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® Introduction
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iggs decays to bosons

iggs decays to fermions

o F
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Som

:iggs properties
eyond standard model Higgs

e disclaimers:

*  Not all results are shown (there are too many!)

*  Analysis details, when given, are typically for CMS
. Results for both CMS and ATLAS are shown
o Emphasis is on SM Higgs




Introduction:
SM Higgs physics and pre-LHC search




4 | ™
“The SM Higgs boson”

A single elementary scalar particle (/ P =0%), quantum of the
Higgs field that gives mass to the gauge bosons and the fermions

L=(D,¢) (D*p)-(u?4* + 19*)-LFF,,

\ J
Higgs potential / r ~

p<0 |y -2/ V:(\/EGF)_%§246GeV
>0 =vev My = J22v

V()

Because A is not predicted, the Higgs

boson mass is a free parameter in the SM

¥ +y Gauge boson and fundamental fermion masses:
g g Qv m,, gV
\/\/ mvv:?,mz:w’mf:f
0 W %




4 ™
Higgs search, 70’s style:

&
Ellis, Gaillard, and Nanopoulos, Nucl. Phys. B106, 292 (1976) =
- +
MH < 0.7 MeV . w w
excluded by neutron -electron scatlering
M, <13 Me¥
excluded by neutron - nucleus scattering - _H_. -
M, <18 MeV
excluded by nuclear ¢'~0 transitions i - +
\ W L]
3 M, <21 MeV ;
~ 7] accessible in wp~Hn at low energies? \/
) 7] My<350 Mev '
- - i R ? .. Requiring unitarity in
accessible n K-m+H decay Re qulrlng V(V) < V(O) q g ' -y
M, <530 MeV : WW scattering gives:
-/ bl in 17~ 31+H decay? gives: my; > 7 GeV
accessible in 37~ 31¢H decay” mH < ~ 1TeV
500 MeV <M <1500 Mev . .
2ccesshie i moderate Weinberg and Linde (1976) Lee, Quigg, Thakcer (1977)
energy (W) experiment ?? ’ ’
1500 MeV <M, <4000 MeV
accessibie in pp-~{uulek .
R IR S R RN at high energies 77 By 1980 we knew the mass of the Higgs

1 3 0 3 10 30 0 0 0t '
Higgs Boson Mass (MeV)

boson was 1n the range 7 - 1000 GeV
125 GeV

- /




6 July 2010 my i = 158 GeV
(%) _
5- oY Al pq = |
1 i —0.02758+0.00035
M 0.02749+0.00012
4 % i ees incl. low @2 data —
3 _] —]
2 _] —]
1 _] —]
0 Excluded WA Preliminary
T T T T T T 'I T
30 100

LEP and Tevatron

m,, [GeV]

300

my > 114.4 GeV

95% CL Limit/SM

e ] ' uly 19,
100 110 120 130 140 150 160 170 180 190 200

proton

LEP Exclusmn= , o , N Té§|5t|r6ﬁ|

-
o

- . L Exclusmnn

mH(GeWc )

my < 158 or > 175 GeV

/




At the dawn of the LHC era

July 2010
|

' |
{1 — LEP2 and Tevatron (prel.)

80.5 -~ LEP1 and SLD
68% CL

150 175 200




SM Higgs boson and the LHC
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SM Higgs Production at the LHC

Gluon Fusion

q q

q H

Vector-Boson
Fusion

g/ W/Z

LHC in 2012 at record luminosity (7 x 10°*> cm™s™") and energy (8 TeV) was

8 f

Higgs—strahlung Top Fusion (tEH)

RN
o
N}

—_
o
T T

o(pp — H+X) [pb]

—_—

—
Q

\'s= 8 TeV

200 300

1000

M, [GeV]

producing SM Higgs bosons (Mj; = 125 GeV) at arate ~750/hr

LHC HIGGS XS5 WG 2012

™~

/




How does it decay?

Br (%) for m;; = 125 GeV 1: bE e lWWI \
60 - I 1
| 77_-

50 -
107t L 2¢ E
30 - i

Fortuitous! Only

region 1n my, where

-

‘-

B |
|
20 - 107 !
10 - i WA
bb WW 17T /7 Yy

| III||I III‘I
100 120 140 160 180 200

10° —
M, [GeV]

* (Cross sections are large

* Fermion decays (bb+1T) are accessible

* Natural width is negligible

/

LHC HIGGS XS WG 2010

/




(@Low mass
Narrow! I} /m,~107
Observed width dominated

by detector resolution

(@High mass
Higgs becomes a broad

resonance dominated by

natural width

Theory input is critical

10"

102

What does it look like?

