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First: thanks to LHC people!

¢« ATLAS and CMS asked for 1fb for this meeting l
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CMS

Outline

¢« SUSY Higgs searches
¢ 5 Higgs bosons to look for...
¢ H"'->1U
¢ H*->cs
¢ A/IH-TT
¢ Standard Model searches
¢ Low mass (110-130 GeV)
¢ Moderate mass (130-200 GeV)
¢ High mass (200Gev+)
¢« Combination
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Peter visiting LHC,
CMS and ATLAS




CMS

« CMS searchfortopto ¢, sg— Tom T
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:EO.15— E pTJ (GeV/c)
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CMS

Charged Higgs to cs
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- A" Non-tt -
guarks 20 i E
- 15 .?' Z: —
¢« Background is : i, :
10F- a5 =
mostly t - W+Db i3 o e E
= e 7 177 IPRPPL LI T | ]
ok . -1--1-.'1*.".'1"1".'1"1 N BTN B P e S
0 20 40 60 80 100 120 140 160
T — T = my; [GeV]
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¢ o171 2011 CMS T 70 CMS Preliminary -
a T er o 1.1 fb™ \s=7 TeV .
- T T, T E
”’ u h’ h 60 N ”h O—>TT (m, =120, tanB=20) -
o I & 50 —e— Observed =
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e [ =
Very nice results 40 e & ctroweat 5
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............. — CMS 2010 observed
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Standard Model Higgs

The guaranteed discovery?
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CMS

¢ Electroweak o
with the Stanc

ata compatible
ard Model

e m, IS a triumph!

« Prefers m <Tevatron range —a
o<

¢ But...it assumes SM is whole

story

¢ This is not well justifed

¢« We know SM
o Gravity? Dark

IS Incomplete
matter? ...

¢ Take this with a pinch of salt

¢ ATLAS & CMS search over a

wide range...
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Experimental situation

(5)
Aty oy =

:‘.;. L"-_ =— 0.02758+£0.00035 :
: 0.02749+0.00012 ::
% % e incl. low Q° data

s, )
(] o
"t at
L "

Preliminar‘y-

'W.Murray STFC/RAL |

| Excluded :
30

" 100
m,, [GeV]

300




Tevatron results

Tevatron Run Il Preliminary, L < 8.6 fb™’

| 1 | | I I I 1 I I | 1 | L l | | | L |
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CMS

https://twiki.cern. ch/tW|k| Opln/view/l_lI—IICIJIF?hysics/erolsls”Sectionlsl -
¢« Higgs cross- I

o)

& :
sections for gluon T,
fusion g |
—a LHE :

""" TeVatron ™

¢ Gluon fusion at
least 10x higher

E 100 150 200 250 300 350 400 450 500 550 600

Cross-section V. [GeV

« Backgrounds to WW,ZZ,yy are qq annihilation
¢ s/b better in these channels than Tevatron
¢ But it Is worse In associated modes

\'s=7 TeV ;
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¢ H-WW

¢ Hoyy

¢ Rare, best for low mass

¢ H-TT

Il: Golden mode

wv:. Good High mass ; ;
: 1ah- RITAN WW = VT N

bb: Also high-mass o'

'\. qq -

¢« WW - [vlv: Most sensitive  10%¢ :

« WW - IvgqQ: highest rate

—h
o
TTT

¢ x BR [pb]
II_I|L T TTT

\'s = 7TeV

SM

LHC HIGGS XS WG 2011

WW — Fvag E

(/
‘\ ZZ — I'IwW
B | 77 = I'I1 )
107 VBFH-tt |I=e,u ]
V=Ve vV, ]
ZH — I'Tbb v g = udscb -
_4 1 1 1 1
10700 200 300 400 500
M, [GeV]

¢ Good s/b, low mass,rare

¢ H-Dbb

¢ ttH, WH, ZH useful but hard

' EPS 2011 Grenoble |

'W.Murray STFC/RAL |

12




CMS

H decay mode
TT

bb

YY

WW - [vlv
WW - lvqg
ZZ -l

ZZ7 —1lvv
ZZ - lbb
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Channels used

