Higgs, since only VBF and VH diagrams
contribute, the Higgs p_ Is expected — better S/B separation

* Higher (lower) oxBR in low (high) mass region compared to SM.
Expect to exclude m <123.5 GeV (2011)
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* H-ZZ - 4l is the gold-plated channel — good mass resolution,

H- 77 -4l

powerful rejection of SM background due to 4-lepton requirement

%* Suffers from low rate and total lepton acceptance loss

BR(ZZ - 41)=0.45% =) oxBR(H-ZZ-4l)=2.6fb

Single lepton acceptance (tracking volume, trigger and reconstruction)
is high (*80%), but the total acceptance is low (0.8%=0.4)

%* Higgs mass resolutions — 1.8 to 2.5 GeV:

0.1

au. /0.5 GeV

0.04

0.02f

[ without £ mass constraint

D.(}B:

L]

my, = 130 Gelf
Gaussian fit

0.06 H—ZZ*—4p (75 =8 TeV)

Fom o= (128,50 £0.04) Gel
[ o=(2.13 +0.04) GaV
I fraction outside + 2a: 16%

4y

FT I TTTT I TTTT I T T T T
_ ATLAS Preliminary
[ Simulation

t

10 120 130 14

my, [GeV]

150

}DD‘Q TTTTTT T [TTTT
ATLAS Preliminary

Simulation

— 0.07 * m,=130GaV
Gaussian fit

0.05 H-=ZZ* =222y (Vs =8 TaV)

0.04F m= 12271+ 0.04) GeV
o= (2,33 +004) GaV
0.03F fraction outside + 20 19%

0.01 without £ mass constraint

%D 90 100 10O 120 130 140 150

2U2e

[T 1 4

my, [GeV]

5 GeV

0.07

0

— 0.06F

= o
“ 0.05F
[ H=IZ =42 (is=2TeV)
0.04F
' m=(127.86 +0.07) GeV

0.03

c Simulation

- *  m,=130GeV
Gaussian fit

:_ o= (2,76 + 0.06) GeV

4

:IIII|IIII|IIII|II
F ATLAS Preliminar

- without Z mass constraint

0.01

[ fraction oulside + 2q: 17%

0.02F

de

&

0 90 100 110 120

130 140 150

my, [GeV]
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Selection cuts and mass spectrum
* Require 2 pairs of same-flavor opposite-sign leptons

4 |leptons with p, > 20, 15, 10, 7 (6 for muon) GeV (lepl, 2, 3, 4)

50 GeV<m <106 GeV,andm_ <m_ <115GeV.m dependson
the 4l mass

m >5 GeV for all same-flavor opposite-sign pair — J/y rejection

Lepton isolation (calo-energy and tracks around real leptons
should be small) and track dO cut (should come from hard IP)

@ 40FATIAS Preliminary = Dala
E — Z Bl
o 35p E=TTY Jld-den! @7 jes f

o
o

-+ Data -
" I Background 22" ATLAS Preliminary

- I Background Z+jets, it )
C Signa% {mH=12 GeV) H—=ZZ' —Al

C [ Signal {mH:150 GeV)
25F I Signal (m =190 GeV)
- 777 Syst.Unc.

£ zof F=8Tw JLh=58m"
D

Events/5 GeV
ol
o

75 80 85 90 95 100 105

s =7 TeV: [Ldt = 4.8 fb!
my, [GeV]

[ =8 TeV: [Ldt = 5.8 b

20y

0|

100 150 200
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Mass and signal strength

— 5_| I I I | I I I | I I I | I I I | I I I _]
=, &F ATLAS Preliminary  Hozz0-im 3
S  E {s=7Tev: JLat-481" S im) <23 3
@ 45_ /s =8TeV: det =58f" __2 InigLm ) < 6.0 _E
v 3.5 ' =
S F :
o 3 E
7 25 .
2F E

15E
15 E

0.5 e E

- L | T B B

QI2'I]I 122 124 126 128 130

my [GeV]

%* Left: likelihood of the fit floating both the mass and signal strength
parameter y. Fitted signal strength: p =1.4 £ 0.6

% Right: scan of discovery p-value abd significance: 3.60
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H-WW - Ivlv