: DetReS=12/) ....... _

(Y1, 2Z)

100 200 300 500 1000
M, [GeV]

/




e

Detector Resolution

-

SM Higgs Analyses @ LHC

() TT WW Three classes of SM analysis:

] 20% O O
1) High sensitivity, high resolution

| 10% VY, ZZ

2) High sensitivity, low resolution
WWwW

3) Low sensitivity, low resolution

1% 44
4 ® 77 T,
>

Sensitivity

All particles / physics objects are important: charged particles, photons,

detectors like ATLAS and CMS to find the Higgs boson at the LHC!

electrons, muons, taus, jets, missing energy, b tagging. Need multi-purpose

/
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Delivered Luminosity [fb

-

2012 LHC + ATLAS/CMS Performance

35 ATLAS Online Luminosity E
30:_ === 2010 pp \/s = 7 TeV E
2011 ppVs=7TeV 4
T 2012 pp Vs =8 TeV .
25— 7
20— =
15 E
10— =
5 ]
0: | | | | n
yao o’ W oct

Month in Year

® Phenomenal performance:

CMS Integrated Luminosity, pp

25

20

15

10+

Total Integrated Luminosity (fb ')

2010, 7 TeV, 44.2 pb '
= 2011, 7 TeV, 6.1 fb '
— 2012, 8 TeV, 23.3 '

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

r »x 100
1

4120

115

110

o .
<
NP

W N 4O x“oq 4%
Date (UTC)

® Record luminosity (>5x 1033) obtained soon after startup in 2012

e Sustained data collection rate of > 1.0 fb'! /wk
e Total delivered / recorded (@ 8 TeV = [ 23.3 / 21.3 (ATLAS), 21.8 (CMS) ] tb’!

™~

25




The new boson decaying to bosons




Overview of Search for H — vy

* Experimental signature
® Narrow (1-2%) diphoton resonance
* Hard diphoton p spectrum
* Isolated photons
® VBF: spectacular diphotontdijet

Two isolated high p, photons

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




H — yy: CMS results

LA S I [ B I N O N Y N N B B B B CMS\S=7T V,|_=51 fb1 s=8 eV’L=19_6fb1
—CMSPreIiminary —— Data | % 1?-.I“TlllIIIIIIIII|IIIIIIIIIl;TIIIIIIIlllllg
[ {s=7TeV,L=5.11fb"(MVA) SZB;?C t 1 = A : 1% §1
T B A Ay T g Fit Component ] S - 1 H c
(s=8TeV,L=106 1" (MvA) ¢ 1 Z10p \ I — ;
B : 20 T C_U E .-"“----.,______ _.:‘,.__:_ B S u A E
- 1 © - 20
: 1 S10% W 2
- i : } ,"":30
I i 10° - ¥ R
- - -4 __ ~‘~s~ ..-\'\.__ ................. o"" __
i i 10 = . —— H-7y obs. E
_ _ F - o —==] === Exp. for SM H —540
I 5L R P \s=7TeV |
i ’ 107 cMS preliminary (MVA) ... \s - g Tov
= - _I 111 | 1111 | | - | 1111 I N T Y I O I I I | I_
v v by b b by 110 115 120 125 130 135 140 145 150
110 120 130 140 150 GeV
GeV rnH ( e )
my, (GeV)
Bestfitu = o /o SM = Exp (obs) significance =
0.8 + 0.3 @ 125.2 GeV 426 (3.2 6)at 125 GeV
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H — yy: ATLAS

> 10000 ' ' T ' ' ] . o
0] | Selecteddlphoton sample : EXP (Obs) Slgnlflcance -
QU ®  Data2011+2012 ]
‘u; L Sig+Bkg Fit (mH=126.8 GeV) _
T T egy e Bkg (4th order polynomial) i 4_ 1 G (7 4_ G) @ 126 5 Gev
G S ATLAS Preliminary — ) ) ’
w - TRty H—yy -
4000 — —
C Vs=7T V,JLdt=4.8 fo' N —
T . | n=17+03 |
- \'s=8Tev,JLdt=2o.7 o ]
E) 500;_ 1 1 I 1 1 _;
e} 400E- E
8 228? _é Q_O 103lllI‘\\lll\I\lIl\\\Ill\l\llll\\llll\l\
= 20E + + + § o5 102 —-— Expectedp, ATLAS Preliminary
. °E | Jf E S 10 - —— Observed P, H—yy
)
I IR S e\ 0
o 100 110 120 130 140 150 G \}]60 1 02 3G
m., [Ge
§ e, 4o
10 “
10° Data 20111s =7 TeV 56

