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Introduction

Higgs at LHC )

Production and decay
Clearly-seen Higgs (H-vyy, H-ZZ - 4l, H - WW - 2[2v)
Almost-seen Higgs (H - bb, H - 11)
To-be-seen Higgs (H- Zy, ttH, H - pp)
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Electro-weak physics at LHC

o Vector boson production
o Multi-boson production

Top physics
o Single top production

Ustron 2013

Main subject
of the talk

Some selected
standard model
measurements
— “highlights”
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e Standard model describes experimental data
with excellent precision (*)

o Big success of SM was e.g. discovery of top
(Tevatron 1995) with mass within range
favoured by precision measurements

o Some small tensions < 3o (e.g. FB asymmetry
of b-quarks), but

o No strong indications for physics beyond SM
o QOverall p-value of global SM fit of ~20%
® The only missing element is Higgs boson

(*) M. Goebel, “Gfitter” talk at ICHEP'2010, arXiv:1012.1331
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@ Standard model describes experimental data
with excellent precision (*)

o Big success of SM was e.g. discovery of top
(Tevatron 1995) with mass within range
favoured by precision measurements

o Some small tensions < 30 (e.g. FB asymmetry
of b-quarks), but

o No strong indications for physics beyond SM
o Overall p-value of global SM fit of ~20%

@ The only missing element is Higgs boson
o Constraints on m  from direct searches

. m > 114.4GeV/c* (LEP)

e Excluded small window around 164GeV/c?
(Tevatron)
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o Light Higgs preferred by fit (20 intervals)
 m €[42, 159] GeV/c* (w/o searches)

 m €[114, 157] GeV/c* (w/ searches, as

above w/ left side cut)
. m <~220 GeV/c® at 30 basically

unconstrained at 50

* Very weak constraint due to log
dependence on m .

. Minimal Higgs sector with one

doublet assumed
= Only direct search (discovery)
can solve the issue

Ustron 2013 (+) M. Goebel, “Gfitter” talk at ICHEP'2010, arXiv:1012.1331
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o Big success of SM was e.g. discovery of top
(Tevatron 1995) with mass within range
favoured by precision measurements

o Some small tensions < 30 (e.g. FB asymmetry
of b-quarks), but

o No strong indications for physics beyond SM
o QOverall p-value of global SM fit of ~20%

@ The only missing element is Higgs boson
o Constraints on m_ from direct searches

. m > 114.4GeV/c* (LEP)
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LHC data

® Excellent performance of @ LHC reached nominal pileup rate
LHC and both experiments! o Inst. luminosity up to 8x10% cm?s?
o 95% of delivered data —»<PU>up to ~30
recorded, 90% of those o Experlments cope WeII agalnst pileup!
certified and used for 180T I T T SR 2
analyses 160 ATEAS O”"”eé’m\'{;“:jtlv, J.Ldt =208 b, <u> =207

140

o 5/fb at 7TeV + 21/fb at 8TeV

[ Vs=7TeV, [Ldt=52" > = 9.1

Recorded Luminosity [pb ~70.1]

for analyses per experiment 120F E
100 3
80| =
,'r| CT T T 1T T T 1 | LA A LA N L ] — .
o 30— ATLAS Online Luminosity vs=8Tev = 60 E
E‘ - [ LHc Delivered ] 401 -
é 25— ] ATLAS Recorded = 20k =
£ 20:_ Total Delivered: 23.3 fb” B bt el S D -
- - Total Recorded: 21.7 fb”' . 0 5 10 15 20 25 30 35 40 45
- C .
% 15:_ B Mean Number of Interactions per Crossing
;? - ] _ L
= 10— E
I u ]
O = _
T s E
0: ||||| Loy v [ R R Ly v v :
26/03 31/05 06/08 11/10 17/12

Day in 2012

Ustron 2013




Pileup mitigation

- @ @ LHC reached nominal pileup rate
® 30} e Data 2012 default ATLAS Preliminary . . 33 2 1
% | = Data 2012 Pile-up suppression O InSt. |Um|nOS|ty Up tO 8)(10 Cm S
S " o MC default + ] ~
% 25F o MC Pile-up suppression +§¢_ ] — <PU> Up to 30 . .
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The HIGGS BOSON is
the theoretical pzlrﬁrlr of
the 1 ligrgs mechanism,
which physicists believe
will reveal how all
matter in the universe
ets Qs mass, :"-I:llt:.'
scientists hu|:'l.' that the
Large Hadron
Collider in Geneva,
Switzerland, which

I.'“”i'l.ll.'i‘ ]N“'[i‘.']li.“\ at
a9.99% the specd of

%%‘ ]l‘i.'clﬂ will detect
& the elusive Higgrs

Boson

$ 10-49 PLUS SHIPPING

9000000000880 H-E,i't.?f‘ﬁ’”,‘ﬂd"f’{'ﬁ with lI.{'.l'H'E.—T’J‘j.FH

LIGHT HEAVY for marimum mass.

HIGGS BOSON

SPARTICLLEZ "0
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© Dominant production mode is

the gg-H

o 19(15) pb at 8(7) TeV for
m, 125 GeV/c?, big NLO and

NNLO corrections
@ VBF and VH production modes

o Cross-section smaller
~10 times than gg - H

o Useful thanks to additional

signatures (jets, leptons, ME.)

@ ftH production
Branchlng fractlon
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©

For m ~125GeV/c* decay
spectrum maximally rich,..
but experimentally challenging

Decay modes for search for
Higgs boson determined by
oxBr and S/B:

o HoZZ -4l

o H-yy

o H-WW- 212y
o H-Tt

o H-Dbb



CMS

Channels sensitive on H(125) with current data:
H-oyy, HoZZ -4l H-WW - 212y

Ustron 2013
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Golden-plated: H- ZZ - 4

@ Most sensitive channel

ATLAS-CONF-2013-013

e Data 2011+ 2012

IN
o

o Narrow 4l-mass peak, resolution 1-2%
o Low p_lepton identification crucial

« p.>7(5) GeV for e(u)

F I SM Higgs Boson

C m,=124.3 GeV (fit)
:_ [ Background 7, ZZ*

C [ Background Z+jets,
- %+ Syst.Unc.

H—ZZ*—4l
{s=7TeV |Ldt=4.6fb"
Vs =8TeV JLdt=20.7 fo

Events/5 GeV
w
[6)]

w
o

© Signature: 4 isolated leptons from one vertex
© Reducible backgrounds:

o tt-212v2b, Z+bb, Z+jets

o Removed by lepton isolation & impact parameter
® lrreducible background: ZZ*/y*

© Event Selection: 2 pairs of same flavour,

opposite charge leptons

CMS prel@iMS' PAS' H |G-1 3-002

Vs=7TeV:L= 51fb" —
] m,=126 GeV

o ATLAS: FSR recovery (4u), untagged+VBF+VH

(for m -m)

s=8TeV:L=196f"
S Preliminary {5=7TeV,L=5.1f0"; 5=8TeV,L= 196"

> 3507 1 T e
aaaaaa

] &y 2z

Events / 3 GeV

o CMS: Angular analysis (MELA), event-by-event
m, uncertainty, FSR recovery,

untagged + dijet (VH+VBF)

e Significance

o ATLAS: 6.60 (exp. 4.40)

o CMS: 6.70 (exp. 7.20)
Ustron 2013




H_ZZ - 4l: results

1 L] E 20 I\\IIIII\‘II\Il\\II‘II\\‘I\II‘\\II‘I\\\'I\II‘\\I
Slgnal Strength (”) o’ .+ sMm ATLAS()PreIiminary @
. — +0.40 ) L X Best Fit Ho zz"— 41
« ATLAS: O-IO-SM_ 1.43 0.35 X, 15 = 21 <23 o7 TeviLdt 466" ]
= : o . _ S
ATLAS &) Total uncertainty Tl io=B TeviLat 207 0" ]
3 o(sys = S, ]
m, = 125.5 GeV o(theo) +iconpu 10~ .
H- zz* -4l +0.33 i i ]
w00 [£0.17 —_—
,,,,,,,,,,,,,,,,,, H= 180014 | 5 ]
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8 EE <
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6| ]
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@ Very sensitive channel at low mass
despite a small branching fraction