ATLAS

luH, IIH

Inclusive
Ojet, 1 jet m<240

Ojet, ljet

Inclusive

Jet veto

Inclusive

CMS
Inclusive+VBF

Inclusive
Ojet, 1jet, VBF
Inclusive
b jet veto
Inclusive
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Tevatron
H/VH/VBF

luH, lIH, bLH
Inclusive

0j/1j/2/1l
Ojet, 1jet
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ATLAS Preliminary JL dt ~1.0-1.2 fb"\s=7 Tev CLs limits -

Exp. Obs. Exp. Obs.

------ — Hoyy === = H> ZZ Il

=== =—— H->WW->iv e — H- ZZ- llqq

...... — W/ZH,H— bb = = H> ZZ- llvv
=== =—— H-> WW - lvqq

CMS 11 .

. ’
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500 600
my [GeV]

200 300 400
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CMS

Compact Muon Solenold

1

B Exp. Obs. Exp. Obs. ]

: ...... — Hoyy mmm = Z7 5 |l :
=mm m—Ho WWos My e —_— H— ZZ— llqq

— ! X X v L = W/ZH,H— bb =em s 77 vy R

=== — Hs WW — vgq

“

—_
QO

95% CL limit on o/cgy,

* *
| 11 1111

ATLAS Preliminary J.L dt ~ 1.0-1.2 fb" \'s=7 TeV CLs limits -

100 200 300 400 500 600
vy region, (plus tt, bb) my, [GeV]
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CMS

VH, H- bb

¢« H-Dbb is dominant decay mode for light Higgs ' l
¢ But very hard to do due to huge bb backgrounds

¢ ATLAS tried WH and ZH modes inclusively: I
> 45— ATLASPrellmlnary e dtl | —f 2 220;—'AfLASF’feiirhiﬁér)} e f;?tflll N E
8 J L dt=1.04 fb”’ ] S;agial x20 3 8 200F | L dt=1.04 1" L (Snzgrleil1x52gev) ~
= 405 (M =130GeV) 5 2 180F TolalBG
;; 355_ : -|Z_Ota| BG —g ; 160;_ -+— 6\, _;
GCJ 30 = — Top E GCJ 140 ;_ -I[;(i)t?oson _;
e 25;— Diboson e 1205 Multjet E
20 128; E
158 50F- E
10F 400
5E : 20F :
% 50 100 150 200 250 % 50 100 150 200 250
m, [GeV] m, [GeV]
¢ Note signal increased by factor 20
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-103/
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¢ Top and Wjj/Whbb i~ GGl [
backgrounds fitted to ool b
data L:', 80:_ ATLAS Preliminary
¢ Shapes from simulation :

¢ Sensitivity Is ~ 15xSM

—

L L
ATLAS Preliminary

Jets / 10 GeV

Rl - [ 1 | | | |
WW | 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1
1 i ] 110 115 120 125 130
Bl W+jets Higgs mass [GeV]

100 Jr +
j L dt=0.61fb"

¢ Subjet analysis should help
¢« W+'fatjet' studies suggest W
to qq from tt - WbWb seen
¢ Ready to search for H to bb

50 100 150 200

Jet Mass [GeV]  {firray STEC/RAL | 18




H-Tt
¢ CMS showed 2011 SM
results

¢ Including VBF search

¢ With a beautiful picture
© U-tT candidate

> Two forward jets
- Mass 580GeV

o Little central activity
¢ Looks just as advertised

¢ €-{, P-M, p-T, €-1
channels studied
¢ Detalls are here:

CM3 Experiment at LHC, CERN
Data recorded: Fri May 20 01:10:36 2011 CEST

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig1 1009 TWIKki Run/Event; 165364 /356120525
' EPS 2011 Grenoble | W.Murra
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CMS

H — Tt results

¢ e-u VBF channel (left) is

¢ Mass calculation can

L] I L] L] L]
[ CMS preliminary  _g— Expected CLs Limit
- s =7 TeV, 1.1 fb"