18:; —— Obs. 2011 J'Lc“ _asih
ATLAS sees more signal events than 100 B Exp. 2011 | [
101°F — Obs. 2012 Data 2012 s = 8 TeV
expected in both 7 and 8'TeV data 101 — = Bxp. 2012 J.Ldt 207 o 76
:}8—13
10‘14IIII‘\\Ill\l\lll\\\||||\|\||||\\||||\|\
110 115 120 125 130 135 140 145 150

my, [GeV]

-
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H — vyy: Signal strength by category

CMS

MET
Electron
Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0

CMS preliminary
Vs =7 TeV, L =5.1 b (MVA)
Vs = 8 TeV, L = 19.6 f" (MVA)

—Jl- Event Class
[ combined
m,, = 125.0 GeV
0lGgy, = 0.78+0.28-0.26

-

| | |
5 10
Best Fit G/GSM

Unconv. central
low p.
Unconv. central
high p

Tt
Unconv. rest
low p

Tt
Unconv. rest
high P,
Conv. central
low P,
Conv. central
high P,
Conv. rest
low p.
Conv. rest
high p.

Tt .
Conv. transition

Loose high-mass
two-jet

Tight high-mass
two-jet
Low-mass
two-jet

Er significance

One-lepton

2012 data
combined

ATLAS
BN

ATLAS Preliminary

Data 2012, {s =8 TeV

det =20.7fb"

H— vy

m,, = 126.8 GeV

6 8 10
Signal strength

/




4 ™
Overview of H > 772" — 44 ({=e,pn)

o Advantages

Four muon (+ 1 photon) W(Z,) py:28 GeV

® Very clean channel

event from 7TeV dataset.
® Excellent mass resolution ~ massof4p +7y=126.1 GeV

° Readily available trigger

o Challenges

* High S/B, but very low S for
Higgs masses near 125 GeV

Y(Z,) E;: 8 GeV

W' (Z,) pr:6 GeV
® Must maintain high lepton trigger
/

and reco efficiencies

W'(Z,) py:67 GeV

NG W(Z,) pr: 14 GeV




Events / 3 GeV

20

H—> ZZ" - 48: CM

L=5.1and 19.6fb"at s =7 and 8 TeV

CMS preliminary
| - |

¢

I 1
Data

B z+x
1 zy-,zz
1 my =126 GeV

o hoi e 2821 (7TeV, 8TeV)
—— HoH e 4 (7TeV, 8TeV)
,_Oj ‘o1 4e  (TTeV, 8Tev)
HH e
HH ——
- =0
- — HIH e
HO—8—8——1 O+
o+e— O | HeHHEH—e— 8 e — 8 —— —— H-H—S0—]
I HH o8O 8O S8 O 8 88 10— 08— ]
s ¥l

CMS Vs=7TeV,L=5.11t";Vs=8TeV,L=19.7 fb"

> o - Data — 7
(q_r'; 35 N [ Jm =126 GeV ]
[4p) 30:_ DZ’Y*,ZZ _:
~ - B z+x ]
(2] B :
25 %
\a;,\: pPp > 44"
W 20\ =
15 =
10| =

140

160

180
my, [GeV]

it

80 100 200

!