(Br~1-2x10%)

H

o Narrow peak in di-photon mass,
resolution ~1-2%

o Large QCD background from direct

di-photon and photon+jet, jet -y
o Background normalisation from m

l
<
<

Events / 2 GeV

sidebands — analytic model indepéyndent

on simulation

o dedicated MVA

© Sample divided on categories basing on

additional tags and m resolution
o ATLAS: untag

VBF (1 or 2 subcategories)

o CMS: untagged (4 subcategories), lepton
tag, ME_tag, VBF (1 or 2 subcategories)

Ustron 2013

ed (9 subcategories),
lepton tag (VH), ME_tag (Z(w)H, 8TeV),

© Ambiguity with primary vertex selection

10000 _\ T T | T T 7 ‘ LI L T T T ‘ T 1T | T T { “ \
= CMS preliminary + Data
" s=8TeVL=19.6fb " [[] 2prompty
"’% [_] 1 prompt v 1 fake y ]
8000 %;;: [ 2fakey i
L "'E :l Drell-Yan —
6000 — [] H=yr (125 Gev) x5 7
- Simulated data not -
40005 "y used for background]
- "4y estimation ’
2000 i |
7\ 1 Il 1 ‘ 1 Il l_l_)_4—||_|\_|—l_l Il 1 Il ‘ Il L1 1 ‘ Il Il L1 | Il Il Il 1 | Il Il Il |7
900 110 120 130 140 150 160 170 180
m,, (GeV)

\{H—wfv candidate \\l

©ATLAS

A EXPERIMENT
e
Number: 204769, Event Number: 24947130

13



ATLAS
« Significance:
7.40 (4.10 exp.)
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Events - Fitted bkg

H - yy: results

_ATLAS-CONF-2013-029

\

\s=8TeV,

Selected diphoton sample

»
~
~
a

s=7TeV, JLdt =481’

Ldt=20.7 b

Data 2011+2012
Sig+Bkg Fit (mH=1 26.8 GeV)

Bkg (4th order polynomial)

ATLAS Preliminary
Hovyy

+

I'I'I'l'l'l'l'_l"m'l_llllllllllllllllllllllll ' TT1 | I'TT1 | I'TT | I TT |

by
R

100
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CMS
Main analysis: MVA-based,;
cross check: cut-in-categories (CiC)
e Significance
« MVA: 3.20 (4.20 exp.)
e CIC: 3.90 (3.50 exp.)

e Compatibility between two
analyses within 1.50

=>5000
)

T |QM|S|-|F)|A|S|-|I_!I|G|-:I|3-|O| |1
- CMS Preliminary —— Data i
O [ {s=7TeV,L=5110" (MVA) SBF .
K] R _ _ Ay ST g Fit Component |
4000 {s=8TeV,L=19.61fb'(MVA) 1o B
~ B []+20 -
2 Z = :
Bao00!
=3000 £
el
O - g
©,_
<2000~ 5
D Z
%) _
— 1000
m —
+ B -
n i i
{1 O PR N T NN N NN TN N TN N AN TN SN M A RN SN NN N
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H - yy: results

ATLAS: Signal strength (M):
o/o_, = 1.55 £ 0.23(stat) + 0.15(syst) + 0.15(th)

o

- - 2 :I TTT | T 11T ‘ T \.\ T | LI | T 1 171 | T T 1T | T 1T 171 ‘ T T T T 1T ‘ T 1
« Consistent across categories o 7 T Bestfi [Lot= 48157 15=7Tev
) . @ - —— 68% CL
e ~20 higher than SM S+B expectation Xt O 95% 0L JLdt=20.7 16", 15 = 8 TeV
ATLAS +G§S‘a‘)> Total uncertainty 5 S0 X SM E
o(sys = E e, =
= 47 ‘‘‘‘‘‘ —
m, = 125.5 GeV o(theo) +1iconu - . E
H- vy +0.23 : 3 ; =
w033 [£0.15 —_ - 3 =
I 41 %o i 15 | §: : €
Lowp, —u=153]r0s —— 13 . . E
nghp """""" H=17+07105 | : OE-ATLAS Preliminary =~ *sceeeiiieaees™ =
jethigh . ' |E.2011-2012 E
messtver) MolO0ikos | | —f—t “'E my, = 126.8 GeV Hovy =
; —13"2 ; ) = I W N I I I T N B
VH categories 1=1.3"|+0.9 | ’ 21 05 0 05 1 15 2 25 3 35 4
xB/B
s=7TeV |Ldt=46-48fb" 0 1 2 3 Hogran SM
\s =8 TeV [Ldt = 20.7 b Signal strength (u) EMS
2 (s=7TeV L=5.11b"
M VA ?/// S Preliminary E:BT:V L=19.6f"
- MET ———Jl——— CMS preliminary E r .
. . — Ns=7TeV,L=511b" (MVA i r = Best Fit
CMS' Slgna‘l Strength (“)' Electron_ ——— VS=BTeV:L=19.6fb"((MW)\) 1% 4__ —ts
MVA analysis cut-based analysis =~ Muwon| % o Crom Oz . 2o
(at mp=125GeV) | (at mp=1245GeV) ="l = *
7 TeV 1.6970% 2.27 0% oggeas| O m 13
8 TeV 0.557027 0.93703 Untagged 2| = :
T0.28 F0.32 Untagged 1) - C
7 + 8 Tev 0'78—0.26 1'11—0.30 Untagged 0 - =
Di-jet — - L
Untagged 3 B % — O:—
Untagged 2| = —m c T " = 148
Untagged 1 : N - » C ::::Z: = 0.52
Untagged®| =~ b "1 ! A I T B B I
-10 -5 0 5 10 -1 0 1 2 3 4
Best Fit 6/0,, Mgt
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Differential cross-sections

Thanks to high signal it is possible to Pr ATLAS-CONF-2013-072

determine differential distributions for H - yy 5 o v U Py ot ol
j— :i ggﬁH NNLO+NNLL-(HRESW.0)+XH E

Strategy ég 12 + ".XH:VBFJ(VH;:?}',G:sTeV é
. . . . . [Lat=203t"

» Define binning for studied variable

. For each bin extract yield fitting m

 For each bin correct for accePtance,
efficiency resolution => “unfolding” : 7 . ,
Unfolding critical to compare with E R AR
theory predictions e b, B
Y, [cos6*
* Uncertainties due to JES/JER, UE, & ) e e T
PDF, scale (SO RPN B S SO O

« Fair agreement at current precision g AR A
— No significant deviation from SM 1" el +

T |

predictions (beyond overall excess), = - } I

» Also other distributions available: A
L p y A(p %lelIII1!!11:!il!!lli!'l‘i‘l“l‘...u...‘I'I' e A A e seree oo S
jet’ T} i 4 ++ ]

0 02040608 1 121416 18 2 22 24
Particle level [yw[

0O 01 02 03 04 05 06 07 08 09 1
Particle level |cos(6*)]|

Ustron 2013 16



H_- WW* 2 2|2y

ATLAS CONF 2013 030

e High yield, low mass resolution S \”ﬁffmt:m %
o Signature: exactly 2 opposite sign, isolated g - :
leptons, significant MET , LU
o Small A, (and m ) thanks to scalar nature of a 1 '6 Jets
Higgs boson (and A-V WIv coupling) _

o No signal mass peak (presence of 2v) o

» Transverse mass of di-lepton plus ME_ m. [GeV/c’]

system (m_) sensitive on m, . CMS-PAS-HIG-13-003 "%
e Classes based on jet multiplicity & b-veto § o[ @i =R rc“g‘fﬁrf"T;“SQ’_
o 0/1 jets (ggF), 2 jets (VBF) PR AR
e Selection S 0 jets |
o ATLAS: extract signal by fitting m_ distribution in | N I
two m bins 3 {é §
o CMS: 2D analysis m vs m_for the ey channel, | }Eﬁﬁk iﬁ ]

cut based for same flavour channels o 2ETC

g ——

Ustron 2013 m-|— [GeV/CZ] 17



H - WW?* = 212v: results

Signal strength (p):