= Observed CLs Limit ]

|

i
\

35 B L L L
% CMSqPreIiminary .
@ OF . T ST S cleanest
T o e
20 = : improve
- B Electroweak :
1.5F [ Fakes - = 30
E - B
10:_ . ahd - H"‘g o5k
o0 _J“ - E ! E ':J*3 205_
0.0% T i
0 100 200 300 400 500 15k
mvis [GEV]
¢ Limits around 9xSM
¢ At 115-125 (where we need st
this most) =
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g: 2011-04-24 01:43:39 CEST

1 EXPERIMENT

Run Number: 180164, Event Number: 146351094
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CMS

>
. Photon_ 840000
resolution -
verified 225000

USing the Z 520000
peak
Different
ely
response In
MC |argest ;
systematic
uncertainty —

15000

10000

5000
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ATLAS Preliminary

Statistical errors only
MC normalised to data

JL: 1.021b"

—
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.
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=
—

T [ T T T T ] T T T T I T T T T ] T T T T I T

e data2011 Ns=7TeV)

(1 Z - ee(Alpgen)
] QCD (template)
C_IJWortv

B WwWoev

B t f + single top
CJZ-o=1x

@ Dibosons

Electron smearing
derived from data
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CMS

¢« No good calibration in data
¢ Until we find Higgs!
¢ Has to be simulated

¢« ATLAS (black) and CMS (blue) compared

x1073

c:d"_""' LA LI N L B L N
(@] - i i

E 350 — —E*a— Simulation

o B

O] :_ —— Parametric Model

',:% 300 -
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40_,*‘1200:— FWHM = 2.97 GeV/c®
c -

m |

> 150

w 't Barrel

199F Unconv/
50

i ATy

' CMS preliminary
é'ﬂaHlation F
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Max{n|)<1.5
Min(R _)>0.94
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Oeg = (1.39 £ 0
o.5=(2.22 + 0.
Neg = 10.00 (fixd
Mg,,=(119.98
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Higgs mass resolution

—
N

@ 2 =~
o (04] o
1 | LI | L

o
N
P

0.2F

v STFC/RAL |

LI I 7T 177
—EiB—Simulation

- —— Parametric Model

m,, (GeV/c?)

T T 1 | L I |
o~ C reliminar
H TR Sl

All Categories

Combined
G = 2.40 GeV/c?
FWHM = 4.23 GeV/c® §
~ Total
___,_,_,,.~_.__._.-.--.-_-.-,;;-'-fi--i:::'_' P T ""’.-__':..-_,_..___.,_,_,_____,__I
105 110 115 120 125 130 1:-
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CMS

H

l
e
e

U
450:| LI — L S B R B A
400F

I 1 1 1
ATLAS Preliminary
[:vatazcm~~£s:Tr'Te‘uf,JLa:it:1.03ﬂ:{1

CMS preliminary e Data

o _ .1
500 Ns=7TeVL=1.091b I:I 2 prompt ¥

3505

|:| 1 prompt v 1 fake y

Events / 2.0 GeV
Events / (2 GeV/c?)

300F Inclusi;e diphoton sample 400 . EI 2 fake ¥ _:
- . ata ] i
250 E— —_ Ex;nigr:sml fit i |:| Drell-Yan E
- 300— ]
200:— : ]
! 50? 200 i
100F- ; ;
ﬂ;' — 0120 130 140 150 760 T T I T TSR TSI SO TR T
%{J 90 100 110 120 130 140 150 160 170 ;80
My [GeV] m,., (GeV/c?)
¢ Invariant mass spectra similar I

¢ Real yy events dominant for both experiments

¢ Fit to this spectrum, looking for sharp peak

¢ Both divide events into quality categories
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H-vyy limits

- [vrrrgprrrr [ rrrrprrr e LI ILLINL L N B I
O 10°F — Observed CL_ Ilmlt =
E"“*: F e Expected CL_limit R
E‘ - I tio ATLAS Preliminary .
s ] + 20 Data 2011, \s = 7 TeV i
2 _ ILd i’ _ 5
= t=1.08 :
E 10 :
,;E_, r
i 6
1E
:[ 1 1 11 | |||||||||||| | |||||||| | |||||||| I:

L_CMS preliminary..