Higgs Boson

600 800
m,, (GeV)

including the uncertainty

™~

4-lepton mass for each event,

/
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H—ZZ" — 4¢: CMS (MELA)

® Matrix Element Likelihood Analysis:

* —1
MELA — [1 + Pbkg(m1;m2;91;92;(l),9 ,‘I’1|m43)]

Psig(mla ma, 91: 92: (I): 9*3 (I)l |m4£)

* Exploit known kinematics and topology of a scalar X

decaying to two heavy vector bosons then leptons

cMS Vs=7TeV,L=511";Vs=8TeV,L=19.7 10"

0.25

0.2

0.15

0.1

0.05

|
120 130 140 150 160 170 180
m,, (GeV)

/
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x .
H—> 77" —> 4f: CMS and ATLAS
CMS Vs=7TeV,L=5.1 fb':(s=8TeV,L=19.7 b Q_O I I I I L B B O B
QO 11 T [T T T TTT T T T T L ﬁ 105 —— Obs 2012 ATLAS Preliminary
S101E e R Exp 2012 :
C_U10 B 1 8 q¢ T Sbs 2011 Ho 22" 41
> 30 e Exp 2011 \s=7 TeV:[Ldt =4.6 fb”
1107 e —— Obs Combination ' '
Q F - 10F - Exp Combination  ys—g TeV:[Ldt =20.7 ft
@10~ F — Observed £, . . BN = o2 1o
C_C-)J 2 — Observed di : ’ o 10 a\\" 20
10 B — Observed £, :, ,'1’ Ny 107 e 30
10‘9 : - - - Expected ‘:‘ E 10_5 = N e ; ::: 46
10-11 :_ :: _: 10-7 ::. ‘ 50
1075 n :' 4 1o !
10-17_1|\|||||L|||||\:‘||“||||||||v'|:J||\1|J|\1— 10-13 |\|\||||\|“‘a‘l‘.|\\|\|\|\\|||.':::||\||\|\|\ ©
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180
m,, (GeV) my [GeV]
Exp (obs) significance = Exp (obs) significance =
6.70 (6.80) @ 125.7 GeV 4.4G (6.60) @ 124.3 GeV
L | 1 =0.93%522 (125.6 GeV) | | 1=17%35 (1243 Gev) | Y




a I
H—o> WW 52{2v

R * High sensitivity, low resolution

32 GeV . l\ e )nd largest G x BF
\ ® Charged leptons for trigger
/ eP; * Controllable backgrounds
34 GeV ® Kinematic handles
<\ '

Spin-0 Higgs + V-A weak int. =

small angle between €%, and v’
W

O @

v

—

K Only real drawback is no sharp mass peak (20% resolution in M) /

s)
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m, [GeV]

60

H—> WW" — 2£2v: CMS Strategy

® Separate events into categories: 0, 1 jet, same/opp flavor

® Perform 2d fit over dilepton and transverse masses

CcMS 49" (7 TeV) + 19.4 1" (8 TeV)
L B S By B S ey B
|- data . WZ+ZZ+VVV m, = 125 GeV 1
2000 — H—Ww top eu 0/1-et -
W [l DY+ets ]
I W+ets WW
1500

N
o
o
o

£
o]
.
[22]
-
c
[
>
@
o
[}
—
=
=
[
=
aa]
+
[2)
=
w

(%))
o
o

1947 (8 TeV)

120
m; [GeV]

100

o]
(@]

50 100 150 200

m,, [GeV]
cms
c = 100
8 é backgrounds
@ 2
100 5 E 80
>
W
60
50 —
40
20

60 80

100

CMsS

49" (7 TeV) + 19.4 b (8 TeV)

1000

500

S/(S+B) weighted events / bin

19.4 ™' (8 TeV)

120
m, [GeV]

——
| - data
— H— ww
.WT(')

[ WHets

Events / bin

100

W Wz+ZZVW =125 Gev |

top

[l Dy+ets

ww

en 0/1-jet |

60

40

20

60 80

1947 (8 TeV)

\

Events / bin




-

S/(S+B) weighted events / bin

N
o
o

5.86 (4.30) (@ 125.6 GeV

H—> WW" - 2{2v: CMS Results

CMS 4.9 0" (7 TeV) + 19.4 fb" (8 TeV)
I | 1 1 1 | ‘ 1 | | 1 ‘ | | 1 1 | | 1 1 | ‘ 1 1 ]
i -o- data - backgrounds m, = 125 GeV |
| — H—- WW 9].1 O/1-jet ]

[~ N bkg uncertainty . s
i 0,1 jet,etp

Bkg subtracted |

|

100 150 200 250

m; [GeV]

Exp (obs) significance =

25

20

Significance

15

10

]

CMS 491" (7 TeV)+19.4 " (8 TeV)
. H— WW (all channels) ]
s Expected |
— — QObserved —
7I‘ | I I T B | [ \.J.J-i-'"l‘-?-H_LI\I\I‘I\IIIIIII'IIHHIH
10 200 300 400 500 600