Can not reconstruct the Higgs mass — background rates estimation Is
crucial in this channel

Devide analysis into 6 categories: (e, pe) x (0-jet, 1-jet, 22-jet)
~ e Lepton p_> 25, 15 GeV, m >10 GeV

o EP > 25 Gev. ETS is the MET component perpendicular to

the closest object (lepton or jets). Ey 1 = Ep™ if AD > TU2

Preselection —

e anti-kt jet p_>25 GeV (>30 GeV if |n[>2.5)

T T T T I T T T T I T T T T I T T T T | T T T T
10° . 4 Data 22 BG (sys @ stat)
JETLAS Preliminary &y 5 wazzw,
(s=8TeV,| Ldt=58f' [ua [ SingleTop
I Z+sts  [] Wsts

L I T T T I T T T | T T T I T T T I T T T I
C ot 4 Data < BG (sys @ stat)
6000[- ATLAS Preliminary gy 5 wezzw,
F fs=8TeV,| Ldt=58f" [Ja [ SingleTop
I Z+jets [] Wejets

Events

Events/ 5 GeV
=l

10¢ H-WW S evaviuvey [ H 125 Gev) 5'3"3'0;— H-WW S evuviuvey ] H1125 Gev]
: 2

4000F

3000

0
cut Bt [GeV] Q.
o

—

o
—
o

58

1-jet
v
Dy
%
=
5



Final yields and distribution

Yields for 2012 5.8 fb™ (94 GeV < m_< 125 GeV):

Signal WWw WZ/ZZ/Wy tt tWith/tgh  Z/+v* +ijets W +jets  Total Bkg.  Obs.
H+ 0-jet 20+ 4 101+13 [2+3 8+2 34+ 1.5 1.9+1.3 15+7 142 + 16 185
H+ l-jet S+2 [2+£5 1.9+ 1.1 6+2 3716 0.1+0.1 241 26+6 38
H+2-jet | 0.34+£0.07 0.10£0.14 0.10£0.10  0.15+0.10 - - - 0351018 0
% 12[}_— I T I""—_ ﬁ E |"'|"'I"'|'"I"'I"'I"'I"'I'E
6 ATLAS Prf;‘-lln'ur‘naryr ;,ﬁ.‘f‘ ﬁfﬁf_ﬂm 1 O eof ATLAS Preliminary —4— sk suasteavan 3
= 100 {5-8TeV, | Ldt=581" I:Ig " Eangﬁmp 1 2 505 (5=8TeV, | Ldt=58f " [ | H125Gev) .
~— B +e +iats . - — —
I‘_.E"’ i Howw" —evuv/uvey + 0 jets CJHizs ey 2] - H—ww" J—>e¢u vinvey + 0/1 jets ]
o 80 — & 40 ]
(0 - + 1 o n ]
60 _] 30;— —;
: . 20F- =
40— — - ]
: ] 10 n =
20k E oF T -
%_ L e ] R S |+ =
0 100 150 200 250 300 60 80 100 120 140 160 180 zou 22u 240
my [GeV] m; [GeV]

mr = \/(E[[_l_Emlss)H |p[[_|_Em1%|2

Background subtracted
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Higgs mass reconstruction

* Effective mass: invariant mass of the visible tau decay products and
MET

% Collinear mass:

@ Assume neutrinos and visible decay products
from the tau are collinear, then ditau mass can be Mg

calculated as /T1 - Ig

e x_, are the fractions of momenta carried away

bythevisibledecayproductsfromthetau _‘é :IIII|IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
= F Leptonic 1 decay .
>, 0.03F 45<P=50 [GeV] -

%* Missing Mass Calculator (MMC):

Arbitra
=}
]
A
I

@ Mass estimation by requiring the mutual 0.0z
orientations between neutrinos and other tau -
decay products are consistent with the mass 0.015F
and decay kinematics of a tau woif
@ Scan in the allowed phase space region 0.005F-
(including MET variables) for the most likely m

solutions 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
AB,p [rad]
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Embedding sample for Z — Tt background

* Z -1t is the dominant background for all 3 sub-channels. To estimate
this background from data, an embedding method is used:

@ Select Z - pp events from data, replace F (,ggg;“a HepEVt . [y 1 Ta”*"?t o |

the two muons by taus, and remove muons w digftzation

and calorimeter cells passed in the original : ”.“"”m“"’” .

event S TN

@ Pass the taus through Tauola decay, and "”be‘d"'”g

fully simulate the tau decay products @EE‘&%

@ Embed the simulated tau decay products rmconstrUCt'on

into the original event Z*,:g;g;“ﬂ
* The embedding procedure is validated by £ o1sF o T Aesoeaion 3
replacing the muons in data by muons from % 0.16F  Z-ccEmbedded
full simulation (mu-embedding) = ST

. . . '0-15_ - J_Ldt=13.o ! ]

* Only shapes and relative efficiencies are s s ve-oTeV
provided by the embedding sample. The 0,06k ) ]
absolute normalization comes from MC 0.04F ’ B E
predictions after lepton/tau selections or 0020 ° - -
from control regions R T T . 61
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ll-channel: Drell-Yan and top background

* Z - ee,upd Drell-Yan is controlled by the =80
MET distribution in events under the Z 970 .
peak: firs0
Bgaat: Bye + D
Aﬁjlzrgﬂﬂed = Amc X data MC MC -

Bdata + Ddata BMC

%* Top background: estimated from MC,

and validated in top control regions: 0 20 30 40 50 60 70 80 90100110 '

control sample: O-jet

M., [GeV]

. . @ 250 B

@ Require b-tag to obtain B[ e Lsssn’ | B F moomn SN
the top control sample “ 2000 B15 T 5 =7Tev Sl 3=t (PR
= S0 B oo .

@ Correct the top oo EEw i :
normalization in the o : ’ :

100

ep
WCR,Data ﬁrCR_,Dato_ _ ] IFCR.J‘LIC
“Vtop 7 “lotherbkgd
MCR,;‘LIC T NTCR_.;‘LIC E R T A —
“Ytop “Vtop E_u.aﬁ— D P QI =
Sk —+ E S o
St - - 1
B [ e < - | - R e 1111 0 70 20 30 40 S50 B0 r0 &0 90 100

Visible Invariant Mass (GeV} Visible Invariant Mass (GeV)



lh-channel: background estimation — Same Sign sample

%* Basic idea is that the background in OS signal region is equal to the
background in SS signal region, plus any excess expected from OS than
SS:

bkg  all QLCD W +jets Z—=TT other
Nog = Ngs T Ngs_ss T Nos_ss T Nos—ss T NOS—ss

@ "other” contains Z - ee,up, top (ttbar and single top) and diboson

@ QCD excess (OS than SS) is expected to be zero — checked in a control
region with MET<15 GeV: e

T T | T T 1 I T T | T T I T T 1 | T T 1 I | |
12 (=48 + LT
CD CD had 7 "had —4— Data
ros/gs = 110 £0.01(stat.) £0.09(syst.) s ndggs =0 [ DX HOZ0)
I i Bl £ (OS-
| Lat=a7mw" = Others (OS-SS)

[ Same Sign
ATLAS Internal < Bkg. uncgar’[.

@ W+jet excess is estimated from a control
region with m_>50 GeV

Iﬂllllllllllll}(

@ Z - Tt excess is estimated from the
embedding sample

@ "other” excess is estimated from MC
simulation

11 1 I 1 1 I 1 1 I 11 1 I L1 1 I 1 I -ﬁ'— =
ct} 20 40 60 80 100 120 140
mell EP) [GeV] 4,



hh-channel: background estimation — track fitting

# Anti-K_ style track counting in a cone of AR<0.6 around the tau

%* 2-D fit to the track multiplicity distributions of the 2 taus

%* Signal tau (Z - tt) template is taken from MC, fake tau (QCD) template is
from SS taus in data

* Fractions of QCD background can be obtained from the fits in both control
sample and signal region

—4— Data
------- 5 x H(120)—tt

I Z—1t
Multi-jet

: J‘ Ldt=47f" 3
i {s =7 TeV ]
ATLAS Preliminary ]

| 1 1 '-'*"-l = l 1 1 1 I 1 1 | I :
2 4 é 8 10
Number of tracks (leading )