—
s

-
ha

C\Ns=7TeVL=1.09fb"

Observed CLs Limit

= = = Observed Bayesian Limit

a(H-= ), o oH=T17),,
©w o

110 115 120

130 135 140 145 150

115 120

M, [GeV] i

125

130

¢« ATLAS (left) and CMS (right) results similar

¢« Expected limits 3-4 x SM strength
¢ Observed fluctuates down to 2..
¢ Closing in even here, the hardest place for LHC
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95% CL limit on o/cgy,

ATLAS
100

S.
H—vy

H— WW— vIv
W/ZH,H— bb

Exp. Obs.
== =l ZZ

------ — H- ZZ— liqq

P mm— s ZZ o vy
- —H WW > v

J. L dt ~ 1.0-1.2 fb" ,Vs=7TeV CLs limits -

s *
-------
g ow

qq

* *
[ IIII"I|

.
-

200

WW - lulvu region (Plus ZZ - lill)

300

400

500 600
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CMS

WW - [viv

« The most sensitive channel for 130<m <200

¢ Here is where the excess comes
¢ But poor mass information due to neutrinos

¢ Good trigger, reasonable rate

¢ Largest background is non-resonant WW
> Also top when looking at WW+1 jet

¢ Backgrounds measured from control regions

¢ Request two leptons
¢ 15-25 GeV (ATLAS) 10-25GeV (CMS)

« Require missing E_ (E*) and p_(Il) for WW
« Select signal area with Ag and m_ selections
¢ CMS using cut-based and multlvarlate

¢ A LA§ refers cut- e.
EPS 2011 Grenoble p S L W.Murray STFC/RAL g 27



CMS

Compact Muon Solenold

-# data W ztiets CMS preliminary

WW - lviv
— m,=160 top L=1.1M"

|- I\/I iSSi n g ET 108 ww [l wzizz After trigger

¢ Vital tool against Z+jets events
© costs in signal rate

¢ Rate of backgrounds here
measured In data
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m, In WW - |viv

™, L L L B
= - - data B z+iets CMS preliminary 1
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O WW B wzizz
“a Wijets
H .
= 0 jet
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20 |- + t i—ﬁ i
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(%5; 7OF ATLAS Preliminary | = oma 2 sm@ysesa 3
o B0 —\s=7TeV, | Lat=1.041" E:’W Eév.f;ﬂf,! =
: E Ho>WWosiviv + 0 jet [ z+jets[] W+iets (data driven) T
8 50:— [ H[150] e
£ 40 + , 0 jet =
Ll = % -
30 | 1IN + E
20h =
10 -
O T T T T T T Tt T
§ 250 T T ®
=~ 1.5
] - * ® ®
g IRSETR I P
[ g ?! I * T I *T7® o &
0.5k " T
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¢ Top: CMS
¢ Pr, My,
ACDII’ mT
uncut
¢ Bottom:

ATLAS
¢ m, ACDII’

m.. uncut

¢ EXcess?
¢ ATLAS
and CMS
¢ 1-jet
largest?
~ |W.Murray STEC/RAL |

entries / 10 GeV/c?
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Data/MC

M zjets CMS preliminary |

| e data
60 |- — m-130 top L=1.11" _]
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! 1 jet
a0l ++ ]
| EEg
20 | o
_ f‘- Tt gt
0 : R = L
0 50 100 150 200
m, [GeV/c?]
E- "~ 1~~~ 1~ T T ]
403_ ATLAS Preliminary e Data %% SM (sys @ stat) E
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25E =
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CMS
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= - t ; 4 = .
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¢ Final m_for ATLAS events
« A window here 25% m_ wide selects final events
¢« Some tendency for events to be same flavour
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CMS