.+ ATLAS: olo_ = 0.99+0:31

-0.28
ATLAS —+ "ES“")) Total uncertainty
B c(sys

m, = 125.5 GeV s(theo) +iconpu
Ho WW* 5 vly  [T0-21 :

L0t |£0.21 = :
,,,,,,,,,,,,,,,,,, b= 090z 012 |
0+1 jet p=0 8272:22 +0.22 I
2jetVBF  u=14"7 |05 ;

0 1 2 3

\s=7TeV |Ldt=4.6-4.8 b

Signal strength (u)

\s=8TeV JLdt=20.7 fb"

Signal strength (p):
- CMS: olo_ =0.76 £0.21

50

% 200 |lllll|lI|lllll|||||I|||||||||||I||||||

o ATLAS Prel|m|nary —+— Bkg. subtracted Data

g 1500 \5=7TeV, [Ldt=46 1o [ ] HiesGev)

2 \s=8TeV, | Ldt =20.7 fb

4 Hosww ' Siviv + 0/1 jets m = 125.5 Ge '/02
W 100 H

only stat. erEFrs Significance:

> Obs.: 3.80

IIIIIIIII|IIII|IIII1

IIII‘\\\\‘\(II'III\‘I

+—> Exp.: 3.80

.I...I...I...I...I...I.._+_I...I...I...I...:
60 80 100 120 140 160 180 200 220 240 260
my [GeV]

Background-subtracted m_ distribution
, T
Ustron 2013

SF 1-jet 7 TeV H
SF 0-jet 7 TeV > ?
DF 1-jet 7 TeV ? -
DF 0-jet 7 TeV » E
SF 1-jet 8 TeV »
SF 0-jet 8 TeV »
DF 1-jet 8 TeV - ;
DF ofet & 7eV | | ‘ | | | | | | | | E\ | | | | ‘ | | | | | |
-1 o 1 2 3
Best Fit 6/cgy,
8 o | CMS Preliminary ... Expected ]
% L \s=7 TeV,L=4.9 fb" ) —e— Observed .
O o5 Hisw-;s‘i;:v‘:l'f_;:t Injection m =125 GeV  _|
:'.é : |:| Injection + 1o :
(o)) C [] miection = 20 ]
‘©» 201 —
L 2
- m =125 GeV/c
151 . g =
a Significance: |
1ob > Obs.: 4.0c N
- > Exp.: 5.10
5 S .
0¥ ; ey lxlxlx
100 200 300 400 500 600

m [GeV] 18



CMS

Almost-seen Higgs

Channels becoming sensitive on H(125):
H- 1T, (V)H-bb

Ustron 2013
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H - 1t with CMS

Embedding: Z - pu data
o Based on the UT , €T, el, U, with  replaced by

and t T channels simulated T (5% syst.)
® Analysis is done in O0-, 1-and 2-jet CMS Pleliminary, e T8 Tav L2 243 1y

(VBF) categories g -k eu,e.c,,mh,'m o e
® 0/1-jet categories split in two, =
depending on the p_ of the T-decay £ so0 - N
products >t
o TT doesn’t use 0-jet category and E o ]
the 1-jet category not split £ ol :W“ ki
© VH(tt) channels included = _ —— L.
o Full m_reconstruction (SVFit) with @ 2000 o
resolution of ~20%

0
o Benefits significantly from particle- 0 200
i QCD ‘m.. [GeV]
flow reconstruction « From same-sign data W+jets
> CMS-PAS-HIG-13-004 (10% syst.) « Simulation

normalized in
control region
Ustrofi 2013 (10-20% syst.) 20



CMS: H = 1t results

o Wide excess compatible with expectation for 1M tempey i ond®,
SM Higgs and obs. in sensitive channels §10.,E /—iw
o Significance of 2.90 (exp. 2.60) at 125 GeV/c® 5 = %26
o Signal strength of /o =1.1+0.4 kS .
e Strong indication that Higgs decays to taus! .-
. . . 40
@ First mass measurement in this channel 10° e pvalue observed
o m = 120*9_7(stat+syst) GeVIc? (L prvalue expacted .
o Consistent with combined ; ““”E %
m (yy+4l) = 125.7 £ 0.4 (stat+syst) GeV/c 108 b
4.0 (CMS Preliminary, V578 TeV, L=24.3 fo", e m, [GeV]
N L 'b' 'c; LY CMS Preliminary, ys=7-8 TeV, L=24.3 fb", H-s11
—®— observe ' I ! H ! | ! ' ' I
_? 3.5 —— H(125 GeV) expected my, =125 GeV
g 3.0 [ = 1o expected :
' + 26 expected '—.—*-' 1-Jet
2.5 _
2.0 . 2-Jet (VBF)
1.5 :
ot VH- 11+
1.0 :
0.5 —'Q—- Combined
0015 = ' — 7

Ustron 2013 m, [GeV] best fit for c/c,,, 21



e Similar analysis strategy as used by CMS

H - 1t with ATLAS

@ Not updated to full dataset yet
o 4.6/fb+13/fb analysed
@ Not yet sensitive enough

o Analysis of full dataset with improved

techniques ongoing

e Significance: 1.
o olo_=0.7%0.7

1o (exp. 1.70)

> ATLAS-CONF-2012-160

5F

X B/BSIVI

4
3
2

uVBF+VH

" ATLAS Preliminaty

J‘ 4 X best fit
L=46fb ,\s=7TeV % best fit (1>0)
J L=13.0f",ys=8Tev — 95% Contour

----- 68% Contour
&= SM prediction

m, =125 GeV

.....

..

on Background only _:
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95% CL Limit on G/GSM

Local p

8fl T T T T I T T T T I T

- IREXS
- I+t

1 T l T T 1 1 l T T T l L
[ How ATLAS Preliminary ]
— —e— Observed CL_ [Ldt=46f" \s=7TeV
--- Expected CL, [ Ldt=13.0fb", (s=8TeV ]

0$|\||\|||

11 | | I | | 1111 | 111 1 |I:
100 110 120 130 140 150

m, [GeV]

ET T T T I T T T I T T
- ATLAS Preliminary

T — Observed H — 11

10

£ --- Expected for SM Higgs Boson

T T I T T T T I T T T T E
[Ldt=46f",\s=7TeV J
[Ldt=13.0fb",\s=8TeV

- Expected for SM Higgs Boson at m =125 GeV -
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VH - bb with ATLAS

Search performed in O0-, 1-, 2-lepton

categories split further into p_(V) bins

Signal extracted by simultaneous fit

of m_ in all categories
o Cross check with VZ(bb): 4.80

Limit: obs. 1.4 x SM (exp. 1.3 X SM)

05% C.L. at 125GeV/c?

olo_ =0.2"
SM

-0.6

o Not sensitive yet, neither S+B nor
B only favoured

Ustron 2013

% 14_| I T TT I TT I.I |. LI | LI | LI I T TT I T T 1T | LI T
(o) - ATLAS Preliminary i
© {2F VH(bb) \s=8TeV '[ Ldt=20.3fb" -
S [ —— Observed (CLs) p ]
'E 10 ... Expected (CLs) 'S=7 Tev J Ldt= 4.7 b ]
= [ [+ 16 ]
— 8 [Ji2 -
O N
2 6L h
o)

»
4_ —
2F E
O_I I 1111 I 1111 | | | I - | 11| I 1111 I 1111 | | | I_
110 115 120 125 130 135 140 145 150

m,, [GeV]