Higgs boson mass [GeV]

| =0.7273%0
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Events/ 10 GeV

H—> WW" — 2{2v: ATLAS

: | T T T T | T T T T | T T T T | T T T T | T T T T :
60— o —# Data << SM (sys @ stat) |
= ATLAS Preliminary @' mEwzzzws T
C {s=7TeV,| Ldt=46fo’" [Ja [ SndeTop
50_— o) . Bl Z+jets [] W+jets —]
- H—WW' '—evuv/uvev + 0 jets Bl H (125 Gev] .
40 —
30 . .
- O-jet,etp
20— —
10 -
OI: L ]
50 100 150 200 250 300
my [GeV]
> 200 T T T T T T T T T T T T T T T T T T
[0 - ATLAS Preliminary —¢— Bko subracted Data -
2 ysol Ns=7TeV ] Ldt=as i’ [] Hirescew B
£ - \s=8TeV,| Ldt=20.7 fb" ]
o T HoWW Sivv + 01 jets . ]
3 100 Combined, ]
B + bkg sub ]
501 .
o .
: | -+-\ | | | -

P I T B B
60 80 100 120 140 1

60 180 200 220 240 260

my [GeV]

Local P,

10° g

107

10

1
107
10%
10°
107
10°
10°

U L L LA I B B B B
ATLAS Preliminary Vs =7 TeV:|Ldt = 4.6 fb'

HOWW iy 's = 8 TeV:|Ldt = 20.7 b
£ —— Obs. - +lo =
E ---- Exp. m =125 GeV []+2c =

Oc
o
20

30

v b b by Py
120 130 140 150 160 170 180 190 200
m, [GeV]

Exp (obs) significance =
3.7G6 (3.80) (@ 125 GeV

| w=101+031 |




The Boson Decaying to Fermions
(does it?)
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SM Higgs theory also explains the quark and lepton
masses via Yukawa couplings: is this the SM Higgs?

CMS Preliminary, Vs=7-8 TeV, L=24.3fb H—- 11

= 4.0 | T T T l T T T l bb
o —e— observed H ?
— H H
expected S e s 6p—r—1/—™m ——
© 3.5 P : n T CMS Preliminary ! ! |
c [ * 1o expected : 5 L [ S=7TeV L =5 fb —e— CL_ Observed N
o +2 ted 6 | STIIEWLT . --e- CL_H125injected |
— 3.0 l:l + 2 ?xpec e ............................................ ................. g 5 Vs=8Tev,L=1211fb -e.. CL: Expected N
g - [ VH(bb), combined m CL Expected+1c |
- e CL;Expected+2c 7
1 £
U .|
° -
N @)
o Q2
@ S
Q
=
>
7
<
X
lp]
(e)]

E T B R R
110 120 130 140 110 115 120 125 130 135
my [GeV]

m,, [GeV]

At CMS, March, 2013: excesses in TT (2.9 6) and bb (2.1 0),
combined observed significance of 3.4 6 for my; = 125 GeV. Higgs?

- /
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H — t1: Overview

* Importance of H— 17:
° Only sensitive probe of SM lepton coupling

* Complementarity with H — bb in down-type
fermion couplings

® Largest G x Br for SM my; < 130 GeV
® Sensitivity to BSM models

® One of the most watched questions to be

answered in 2013: does h(126) decay to taus?

e Broad-based search strategy
® Dominant background: 7 —>1TT
® Mass reconstruction with MVA technique

® Event categorization by production channel
and kinematics

q

VBF Process




e

In(1+S/B) w. Events / 10 GeV

w. Data-Bkg.

H — t1: ATLAS and CMS

End of 2013: ATLAS and CMS show updated results on the full LHC dataset

Weighted events in the clean VBF categories, signal already popping

out above background in the tau-pair invariant mass distributions

ATLAS Preliminary

H— 1t VBF+Boosted
f Ldt=203f0"

[ ]
\s=8TeV

®  Data
— H(125)— 11 (u=1)
[ Ay
Il Others
[ Fakes
77 Uncert.

dN/dm_ [1/GeV]

I — H(1 2‘5)—> T (u=‘1 )‘ - B
10_ nnnnnnnn H(110)— 1 (u=1) + |
P H(150)— Tt (n=1) + .
| 1 1 1 ‘ L 1 1 ‘ 1 ‘ L 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 L 1 -
60 80 100 120 140 160 180 200

m¥MC [GeV]