(3“ﬂ£5‘VV\AI—+I\H\)

e e Flnal analysis
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CMS

WW - Iviv

E T T T T T T | T T 1 | T T | T T | T T |_
5 ATLAS Prehmmary p
B 10%E Ho W Siviv -4 ¢
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d 10 D.|__20 \s=17TeV _ =m
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_|||||||||||||||||||||||||||_ W e b by
120 140 160 180 200 220 240 100 200 300 400 500 200
M, [GeV] Higgs boson mass (GeV/c)

« ATLAS (left) exclude m, 158-186 (exp: 142-186)
« CMS (right) exclude: m, 150-193 (exp: 130-200) J
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CMS, Z=N
|

WW - Iviv
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= T ---- EXpected J Ldt = 1.04 fb [ — — |
E %) i CMS Preliminary,Ns =7 TeV
—_ i D +10 = 7 TeV 7 ‘*%, H — WW combined, L. = 1.09 fb!
d 10 D-I__ZG e : = bg 10 -
X F 1 E
L0 - — %
o)) B -
i B o
1 SRRIRRLILEDY ROy VY = - = m e g el O TR = 1
T B B R T BT S '120I | I140I | I1 60 ‘Ir‘:[;()I | I200I | I2.'120I | I24-0I
120 140 160 180 200 220 240 Higgs boson mass (GeV/c?)

M, [GeV] N

« ATLAS (left) exclude m, 158-186 (exp: 142-186)
« CMS (right) exclude: m, 150-193 (exp: 130-200)
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CMS

[ 1+10 from fit

—
(]

1

0.1

Best fit o/og,,

e, — | _____ gl
e
Interpretation requires look-elsewhere correction
- CMS Preliminary,Ns=7TeV____________________ 4o
HoWW, L =11f"
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¢ CMS and ATLAS have excess 110-160GeV
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_[ Ldt=1.04 b

HosWW Ssiviv

Vs =7TeV
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---- EXpected

'5|III|III|III|III|III|III|III|II
100 120 140 160 180 200 220 240

« Compatible with signal 120<m ,<150
¢« Best match at about 140
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L ATLAS Preliminary 1.21b"\s=7TeV CLs limits
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CMS

WW - lvqaq

¢ Largest Higgs BR for high mass

¢ Presence of charged lepton gives
good QCD rejection @
¢ But, like In tt, semileptonic mode

allows mass reconstruction v |

¢ Suffers from LARGE background from W+jets
¢ But smooth background
¢ Signal is a bump
¢ Analysis is relatively straightforward
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CMS

Events / 25 GeV

: 1T T 7 | T T T | T T ‘ 1T T 7 | T T | T T : Ial : T I | I T I T | | | |:

- . €100 .
1600 e [senaix2m - z sofl —— Data (bg fit subtracted) 3
1400¢ e E E o 1 77 Signal, m =400 GeV (x 2.7) E
L _ © = -

— - WiZ+jets ] - H -
1200: B Multi-}et ] : 40 =
__ Il Dibosons ] i | ATLAS Prelimi -
1000: . R . softt S Pre |m|nary__
800 H— v gq + 0 or 1 jet of udl
600 - ATLAS Preliminary 200 T H+0/1j, H> WW— Iv jj
00 - [Ldt=1.041" - aof- =
- - s =7 TeV ] 1+ T =
200— = . ] 60 s=7 TeV L dt=1.04 b 3
B e T T T a7
60 200 300 400 500 600 700 M, . GeV]

M(lv jj) [GeV]

¢ M, raw (left) and background-subtracted (right)
¢« Sum over the 0 and 1 extra jet searches
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¢ Sensitive to five to
ten times SM
Cross-section

¢ Limits 'lucky’
around 400GeV

ATLAS Preliminary

95% C.L. limit on o/c(SM)

- Expected
¢ Exclude 2xSM [ Ns=7Tev I + 1
_ EY-;
¢« No excess o [Lamros e -
anywhere 356300350 400 450 500 880 600

My[GeV]
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CMS

CMS preliminary,\s=7TeV, 1.1 fb™!