Weighted events after subtraction

ATLAS-CONF-2013-079
A A

VZ(bb): 4.86

-@- Data

Il VH(bb) (best fit)
vz

Uncertainty

[ VH(bb) (u1=1.0)

[T T T I T T I I. ‘ T T
. ATLAS Preliminary
- 1s=7Tev [Lat=a7"
L (s=8TeV [Ldt=2031"
- 0+1+2 lep., 2+3 jets, 2 tags
0.8 | Weighted by Higgs S/B
B ——
0.6
0.4
0.2
O
B | I |

i

| | | ‘ | 1 ‘I 1 | 1 | 1 | | | |
100 150 200 250

50
m,, [GeV]
ATLAS Prelim. *025‘3‘)) Total uncertainty
sys
my, = 125 GeV oithesy T loON
Comb.VH(bB) o2 | - = = - ]
_____________________ M=920slcot | ool
VH,Olepton 1=05,,s08 | . o=
VM Tlepton  n=01 clos | - e 0
VH,2leptons 1=-047 lx12 | 1 i 0
420 24

\s=7TeV [Ldt=4.7fb"
Is =8 TeV [Ldt=20.3 b

Signal strength [u]
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© Combines the W - 1Iv (incl. 1),
Z — eel/up/vv channels

© M resolution of ~10%

o BDT regression
@ Train BDT discriminates using
o Kinematics: m
o b-tagging
o Topology

Extract signal from simultaneous fit
of BDT's for all channels

bb’ I:)T,bb’ h

0 R IR B B T

Summarise all BDT'SY g L= rrev 50w o o
. . \ 8 fs= 8TeV,L=19.0 fb'

by sorting bins with £ ..

same S/B

Data/(S+B) Data/(B)

Ustron 2013 4 35 SRR A T

05 0
I6g, (S/B)

weighted entries / 15

80

60

40

20

0 50

VH - bb with CMS

CMS-PAS-HIG-2013-012

T | T T T T | T T T T
® Data

T T T T | T T T T | T T T
. CMS Preliminary
_ Vs= 7TeV,L=5.0fb"
- (5= 8Tev,L=19.0f" [ VH (125 GeV)
~ pp— VH;H— bb -w

Sub. MC stat. uncert.

100 150
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CMS: VH = bb results

© Observed excess of 2.19‘ (exp. 2.10) © LS Freminiry o o
o >70 for VZ(bb) observation , g i E: g:z:t:f;(:t;b.1 I vH (125 cev) i
o olo_. =1.00+ 0.49 atm =125 GeV/c S gl PpoVHHoRe W .
SM H % e — Sub. MC stat. uncert. |
o Combined with H - tt gives an 2 4lVZ: 7.50 = Visible MC stat. uncert]
evidence for the Hff coupling to the = 1
3" generation down fermions at - : 1
20 H: 210 -
3.40 (exp. 3.40) . :
oF T
0 TTB0 100150 200 280
T M, [GeV]
\1s=7TeV,L=5.0"b \1s=8TeV,L=19.0fb
Combined CMS Preliminary m =125 GeV
3 —Bo Z(vv)H(bb)
107 ¢ CMS Preliminary - horoaseT
- \s=7TeV,L=5.0fb" 1
104 E \s=8TeV,L=19.0fb" | Z(T)H(bb)
g VH(bb), combined E n=082=097
5 i —e— Observed
107¢ .-+ Expected from SM Higgs § W(Iv)H(bb)
i ] w=1.11+087
.IU-Eu- PRI T T N R N S N SRR T e L
110 115 120 125 130 135 2 0 Bezstfit y 4
my, [GeV] “sm
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Questions to address:

e Is it the SM Higgs boson?

* |S it possible to see sign of BSM E
physic studying the boson? W,

Properties: D

* Mass measurements \

e Couplings

e Spin-parity determination

Ustron 2013



Higgs mass

Measured from m, and m, distributions together with signal strength p

-2InA

ATLAS-CONF-201 3 014
T ATLAS Preliminary —— Combined (stat+sys) @
\s=7TeV:[Ldt=4.6-48fb" ----- Combined (stat only)

— Hoyy

- Vs=8TeV:|Ldt=20.7fb" o
B — H->ZZ' >4

L 11| L1 1| L1 11 1 | LN 4 | | | | - L1 1|
?21 122 123 124 125 126 127 128 129
my [GeV]

ATLAS:
m = 125.5 + 0.2(stat) + 0.6(syst) GeVIc*

Ustron 2013

-2AInL

CMS:
m = 125.7 + 0.3(stat) £ 0.3(syst) GeVIc*

—
C)

CMS-PAS-HIG-13-005

CMS Prellmmary is 7TeV.L<5.1 !

Vs=8TeV,L<19.6 1!

H Y + H 77 | Combined
M1 (ggHttH), H=vy
z — H—>ZZ
n (VBF VH)

= N W B~ O & ~ LD
UL L L L FrrrT T rTrr T rrTd TrI1rrrrT

o
T
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Couplings

©

Studies following recommendation of LHC Higgs-XS-WG

o 1 resonance, zero-width approx., SM tensor structure (J°=0%)
aii -1y

I'y

o Allows to exploit correlations between production and decay modes to
test SM predictions

o Measured yield can be parametrised in terms of coupling strength
scaling factors K = g/g_, , €.9. for ZV - bb:

b, ..=[0,xBr(H-bb)l[o, xBr(H-bb)]_ =(k°xK°)kK/?
 In SM all p's and K's are equal to 1
o Loop scaling factors (Kg, Ky_) can be

» expressed in terms SM coupling scaling factors
* treated as free parameters - effective couplings sensitive on BSM

o I',, requires assumptions: K =K (K , K ,...)

oXBR(ii—-H - ff)=
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Couplings summary

ATLAS arXiv:1307.14271ota] uncertainty CMS-PAS-HIG-13-005

m,, = 125.5 GeV - -
H + 1o .i 26 fs=7TeV,.L<51fb' {s=8TeV.L<19.6 0"

CMS Preliminary ik 68% CL
w95% CL

Kys Kp N/ E ; v

KF Z Z \ /s i
= 199 : : A f
Po=12%|

7‘., X

Ay Kyy AN RPN  E —— b SM

Model: ’j IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .:. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII psr._q IIIIIIIIIIIIIIIIIIII
oz bz Ag| Y e ;
e e Wz Po=20% | A e ——

Fz» 2z M

L
al

- -
=
W
=

Ky Ky N SPR | f Pg,, = 0-23

_ o/ | : H BRBSMF— p_ = 0.41
PSM_ 1 4 /O . | \ //’16 T ISI".Iﬂ U

] 0 1 0 05 1 15 2 25

(s =7TeV [Ldt - 4.6-4.8 fo” Parameter value parameter value
Vs=8TeV [Ldt=20.7 " Combined H — yy, ZZ*, WW*

@ All results consistent with SM Higgs boson
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1°, 2%) tested against the SM Higgs (JP 0 )
o On shell X(J=1) - yy decay forbidden

(Landau-Yang theorem)

© Analysed decay modes

o H-yy: decay angle cos(0*) sensitive to J

o H-WW - Ivlv: several variables sensitive
...) combined with BDT

to J° (A(pn’ "
(ATLAS) or 2D fit (CMS)

o H-ZZ- 4l: full final state kinematics
sensitive to J7: 5 angles, 2 masses (m .

m ) combined with BDT or Matrix-

element based variable D

® Test statistics

LJ" =0, fig+, Op+)
o ¢q=Ilog =
L(J] ltaﬂﬂ’ =915t)

Ustron 20615

— 250

o
~

50

£ 200f's=
150

100F

oF

Events

02 03 04 05 06 07 08 09 1

o-

6:—

© Experimental approach:

o Use observables sensitive to spin and ¢
parity of Higgs boson independent on
the signal (coupling) strengths