0.5

0.4

0.3

0.2

0.1

0.0

0 100

CMS Preliminary, 19.7 fb™ at 8 TeV

LR L A L A R L
SM H(125 GeV)—t -
—e— observed ]
CJz-tw
3 i -
[ electroweak .
[ acb

] bkg. uncertainty

uT,
Tight VBF tag

300 .
m_ [GeV]

200
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o 10°
>
= 107

o
Il

o 10

1

10'1§
102

10°
10
10°
10°

H — t1: ATLAS and CMS

?A?leé\ll)\rlellllr;lllrll‘a.\r\y\ T ‘ TTTT | TTTT

‘ 1T TT 1T E|
- —f(CluzO 1B) ]
g _ 1 e _ 3
JII:I_ 20.3fb 1s=8TeV _f(qu=0 | S+B)3
3 — obs
: TT qu=0

P, =2.0x10° (4.T0)
p. = 0.18 (0.90)

S+

Lol T B R S
0 5 10 15 20 25 30 35 40 45 50

q

n=0

ATLAS (mH =125 GeV):
* 3.20 (4.1 G) exp (obs)
+ p=1.4%33

CMS Preliminary, H—1t, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV
L L] L L]

Local p-Value
N s.'. -

108 —e— p-value observed
10-6 -------- expected for SM Higgs
50
10'7E' %
10°% —— ' '
100 120 140
my, [GeV]

CMS (my = 125 GeV):
* 3.6 0 (3.4 0) exp (obs)
e u=0.87+4+0.29

Strong evidence for Higgs decays to tau leptons!
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Higgs — uu or ee?

leptons should go like g &€ m,

o

o

95% CL Lim‘i:t ono xBR (H—

® U/ ee decays should be highly suppressed

® This is what is observed at CMS and ATLAS

o
N

relative to TT

CMS Preliminary Combination

— T ——
Fis=8TeVL=1961f" 1

H— ee

oL T
120

1 I 1
150
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=
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3
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[1d

(e}
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0.07

o
o
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o
o
@

©
o
N

©
o
=

CMS Preliminary

® If this is the SM Higgs boson, coupling to

® Would have seen L1/ ee by now —> this

particle does not obey lepton universality!

Combination

0.06F

0.05F

— T
[s=8TeVL=19.7f"

H— pp 3
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CMS Preliminary S/(S+B) Weighted
e e e RLLEN B
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E ﬁ=8 TeV L=19.7 1’0'1 —— Background Model
F —— Signal m =125 GeV x 20
0 -
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ATLAS Preliminary Central
\s=8TeV e Data 2012
J.Ldt -20.7fb’  —— Fitmodel
— Breit-Wigner
------- Exponential
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proton - (anti)proton cross sections

10° ——r Ty — T 10°
10° o 10°
10’ Tevatron  LHC: 10’ .
L e Inclusive H — bb?
10° 10° "
10° % 10° g
10° 410° &
b o (Ef">s/20) 2
2 F T 7' v Overwhelmed by QCD production
: 1 1 \‘] .
=" o ® 5 of bottom-quark jets (B/S ~ 10%)
© 10’ Gjet(ETiEt> 100 GeV) 10° 8
10" 10" @
10° 10° 2
)
10° G(‘;“;W 10° 3
10° f,’;; . 1 10°
10°  M128 Gev{j‘“’” § | i 31  Need to find another haystack!
10° e 5 1 10°
o . " o Boosted VH, H — bb
0.1 1 10

- /
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PD: /MET/Run2011B
Run: 177183

Lumi: 183

Event: 305295270

M(jj) = 120.0 GeV
o-(j) = 248.4 GeV

Jets:

- p7r=209.5 GeV,
CSV =0.889

- pr=46.2 GeV,
CSV =0.957

MET:

- 243.2 GeV
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S/(S+B) weighted entries

-

H — bb: CMS m.; distribution
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S/(S+B) weighted entries
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- \s= 8TeV,L=18.9 fb" T
- pp— VH;H— bb

—— Sub. MC uncert.
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iii
%
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Already from Mjj plot: a clear VZ(+VH) peak above SM
backgrounds with significance of VZ signal >60
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H — bb: CMS and ATLAS
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CMS (my = 125 GeV): ATLAS (my = 125 GeV):
* 2.10(2.10) exp (obs) °* 95% C.L.<14xSM
- u=10+0.5 * ~1.6 O exp sensitivity
* 1T+bb—>4.00 e u=02+0.6

Hint is there, but a clear signal for H — bb will only come in Run 2
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4 ™
Search for Higgs-top coupling

* Important channel
° Only access to real tops coupling to Higgs

° Busy events!