158
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Pinning down the Higgs couplings

I;£'4Tl_"«f!lsI 201% - 20'12

W,ZH — bb

I
'y, = 126.0 GeV

V&= TTaV: | Ldt= 47 f"

H— 1t *
VE= T Tal: Ldt-l:iE‘-i'.-' ! i
- :

H—WW ' — i -
Ve =7TeW: | Ldt= 47 fi"
E=0TeV: | Ldt= G811
1

H—vy =
V&= 7 Tel: | Ldt= 480"
VE-8TeV: |Ldt- B0

i
H-zZ" = a4l
Ve=TTaV: | Ldt= 4.5
VE=BTeV: |Ldt= 5.8

Combined

E-7 7oV [Ldt- 46- 201" u=14+0.3 E
E=2TeV; [Ldl- 52-5.9 0" ; -

-1 0 1
Signal strength (u)

Global signal strength:
H=14+0.3

Equivalent to a global coupling ratio
k = g/gSM =sqrt(n) =1.19 £ 0.13

Kg

Boson vs. fermion coupling

T T T I T T T I T T T I T T
ATLAS Preliminary

5=7TeV, |Ldt= 4.8 b

T T T I T T

+ SM

* Best fit
—-21In .-k{h'v Kp)
| .-"LI::KV,KFII

< 2.
< B.

[ I 8]

{5 = 8TeV, |Ldt = 5.8-5.0 fb"

_______

Ex:l_|llI|IIII|IIII|IIII|IIII|III|_

I IIII|IIII|IIII|IIII|IIII|IIII

[ ]
(o]
o}
oo
—
—
(%]
=
g
—

Ky

Double minima because of the H- yy loop:

2InAfx)

2 — 2
~K*=|1.28K,-0.28K
Y W t
8:I LI I LI I Il III T I LI I LB I LB I LB I LI I:
E ATLAS Preliminary —-2InA(x) E
- E=7TeV, |Ldt= 481" F ]
gE 15=8TeV, |Ldt=5.8-5.9 b 3
= / /—
] =
2F E
0Bl Lial ..|...|.v..|. = 65
-2 15 05 0 05 1 15 2

-
-



2 Ak, )

Pinning down the Higgs couplings

8:'A'Lﬁé'#l'l"l"'l"'l"'"'I"'l"'l"': —_— 12_||||||l||llll|llll L I
— reliminary . Al - < — ATLAS Preliminary ) o ]
,E =TTV, [Ldt=481b" ) = CE=7TeV, |Ldt= 4.8 1t —2nAly)
E (5=aTeV,|Ldt= 5850 " 1 «~ 10 s-gTev, |Ldt = 5.8-5.9 1" ~
6 — ' B 7
e E
i o :
3E = . ]
= ] 41 i
2E E - .
{}EIIIIIMIIIIIIIIIIIIIIIIIIIIIIIj {}t_llll II_

06 08 1 12 14 16 18 2 22 24 26 3 3
:.“WE Ry
T I rrrrTrTT T T T T T T T T =
@ W and Z couplings are consistent < 95 ATLAS Preliminary _2inAG) 3
= 8F- (S=7TeV, [Ldt= 4.8 b a3
o 2E (5= 8TeV, |Let = 5.8-5.9 ! E
s Not enough data from H-tt and H E 3
— bbar to determine the up/down 5 3
coupling ratios )
3 E
@ Not enough data from H-tt to EE 3
determine the lepton/quark coupling 1
ratios DE_ e

3

66

=
=1



-21In ':‘I"{B I:{imr..unt:h;lt.::I

Higgs decay width,

UL B ILULELAL UL BN B
—-2hABR. )

i uncit.

_IIII|IIII|IIII|IIII|I
- ATLAS Preliminary

C 5=7TeV, |Ldt = 4.8 b
— (5=8TeV, |Ldt = 5.8-5.9 b

0 01 02 03 04 05 06 07 08 08

BR

it unclet
2.
K (i) SM
g = [
(l - BRim-'.*unclet.) H

BR(H — invisible/undetected)
<0.65 @ 68% CL

spin and CP
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