@ Several alternative hypotheses (J"=0", 17,

xxxxxxxxxxxxxxx bxu.“..v“uL

FTTT

| 9| H%yy — J" =2" Expected
2 200 =v J 207fb * S =2'Dat ]
I r Bl t. uncertainty -
i C ]
150F (fq=0%)
1003— P_:Z;+
: \ 4 J'=2
50 a BE 3
i’ —— #—}:
||||||||||||||||||||||||||||||||||||||||||||||||| .
0 01 02 03 04 05 06 07 08 09 1
|cos 67|
CMS preliminary s=7TeV,L=51f"s=8TeV, L= 19. ﬁfb =
|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII SIS
* data
—0 ,m, =126 GeV —
.1" 0, m =126 GeV
I:IZZ!Z"r ]
i P
|
0 0102030405060?0809 1 30

Dy



Spin-parity: O results

© 0+ VS O 20_25__1'13\232*_)4' :?Pa:ay _ *g 0.1:— g ]
° H-ZZ-4lused by both ATLAS and CMS | ** "l v 2™
o JP=0" excluded at 97.8% (exp. 99.6%) C.L="" £
and 99.8% (exp. 99.5%) °1
by ATLAS and CMS, respectively et

%o S0 20 0
q -2 % In(LG, /Ly)
CMS investigated also sensitivity to different
CP amplitudes in H- ZZ - 4l
o A= U_lealkf‘é‘;v (alg}wm‘}{ +ax2quqv + A3€yyap ﬂﬁqg) = A1+ A+ Aj ows Py (s Tl LA fen 8 el Lo 00
- a=2,a=a=01in SM at tree level = .
o Check for presence of a 0"’ component ] - Fowsom / ]
flttlng (assuming a =0) g [Expected
= AT (1A P+ IA3I ) o
f =002 al
a3 -0.00 i
f ,<0.56 at 95% C.L (exp. < 0.76) ol
0(; B TV R T R Y R
@ SM quantum numbers (J"=0%) strongly favoured! fas
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Spin-parity summary

®© CMS: H-ZZ -4l

TF production comment expect (u=1) obs. |

0~ g —+ X pseudoscalar 2.60 (2.80) 3.3c | 0.16%
0, ¢¢ — X | higher dim operators | 1.7¢ (1.80) 17¢ | 81%

2omge | 88— X minimal couplings | 1.8¢ (1.90) 270 1.5%

20 | 99— X minimal couplings | 1.7¢ (1.90) 400 | <0.1%
1~ gq — X exotic vector 2.80 (3.10) >4.00 | <0.1%
1+ gq — X exotic pseudovector | 2.3c (2.60) >4.00 | <0.1%

> CMS-PAS-HIG-13-005 o

> ATLAS-CONF-2013-040

10°F

100

Vs=8TeV [Ldt=20.7 fb"

H—Z77* — 4l
Vs=7TeV [Ldt=4.61fb"
Vs=8TeV [Ldt=20.7 fo"

v CL, expected
assuming JP=0"
NERE

H - WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb"

JP=0"

® SM quantum numbers (J°=0%) strongly favoured!
vl Al other studied alternative J” models excluded at > 95% C.L.

JP=1+

JP=1 JP=2"
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W+ side

o000000800080880
LIGHT HEAVY

W BOSON

SPARTICLLEZ! 0

JSor maxim

The W BOSON is a
messenger particle which
communicates []I(' \'\'!'El](
torce. Unlike the photon

and gluon bosons, it has a
mass. Like the Z boson, it is
one of the v

particles kng

s 7 BOSON
It can be ne;

(W=} or posi
(W), Luck
both, as the
{Jlll]l]]('—.\‘H]l'l

Wool felt 1

$16.4¢

0000000000000
LIGHT HEAVY
Z BOSON

cPARTICLEZO0

_ﬁ.ﬂ!‘ MALERION 1SS,

The Z BOSON is a very
massive carrier particle for
the weali force. Unlike its
siblings the W-/W+
F‘r;]r[il']\'ﬁ. the Z is !lt'!l'[l'il”:"
t']1;:r'g1'&l. ].i\'in\y" cm]_\' 1025
second, the Z quickly decays
into other particles,
Discovered in 1983, the Z
has allowed physicists to
further .ulllt|l'.' electroweak

theory.

Wool felt with gravel fill

$10.49 .o
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Introduction

July 2013 CMS
@ Standard model was S AN R  rvo—
“rediscovered” at LHC! S - ST SIS I Svitioddaon i
. = 10°E 'Q'Z _ =i L M8 95%CL limit =
® At lot of electro-weak studiesat £ [ 2 =, @ :
i S 10 T T Tmeeww
o Detailed study of W and Z s E T T e,
production g 10 ST T R S
* To confront with precise 8 b e mesor

theory predICtlonS B 10-1i 36, 19 pb” 5.0 fb™ és.om'1 g'g ;g:: 14596?;1 =

.
. 0 C O n Stral n D S JHEP 10 132 (2011) EWK-11-009 EPJC C13 2283 (2013) (WV) SMP-013-009
JHEP 01 010 (2012) SMP-12-006 (WZ), 12-005 (WW?7), 13-005(2Z8)

SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (2Z7), PLB 721 190 (2013) (WW8)

o ; . oy ATLAS Preliminary
o Electro-weak interactions at 5" F < L
TeV scale P T
. . g o Data(L=0.035-461 )
e Multi-boson production - L
1 aTGCIS, QGC'S 103? 5.8 fi’ _o;hfor({zss-mfb'ﬂ)
[ ] - - 102;_ 1.:fb'1 . 55;5
® Some examples will be presented -
105_ 461 2.1Jf-fb'1 T 2—0:i
Ustron 2013 1 - W z ff t Ww Wz Wt 2z




W & Z production

July 2013 CM

Lol D

@ Inclusive cross-sections G 7Tev CMS measurement
® 8 TeV CMS measurement _
— —— 7 TeV Theory prediction 3
S — T . — . et 3
c - e CMS, 19pb ; 8 TeVv W+ — ! —— 8 TeV Theory prediction -
—_ O CMS, 36 pb™, 7 TeV W - ¢ . ZL [
m 10 ® COFRunlil W = e = o) é : CMS 95%CL limit 3
— = (@] = -0- ' : \ ju
x — [m] DO Run | - = - o : . : ' -
— A UA2 - 3] o ! =g : g : ; 1
°© kv oua . g 10 S\ = wy i
- Z A " . = s Lo Zy o3
1 PP o S 102! M b o WW i
= = = = | i 24 —o— & : | =
= — - o = T : : o WE | =
- PP . c - : : : = o 77 ]
— — ..g 10 ' : | o g
— t ' ' : i [
10_1 - — é = ' Ef;SO GeV ' E;> 15 GeV ' : ‘ ‘ ]
= Theory: NNLO, FEWZ anli MSTW08 PDFs o 15 T l<24 } ARG >07 11:\;\/%_13
0.5 1 2 5 7_ 0 20 10" [ 36, 19 pb” © 50fo? 50" g'g ;2.1 14596?51
Collidgr Energy [TeV] E : : : : —
JHEP 10 132 (2011) EWK-11-009 EPJC C13 2283 (2013) (WV) SMP-013-008
JHEP 01 010 (2012) SMP-12-006 (WZ), 12-005 (WW7), 13-005(2Z8)
C M S - 8Te V m e aS u re m e nt SMP-12-011 (W/Z 8 TeV) JHEP 1301 063 (2013) (ZZ7), PLB 721 190 (2013) (WW8)

based on 18.7/pb

of low pileup data CMS-PAS-SMP-12-011

CMS Preliminary 18.7 pb" at Vs =8 TeV CMS Preliminary 18.7 pb™' at Vs = 8 TeV
T T T ‘ T T T ‘ T T T | T T T ‘ T T T ‘ T T T ‘ T T T T T T T ‘ T T ‘ T T T T ‘ T T
NNLO, FEWZ+MSTW2008 prediction NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty] [with MSTW2008 68% CL uncertainty]
11.04 £ 0.04 1.41£0.01
Woev, Z—ee W ey, W—oev
10.99+0.16,,, + 0.39, HaH 144+ 0,01, +0.05,, e
Wopy, Z-up Hot W spty, Wopv "
1044 +0.14, 4029, 1.38+0.01,+0.03,
W—lv, Z-ll (combined) He W l'v, Wolv (combined) ol
10.65+0.11,, +0.23_ 1.39+0.01,+0.02,
L P AR IR NSO RFUN RAEN RRI A \ \ s [
0 2 4 6 8 10 12 14 0.0 0.5 1.0 1.5
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@ (Some) Differential measurements