° Strategy
® Drops in the bucket!

Combine as many H decay modes as possible
Currently CMS has public: bb and yy (new!)
Also include Tt and WW/ZZ (CMS)

® Similar top reconstruction across channels

Bin in Njets and Nbjets

® Higgs mass only usetul (so far) in ttH(YY)




e

95% CL limit on o/cg,

ttH Results: CMS and ATLAS

CMS ttH Results

s
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Properties of the New Boson
(mostly from Moriond 2013)
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Signhal strength by decay channel

NB: Fermions updated for both CMS + ATLAS

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

| | | |
ATLAS Preliminary
W,ZH — bb

\s=7TeV: |Lat=47"

Vs=8TeV: |Ldt= 131"
H— 11t
\s=7TeV: |Lat=46"
\s=8TeV: [Ldt =13 it

H— ww" S viv

\s=7TeV:|Ldt=46"
Ys=8TeV: |Ldt=20.7 b
H— vy
\s=7TeV: |Ldt=4.8%"
\s=8TeV: L(d*t)= 20.7 b
H—- 77 — 4]

\s=7TeV: |Ldt=461h"
\s =8TeV: |Ldt=20.71b"

I [
i m, =125.5 GeV

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

w=1.30=0.20

-1

0

Signal strength (u)

Combined
1=0.80+0.14

H— bb
n=1.15+0.62

H—1t
u=1.10%0.41

H— vy
u=0.77+027

H— WW
n=0.68+0.20

H— ZZ
n=0.92+0.28

CMS Preliminary m, = 125.7 GeV

p,, = 0.65

p=0.80+0.14

0.5

1 1.5 2 2.5

Best fit G!GSM

Both experiments are consistent with the SM expectation




Signal strength by production channel

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

I 6 I I ! ! | ! ! I I |
% 10_\I TT TTTT T TT LU T T \H1I.ILAIS\ \F\) ‘ \I.\ T I.l LI ‘ T \\_ i,, B + H _)TT
% i reliminary 1 o I + HoWww
v sl Vs=7TeV: [Ldt=46-48f" | = + Ho 27z
T - \s=8TeV: [Ldt=1320.7 " 7 i
> B _ 4l H — bb
L 6 —
@ = —H->yy + Standard Model | i H— vy
= B —H77" L X Best fit B
41— —H->ww!” - vy —68% CL — 5 i
B K H— 1t --- 95% CL 7]
- ‘\\ H B -
2 3 — o= -
o = i 1
21 = i |
~ m,=125.5GeV n 0 B ]
4L [ | \ I | \ ] B B
-2 -1 0 1 2 3 4 5 6 7 8
uggF+ttH B/BSM L L v 0
-1 0 1 2 3
uggH,ttH

Production rate split boson vs. fermion also consistent with SM.

Both experiments have > 3 ¢ evidence for VBF production.
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Mass from yy and ZZ
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Spin and parity

Scalar vs. Pseudoscalar Scalar vs. Tensor (gg) Scalar vs. Tensor (qq)
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Couplings
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Fully consistent with the SM Higgs that gives

mass to both bosons and fermions!
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New results indicate that particle
discovered at CERN is a Higgs boson

- CERN

IS5UES AND EXPERTS

Higgs boson and new pope confirmed
March 14, 2013

ﬂTweet ﬂFacehcc\k Email = Print

'"God particle’ is for real

Scientists are confirming that a new subatomic paricle discovered at the world's most powerful
particle accelerator iz indeed an elusive Higgs boson, also referred to as the God particle.” It
was discovered during experiments at the Large Hadron Collider (LHC) at CERM, Switzerland
last July. Scientists, who say they have a “long way to go” to know what kind of Higgs boson it
iz, are reporting the confirmation at the Moriond physics conference in laly this week. The Higgs
boson is the only particle in the Standard Model of Physics that has never been observed. SFU
physicizts Dugan O'Meil, Bernd Stelzer and Michel Vetterli are involved with ATLAS —
one of two intemational physics experiments involving the LHC—- and can comment on the news.
Vetterli is currently at CERN where he'll spend the next year and can also do Skype interviews.