: Clean decay’ EIIHlllHlllHlI—||-|igi.:1staulrur;.e'u*}n l ;
¢ All leptonic 10°E 2 Top

¢ Higher rate than Ill| - o :
¢ Z—VV seen E 10°E A
through missing o I e Dielectron events (Data) |]
energy 107 1

¢ Only If Z moves 2 i

¢ »m_>200GeV . E
¢« Needs good MET 18 i
¢ CMS excellent T
description of Zs 10" ol bl

il A | S N A
O 50 100 150 200 250 300 350
MET [GeV/c]
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CMS

CMS preliminary,\s=7TeV, 1.1 fb!
T T T T T T T T T T T

} 40 :.- i I ——— I : : : : I : e l ———t : : : : : -.: 12__I T T T T T T T T T | . | | __
o - ATLAS Preliminary ] i . ]
- 35 E_ H— livy o data | Ldt=1.041b" _5 10 : :rzz B
-u-?_ 30 ;— Total BG —; C:I__‘-_?. - —— Top/WW (Data)
-g - T Top = % 8_— sssnaves Z#Jets (Data) o
S 25 - ZZ \WZ,WW = ® L .
= = L ZW 3 | —we— Dielectron events (Data)
LL 20E : - o L i
: B Signal {mH=380 GeV) . < B —
15 = PR i
10f | : 5 4 | o :
= : L —a— i}
5 ;_ = L 2_ 0 B
200 300 400 500 600 700 i o D) I i
e = o S 5 s T DA S PR
m; [GeV] 200 300 400 500 600

M, [GeV/c?]

¢« ATLAS (left) and CMS (right)
« Harder E_™ and 0@ cuts at high mass

¢« 380GeV Is excluded by left figure alone!
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CMS.

Compact Muon Solenold

5 14
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Expected

T+ 16
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ATLAS Preliminary %
— % 102 &
JLdt:1 .D4fb_1,\f5:?TeV c - CMS
] O B
H—ZZ—lvy = -
£ |
=
O 10
R L
0 B
=2 _

SM HZZ — 212v, 1091pb™

------ 95% CL exclusion: mean

[ 95% CL exclusion: 68% band
95% CL exclusion: 95% band

— 95% CL exclusion: DATA

IIII i
200 250 300 350 400 450 500 550 600 |

N
an
o

300
my, [GeV]

¢« ATLAS (left) and CMS (right)
« ATLAS excludes 360 to 440 GeV — just!

¢« Both searches best sensitivity 1-2xSM
¢ Both got lucky
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CMS

ZZ - llqg

¢ Highest rate for a ZZ process

¢ Good for Higgs boson mass over 200GeV
¢ Use 2/3 subchannels:

¢ Z to light quarks (inclusively)

o CMS use quark/gluon tagging to enhance signal

¢ Zto b quarks

¢« CMS use decay angles explicitly

CMS Preliminary 2011, 1.0 &'

Ns=7T""
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CMS Preliminary 2011, 1.0 {5’
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CMS Preliminary 2011, 1.0 fb'
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95% C.L. limit on G/GSM
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ATLAS Preliminary
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H—ZZ-llqq
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m,, [GeV]

¢« CMS sensitivity 2xSM, ATLAS 3xSM at 350-400
¢ Fluctuations never up to 20

Ogs0, | Ogyy

2011
LELELEL

1.0fb'at\s =7 TeV

CMS preliminary
_III!IIII!IIII

| T ! BERRRE
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B | samemamna ClL; Expected
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CMS

ZZ) — I

¢« Require 4 identified leptons
¢« Backgrounds already rather low

¢ At least one pair compatible with Z peak
« For m, <180GeV one will be off-shell

¢ At higher masses require both compatible.