MC/data at reconstruction level

ATLAS: arXiv:1305.4192
CMS-PAS-SMP-13-003

W & Z production

\J

Unfolded cross-section

/E\ 10-1 . R T T T T T T T T | E
e} 3 3
. |
g , P ° . ATLAS + Data E
— 10°F . E
> i ° Sys. uncertainty 3
@ 3 ® . ]
Q 107 F ° Total uncertainty 7
No) 1
=3 104 Us=7TeV, [Ldt=4915" ® .
o) 3 5 electron P> 25 GeV, | <25 ° ]
© % 10°F 18% luminosity uncertainty not included 3
S| t
10 1 1 1 1 1 1 1 1 I
1 4 T T T T T T T T |
ol —— MSTW2008 with 68% CL (PDF + a) + scale + Pl unc.
a
=
>
o
2 ]
= -~ HERAPDF1.5 ----CT10 == ABM1{ oo NNPDF2.3 l-‘-"-'-'-'-‘--"-'-'-'
| | 1 1 1 1 | 1 1
: T T T T T T T T
S ?2 —— MSTW2008 with 68% CL (PDF + o) + scale unc. I
S 12
=
P e =
c 0.8 _—t
= - - MSTW2008 w/o Pl corrections I. ===
. | | 1 1 1 1 | 1 1
116 200 300 400 1000 1500
Mge [GEV]
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1/02 dcfdM(ee, P-P-) [GBV_1 ] Expzz::tion Events

data/theory

=
o
@
a
%)
7 T T 9
10 y =
10° ATLAS  (s=7TeV,| Ldt= 491fb 5
10° —e— Data 2011 .
/1 Drell-Yan '
104 3 Dijet & W+jets :
5 [——] Diboson :
10 i ;
102 §
10 %,
1 '}
107 :
1.4 JE
1.2 > E
0.; "os*"s ¢+§+ '§+ % pe . s
0.6 E @
o
70 100 200 300 1000 ©
M [GeV]  ©
CMS Preliminary
TE 481t ee, 45 puat Vs =7 TeV
YZ — ee, up
—+— Data (ee+up) in 2011
B8 nnLo, FEWZLCTI0
NNLO, FEWZ+CT10 (with EWK correction unc.)
15 —
1 o : R R A i
05— =
15 30 80 120 240 00 1500

M(ee. i) [GeV]

" 451" atNs = 7 TeV CMS Preliminary
107
° ® data
10°
YHZ— pp
10° YL =T
EWK
10% AT-tWIwW
QCD
10°
10°
10
1
1.5F -
1o—etere 2 ©: U B -
05} + R
15 30 60 120 240 600 1500
M(up) [GeV]
EWK corrections incl.
photon-initiated
production (Pl: yy -1l
— 10% effect at high m
comparable to PDF
uncertainties
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@ (Some) Differential measurements

1/0,, dofdl Y ()|

data/theory

MC/data at reconstruction level

0.045

0.04

o
o
@
3]

Unfolded cross-section

\

T

F

TT T T T [T T[T T T[T T T[T T T [TTT[]T T
CMS Preliminary, 4.5 fb' at\/s =7 Te\(, 20 < M) < 30 GeV

—e— Data (u)
Il FEWZ+CT10 NNLO

I FEWZ+NNPDF2.1 NNLO
Il FEWZ+MSTW2008 NNLO
I FEWZ+CT10W NNLO

E
il
2
z
3

FEWZ+ABKM NNLO
[ FEWZ+HERA NNLO

T2 74 16 18 2 22 24
Dimuon Rapidity, 1Y ()l
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2 10 ' '
c -1
g) 10° ATLAS \s=7 TeV,J- Ldt= 491b
W 10° —e— Data 2011 !
C—— Drell-Yan :
104 3 Dijet & W+jets :
3 [——] Diboson :
10 N :
10?
10 .
1 : *
10" ;
S 14
ol 12 ey + Tle L (@]
o'a 08 "'"‘“‘*;**‘ﬂ“{;;[; ll $T =
5 06 i
70 100 200 300 1000 ]
M [GeV] ©

Double differential cross-section

1/a,, do/dIY (uy)l

data/theory

0.7

0.6

s
n

0.4

0.3

0.2

0.1

@

12F

—e— Data (u)

Il FEWZ+CT10 NNLO

[ FEWZ+NNPDF2.1 NNLO

Il FEWZ+MSTW2008 NNLO

[ Il FEWZ+CT10W NNLO

Il FEWZ+JR09 NNLO
FEWZ+ABKM NNLO

- I FEWZ+HERA NNLO

TTT 1T T T T 11T
60 < M{un) < 120 GeV

Z mass

vl b b b B Iy

1AE

1

09

08
07,

o by b b [ g

g

0 02 04 06 08 1 12 14 16 18 2 22 24
Dimuon Rapidity, 1Y {w)!

— 0.0016

0.0014

0.0012

/o, do/dIY (up

0.001

0.0008

0.0006

0.0004

0.0002

data/theory
i o Lic ek B

OoO00C e

ast'aNs=7Tev ~ CMS Preliminary

® data

YL — U
YL — 1T
EWK

{E-tWHW
QCD

I i

ry hd

15 30 60 120 240

600 1500
M(uy) [GeV]

I

:

M FEWZ+MSTW2008 NNLO
Il FEWZ+CT10W NNLO
Il FEWZ+JR09 NNLO
FEWZ+ABKM NNLO
I FEWZ+HERA NNLO

—I-II|I\I‘\\I\III|III|\I\|\I\\III|I||\\|\I\|\I4—
[ CMS Preliminary, 4.5 fb" at\'s = 7 Te) 200 < M{.u) < 1500 Ge' ]

high mass

—e— Data () “\
Il FEWZ+CT10 NNLO N
— Il FEWZ+NNPDF2.1 NNLO —\+~ .

coa e Lo Lo Lo Loaa Lyl

I

0 02 04 06 08 1 12 14 18 18 2 22 24

Dimuon Rapidity, 1Y)l
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Events / GeV

Example: the ZZ production

Inclusive cross-section

0% [pb)

10

ATLAS Preliminary

T T T I T T T | T ]
NLO QCD (MCFM, CT10.0) _|
27 (pp) (66<m <116 GeV) |
—_— ZZ (pp) (66<mH<116 GeV) |

------
L
-----
o
L
P
an"

.
.
.

LHC Data 2012 ({s=8 TeV)
O ATLAS ZZ Illl (66<m <116 GeV) L=20 fo'!
V. CMS ZZ llll (60<m <120 GeV) L=5.3 fb!
LHC Data 2011 (ys=7 TeV)
® ATLAS ZZ— li(l/vv) (66<m <116 GeV) L=4.6 fb’
v CMS ZZ— llll (60<m <120 GeV) L=5.0 fb!
Tevatron (1s=1.96 TeV)
® DO ZZ— li(l/vv) (60<m <120 GeV) L=8.6 fb!
A CDF ZZ-s ll(lifvv) (on-shell) L=6.0 fo™' -

Measure

Il I 1 Il I 1
12 14
\s [TeV]

\1 ()I

aTGC's from kinematic distributions

CMS Preliminary \'s =8 TeV, L =19.6 fb

?-‘._ﬂ‘
0.01

~ e | | |
8 e DATA
I I I I UL IS I UL IR = 1k \:]zz -
12 ATLAS —— Data - Z F P wWzZz + iets 3
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Multi-boson production
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alGC summary

ATLAS LimitsT

.U.”?it.s on WWZ aTGC

IFeblleirlnIitls O.n‘V.VWV. QTG C.