Michel Vetterli, +41 22 767 4368; vetz@triumf.ca; mikevetterli (Skype)
Dugan O'Meil, 778.782.5623; dugan_ocneil@sfu.ca

Bemd Stelzer, 775.782.7731; stelzer@sfu.ca

Background: hitp:{fat.sfu.calelUnDFY

First non-European pope chosen

Jorge Mario Bergoglio of Argentina was elected yesterday as the new pope to lead the Roman
Catholic Church. Denald Grayston, a retired religious studies professor at SFU, says that it
is interesting the new pope comes from the new world.

“I don't think the Curia iz ready to let go of its stranglehold on change,” says Grayston. “But I'm
betting that the non-Curia cardinals wanted to elect someone who could tackle the Curia. | see
it az very appropriate, given that 40-percent of the world's Catholics live in Latin America.”

-




Are there any other Higgs bosons?
(or anything else?)
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Standard Model: Mission Accomplished?

Oct2013 . CMS Preliminary

§T TeV CMS measurement (L< 5.0 fb™)
f8 TeV CMS measurement (L< 19.6 fb™)
—7 TeV Theory prediction
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Exquisite agreement over 6 orders of magnitude!
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Standard Model: Mission Accomplished?
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Search for a high-mass Higgs Boson

CMS preliminary, [ L=5.0fb"' at {s=7 TeV, [ L=19.6fb™" at Vs=8 TeV
| ' ' ' [ ' ' ' I ' ' ' I ' ' ' |

H — 77 combined results (CMS)
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No sign ofaSM Higgs boson up to ~1000 GeV
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Searching for New Higgs-like Particles

® Experimentalist’s perspective: we have a new particle, h(126), use it

as a ‘scout’ to search for other particles

* “Invisible” or exotic decays: b = ?? (e.g. dark matter)
® Decays of heavier particles: X = hh

® Unexpected production: pp = hX

® Theorist’s perspective: the SM is not complete, there are specific

questions to answer, some examples

® Fine-tuning? Hierarchy problem? Dark matter?
e MSSM: H, h, A, H", H-

® NMSSM: add a singlet

® General two-Higgs-doublet models (2HDM)

o CMS and ATLAS are pursuing with both perspectives in mind!
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Search for h(126) >

In the context of “Higgs—portal models”:
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MSSM: neutral Higgs boson

CMS Preliminary, H—t1, 4.9fb" at 7 TeV, 19.7 fb" at 8 TeV
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MSSM: charged Higgs boson (ATLAS)

+
’ i 7 OO0 b
b
______ H*
t
< t
aq
Q T T T T | S | T TT
— — - Median expected exclusion c ’ )
S T+jets

[ Observed exclusion 95% CL
Observed +1c theory
Observed -1o theory

— — - Expected exclusion 2011
Observed exclusion 2011

“ATLAS Preliminary

50:/ 7 mp s=8 TeV
B Data 2012
45" JLdt =19.5fb"
40 :_ — — - Median expected exclusion
B - Observed exclusion 95% CL
35- e Observed +1c theory .
T Sy

0 3
90 100 110 120 130 140 150 160 200220 240 260 280 300 320 340 360 380 400

K m,,. [GeV] m,. [GeV] j




/

NMSSM Higgs: h —» 2a — 4u (CMS)

Low-mass (Zmu <mg < 2my) Higgs
particles decaying to highly collimated ...

muons, dark sector particles, etc...

CMS Prelim. 2012 Vs = =20.65fb"
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Extended Higgs Sector

FCNC decays: t — cH (Type Il 2HDM) B

Search for H —> hhand A — Zh

in lepton and photon final states

Direct search for H > WW
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Summary

® The new particle (@ “126 GeV” is observed to decay to all

gauge bosons, and in the right proportion
® Consistent mass between CMS and ATLAS
® Now strong evidence also for H — 17 (and not pL/ ee)
* Spin-parity measurements distavor alternative hypotheses
® Signal strength and couplings consistent with the SM
* No sign for any other SM-like Higgs boson
* No sign of (any of) the BSM Higgs bosons

If it is not the SM Higgs boson it certainly is a good actor!
Continuing studies of h(126), looking for new Higgs particles
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