L

S

LEP Limit [

A K, | | Wy -0.410 - 0.460 4.6 fb::
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WV -0.110- 0.140 5.0 b’
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-0.5 0 0.5 1 1.5
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GC
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ATLAS Limits !
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aTGC Limits @95% C.L.
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3 — zZy -0.003 - 0.003 5.0 fb™
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r20uLIMILS on WWY aTGC
II|IIII|I‘II|IIIIIMIFL»%.éILilrtl'r;its|I

T
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0.048 4.9 fb’!

@

o

SU(2)xU(1) gauge Invaftanc

Results are included’ jmm“LHC Tevatron, and nggbmg@aﬂyﬁﬁs of
'states mvolwng charged:-an neultrazl trlpl'e, gauge-couplings.’ "

The presence of a possible charg
_ parametrized-in-the EP parametrization whlcerFesrpec

nce and conserves Cand
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y — Zy -0.009 - 0.009 4.6 fb™
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aTGC Limits @95% C.L.

I ! I A1I'LA1°> Lirinits| I;i I
CMS Limits
le Wlth SM predictions . o050
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Triple-boson production

© CMS search for WVy, V=W,Z CMS-PAS-SMP-13-009
o WV

o V-

@ Main background: Wy+jets

o 0 <241 fb (3.4xSM) / exp. < 309 fb (4.4xSM) at 95% C.L.
o pT(y) > 10 GeV

@ Can be interpreted as a limit on aQGC

CMS preliminary

Events/ 42 GeV

[rat=193m'  is=sTev
—————
Muon Data jets — y bkg
R MC Uncertainty Zy+lets
SM +a) / A2= 50 TeV? I top
I Wy+jets

:IIII|I| I\III.I.I] IIIIII\Il ||I|II.I.I.| IIIIIIJ.ll_{

107

10
g J
= o :
g 2 E
s et
g F | . + | | ]

100 200 300 a

Ustron 2013 Photon P; Gev)

Limits on WWyy aQGC

LEP L3 limits —_— CMS WWy limits —_—
July 2013 DO limits CMSyy — WW limits ==
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy [- 15000, 15000] 0.43fb™ 0.20 Tev
vy - WW [-430,430] 9.70fb’ 1.96 TeV
—_ ww -21,20] 19.30fb" 8.0 TeV
al¥/A? TeV? Y -21,20)
vy — WW [-4,4] 5.05fb" 7.0 Tev
WWy [- 48000, 26000] 0.43fb™ 0.20 TeVv
vy = WW [-1500,1500] 9.70fb™ 1.96 TeV
— . WWy [-34,32] 19.30fb" 8.0 Tev
a¥/A® Tev?
.............. yy—=WW  [-15,15] 5.05fb" 7.0 TeV
I WWy [-25,24] 19.30fb" 8.0 TeV

fro /A" TeV*

-10°-10*10°*102-10 -1 1 10 10? 10° 10* 10°
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Very rich top physic program at LHC
» Most analysis limited by systematics
Production
» Top pair production cross-section with
~5% uncertainty
e Single top
« t-channel cross-section with ~20%
precision
e observation of tW process
Properties:

* Mass measurement (>1% at LHC)
 Polarisation, asymmetry, couplings

Ustron 2013

Top physics

0000000000000
LIGHT HEAVY
TOP QUARK

SPARTICLLEZ 10

TOP QUARK l

Discovered at Fermilab in
1995, the TOP QUARK
is as short-lived as it is
massive. Weighing in at
FY Iu'l't'\' 175 GeVoits
lifetime, a mere 1002
second, is the briefest of
the six quarks. Top
Quarks are an enigmatic
particle whose personal
life: is sought after |J_\'
thowsands of ]1I5l1,'.-airisr.-.'.
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gravel fill for
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electroweak interaction

o Direct probe of Wtb coupling and V_in

CKM matrix

@ Challenging, mainly due to the
background from W/Z+jets, tt

o Use MVA techniques

> ATLAS-CONF-2012-056, ATLAS-CONF-2012-132

> CMS-PAS-TOP-12-011

L ATLAS Preliminary
t-channel single top

o(t)=83+20pb at 7TeV

cr(t)=951110 b at 8TeV

o [pb]

antitop |

=Theory (approx. NNLO) |
$1.04 fb" arXivi1205.3130
$4.7 o' ATLAS-CONF-2012-056

15.8 fb' ATLAS-CONF-2012-132 |
1 I 1

top+antitor

5 6 7 8 9 10 11 12
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CM energy [TeV]

G [pb]

)

@ Single top production through

q' q

t-channel s-channel

65/87pb at 7/8TeV

HI

Wit-channel
16/22pb at 7/8TeV

t-channel single top quark production

102§

10}

! I ' J : ] ! . y I > ! k
] CMS preliminary, 5.0 fb'
L CMS, 1.17/1.56 ib™
v DO, 5.4 b’
A CDF, 7.5 fo'

~ o(t)=6716

P e NLO QCD (5 flavour
theory uncertainty (scal
Campbel, Frederix, Maltoni, Tramantar

scheme)
le ® PDF)
0. JHEP 10 (2009) 042 |

NLO+NMLL QCD

E = theory uncertainty (scale ® PDF) E
E Kidonakis, Phys.Rev.D 83 (2011) 091503 ]
A . . . . | A A A | L L L
0 2 4 6 8 10
Vs [TeV]

g9 B b

5/6pb at 7/8TeV

b at 7TeV
o(t)=80+13pb at 8TeV
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o RatioR =a/o_is sensitive to u/d “ 3

+ ['-
content of proton ws g
b
b
g b

CMS-PAS-TOP-12-038

CMS Prellmlnary 122fb ~Ns= 8TeV 8TeV %‘f
T I T I T T I T T I T T I T T I LI | [l I L I LI
ATLAS'CON F'201 2'056 7TeV (W\é@ ?(gﬂPSﬁPZOBE; 1.?%: 0.15 (stat) + 0.22 (syst) $
ATLAS Preliminary JL dt=4.7fb" Vs=7 TeV " CTEQSM

ATLAS result : crio

ABKMO9 —— B vesos =

NNPDF 2.1 L ——— -

MSTW2008 . MSTW08 NLO 90CL N.=4 i -

GJROS = . HERAPDF 1.5 NLO .

CT10 (+ DO W asym.) ——— :

: .NNPDF2.1 Ne=4 -

CT10 ; — \
"""""""""""""""""""" |||||l||||||1||||||||1|||||:|1||||||
1.2 13 14 15 16 17 18 19 2 21 29 04 06 08 1 12 14 16 18 2 22
R Ratio = o(t)/o(t)

t

R =1.81 % 0.1(stat) + 0.21(syst) R =1.76 £ 0.14(stat) £ 0.21(syst)
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© First observation of the Wt production

by CMS (8TeV)
o Significance 60
o 0=235x550pbat8TeV

CMS PAS-TOP-12- 040

700 T AMSRRAEARESEAN
u CMS Preliminary, Vs = BTeV é?ﬁta
600 _—12 2 b ey/pp/ee channels |l
- 1jit Bl 2/ +jets
500 -Other
- [ Syst
()] - .
€ 400—
o -
> -
LW 300—
200
100— .
0 . . . . . ‘
®|, 1.5
Slo -
94 . -
J< =3 51‘%/%/%” St unee WW&«MMW%
923 02 01 0 01 02 03
) BDT Discriminant
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Wt production

: W b w
H I
t
g : t

Wit-channel
16/22pb at 7/8TeV

@ Evidence by ATLAS (7TeV)

o Significance 3.30
o 0=16.8+2.9(stat)x4.9(syst) pb

Events / 0.03
® O
(@) (@)

(o))
o

N S
\OI T IO\ T

o
LI

'T 08 -06 0402 0 02 04

— -¢-Data -
ATLAS 7} JES uncertainty

4 Ewt .
B JLdt=2.05fb Ot _|
‘ COWW/ZZ/WZ .
Vs=7TeV [CZ(ee/up)+jets
- . . CZ(tr)+jets
. Dilepton 1 jet @ Fake dileptons

Phys. Lett. B716, 142 (2012) @

BDT output
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Conclusions

@ Big progress since the discovery of a Higgs boson just a year ago!
« Observation bosonic decay modes with high significance
« Evidence of fermonic decays
* Precision mass measurement
« Constraints on couplings and tensor structure
=> |t looks more and more like the (minimal) SM Higgs boson
@ There is a very rich SM physics program

o Some results shown
» W/Z cross-sections

e Double and triple boson production and constraints on aTSG's & aQGC's
« Single top production discussed

=> Very good agreement with SM predictions
Standard model complete after the Higgs boson discovery!

It looks very standard... with current precision

o Still many things remain to be seen/measured/clarified
- Is observed Higgs boson responsible for the V V| scattering unitarisation?

 What is a nature of Higgs potential (=double H production)
 New physics in rare decays?
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© Higgs boson discovery
announced in July 4™ 2012

o m ~125GeVic?
o Driven by high resolution
channels:
H-oyy&H-2ZZ -4l

o Supported by the “high
rate” channel
H-WW_Iviv

Local p-value

—_

1
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ATLAS 2011

T
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CMS

To-be-seen Higgs

Rare channels (more data needed to reach sensitivity):
H-Zy, H- up, ttH
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H - Zy search

@ Similar branching fraction to H - yy, further suppressed by
the Z - Il decay

@ Enhanced/suppressed independently on H- yy
o Sensitive to deviations from SM
@ Main background: Z+y (ISR, FSR), Z+jets
o Signal from fit of Am = m,-m, (ATLAS) or m, (CMS)

o Not sensitive on SM yet, limits (95% C.L. at m =125 GeV/c®)
o ATLAS: 18.2 x SM (exp. 13.5 x SM)

.5 ATLAS-CONF-2013-009 10 arXiv:1307.5515

_— T T T T T T 1 T T T T .I ! I T T T T I T T T T | T T T T I T T
I\P.I’ — Observled ’_r% = CM;é Preliminary j O'b i '
0 40 J Ldt=4.6fb",(s=7TeV E v - : g T UDbserve
----- xpected 35 As = TV bom 5:0-fbrt ot .
I a4 = m = : : L - == Median Expected
= Ldt=20710", 1s =8 TeV It 1o 3 % E (s=8TeVL=196fb" |
» E O\ s I - Expected = 1 0
b +2c E. = Electron + muén channels E d+2
= ~ :_ : : vxpecte + .0
" imi S 25¢ | | |
T ATLAS Preliminary 5 s ; ;
L 3 = o
e o | |
5 M | |
= X S
E )
O :
R i
L fomimim e P [ i pommpmimr 3
o L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I - - - I IIIIIIII I - I - I
145

120 125 130 135 140 145 150 050 125 3 35 140 150
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H- U search

@ Probes coupling to 2" generation fermions

@ Very small Br ~10*
o Very high statistic required (~3/ab for >50) — case for HL-LHC
o Search for small bump in m  ontop of continuum background

o Parametric fit of mw distribution

@ Main background: Z/y* - up

© First results obtained by ATLAS (ATLAS-CONF-2013-010)
o 9.8 X SM (exp. 8.2 x SM) excluded at 95% C.L. at m =125 GeV/c @

o CMS analysis ongoing

1010 i T T
+ Data ;;;‘ SM( mt]
10° ATLAS Prellmlnary B SogcTop [ Wents

=~
@
®
2y JE V5= 8Tev, | Lat=207m" B ww &
= 70 R I B S LA e ® 10 sty 0 wzizziwy [l Z+ets
s u ATLAS P Prellmlnary Hou s 107 et O H 125 Gey
2 - -1 i
£ 60p —-—Observed — - "Oi
- £ ----Bkg. Expected .[ _ -1 ] 10
— C = i
d 500 -J_r,lo Ldt=20.7 fb = 10*
S - L#20 Vs =8TeV . 10°
[Ip] 40_— ]
()] C |
30F -
20 = 5
- ] P
10 — S
01015120 125 130 135 140 145 150 ~50 100 120 140 160 180 200 520 240 260

Ustron 2013 m, [GEV] m,, [GeV]
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ttH search with CMS

e Very challenging mode:
o Low cross-section
o Backgrounds from tt+X

e The only mode that offers direct Combined result 2
probe of the Htt coupling at tree level o Limit(m =125 GeV/c)

ttH(bb+TT) CMS-PAS-HIG-13-019 3.4 x SM (exp. 2.7 x SM)

© Signal extracted with BDT's separate
for several event classes with different -

CMS preliminary bb, 1, vy (s=7TeV,L=5.0fb"Vs=8TeV,L=19.5fb"

jet and b-jet multiplicities N AR B R
o Limit (95% C.L., m = 125 GeV/cZ) E s B8 Expected 1o ......................
5.2 X SM (exp. 4.1 x SM) A S L
ttH(yy) CMS-PAS-HIG-13-015 2
o Parametric fit to the di-photon mass  °
In all-hadronic and semi-leptonic tt J—
events with loose selection and s N
>1 b-jet NS PV P T
- - 10 1 120 12 130 1 140
o Limit (95% C.L., m = 125 GeV/c?) 5 T meey

5.4 X SM (exp. 5.3 x SM)
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ttH with ATLAS

ttH(bb) 7TeV ATLAS-CONF-2012-135 E 1 e (MBJ) :
o Signal extracted by fit to H_ " : = E
distribution for several event classes % a0
with different jet and b-jet multiplicities N
o Limit (95% C.L., m = 125 GeV/c?) i
13.1 x SM (exp. 10.5 x SM) - l |

ttH(yy) ATLAS-CONF-2013-080 me s

@ Parametric fit to the di-photon mass 55 O T o T
in events passing loose leptonic O S E

. ; % — —— Expected CL_ limit ttH channels comb.

(=1 lepton) or hadronic tt selection C b Wi ATLAS preliminary

o Limit (95% C.L., m =126.8 GeV/c?) E 5 = fif_zgfsv;_fﬂev ]
5.3 X SM (exp. 6.4 x SM) 2 2F E

@ 15 =

0:. prep=grmEy g el Sl nlie il mhial halbriialt il Suliriie Pl | \:
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Properties: o
* Mass measurements

e Couplings

» Spin-parity determination

Ustron 2013
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CMS preliminary Ys=7TeV,L=51f" ys=8TeV, L =1961b" |

I
o

® 0*vs 2*: Graviton inspired ot =

o Can be produced by qg or gg annihilation
. qu — fraction of qg/gg produced signal (in
minimal 2° f =4%) oon}
o ATLAS (H-vyy, H-ZZ - 41, H - WW = [viv)
. %“ (100% gg) excluded at > 99.9% (exp. >99.9%) '
L.

Probability density

J"l.,‘
0.06}

2xIn(L . /L)
Zn(gg

e 2" (100% qq) excluded at > 99.9% (exp. >99.9%)
C.L. ATLAS

e Data

o CMS (H-ZZ-4l, H-WW - Ivlv) e
« 2" (100% qq) excluded at > 99.4% (exp. >98.8%) T s ASSuMing J7 ="

; B+1c
C L Vs=8TeV [Ldt=20.7 fo"

H - WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fo"

—~ 1 4
N b fo
10 ]

o F E

i N S 2c
“p10

(@)

3o

....................................................................... 4c
10°

10

® SM quantum numbers (J°=0%) strongly favoured!
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