¢ Background from:
¢ Zbb can produce two leptons from the b decay
¢ tt—Ivblvb can give the same Issue
¢ SO suppress:
¢ b quarks with impact parameters cuts
¢ Fakes with isolation

« Background largely genuine ZZ%
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ZZ® |

CMS Preliminary 2011 \Ns=7TeV L=1.13 b

[ m,=150 Gevic? |

—
<

> _ o™

S Background  ATLAS Preliminary 3§ 3

o I Signal (mH=15O GeV) : o - |

Ay @ Signal (m =220 GeV) 4 O

2] . H . o 15 |

= [ Signal (m =480 GeV) o 1 = - ]

® H—ZZ '—4l 1 £ :

@ I Ldt=1.1fo! 4 3 i [ | m,=250 GeVic?-

7 To 1 [T m,=200 GeVic?

\'s=7TeV T l

¢ 1% £ 2 ® o -q 1072

Ol AN S T T S e e = B B S ST
ﬁ’SO 200250300350400450500 550 600 100 200 300 400 500 600

my [GeV] M, [GeV/c?]

_'O_LI\JOOAU'ICD\IOOC.O

¢ Both experiments collect a few too many events
¢« ATLAS near 245, CMS below 180
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CMS

Compact Muon Solenold

ZZ") — I

N N R I
CMS preliminary 2011 113 fb' at\'s =7 TeV
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B ....... CL, Expected Limit i
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¢« CMS (just) excludes SM at 195; ATLAS not there I

¢« Small excess visible near 140 I
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CMS, S
Ry

ATLAS /| CMS comblnatlons

¢« The SM Higgs is a very well-deflned thing
¢ Tell us the mass and we know the rest

¢« So we know what to expect in all these channels
¢ We put them together for optimal sensitivity.

[

¢ Needs precise understanding of the theory
¢ LHC cross-section working group did a great job
¢ We have an agreed set of rates to work with

¢ So what do the combinations look like? I
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Is compared
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95% CL Limit on G/GSM

| EPS 2011 Grenoble |
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CMS

©
B
¢« Nearly half
the plot
excluded
already!
¢ Hints of
excesses Iin
all 3 free
regions
¢« Interesting

times!
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CMS /|
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Hidqs boson mass (GeV/c)
¢ Fraction of time background fluctuates so far
¢ Beware: there is a look 'elsewhere effect'

¢ Both experiments have excess at low mass
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Compact Muon Solenold
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Compact Muon Solenoid
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P-values at low mass
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© But are not ready for this meeting
¢ The |l

plousies wonp 12edwon

¢ Fits with over 100 parameters are running

¢ Especially on signal cross-section
¢« The WW analyses driving excess have s

model
possible

S
¢« LHC-HCG will provide update as soon as

¢ The combinat
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CMS

¢ More data'

¢ The universal cry

° It Is coming fast

¢ A month might

double dataset?

¢ Better analysis
¢« Many possible

Improvements

¢ Unlikely to be

¢ LHC combination

conclusive

Sem? s

Peak Luminosity [1 0
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¢ Will allow to test compatibility of datasets

oot Many possibilities will. be exclded soon
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Summary

¢ With 1fb! the LHC dominates the SM Higgs
¢« We exclude
¢ 155-190GeV and 295-450GeV (ATLAS)
¢« 149-2006GeV and 300-440GeV (CMS)
¢« 155-2006GeV and 295-450 GeV (Very Sate)
- LHC combination will exclude much more
¢ Interesting hints emerge
¢« e.g. 144GeV ~2.90 in both experiments
¢« Minutes of LEPC 56" meeting (3" Nov. 2000):
"The committee noted that there is
unfortunately no single channel that is
background-free.’
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Any excess?

101 1 T 1 T | N N F
{ © —1-CL,ofdata ATLAS Preliminary -
N Medlan Data 2011, Ns =7 TeV
Y+ 1o
+ 26 ILdt - 1.08fb"

GMS prellmlnanr

LEE Not Included[ 12]

p-value (Profile Likelihood)

O R TR BT ST VRN E R P R P S TS PPY) e smemreres emrmemes s s s g
M, [GeV] m, (GeVic?)
¢« ATLAS (left) and CMS (right) results similar
¢« Small excess at 119, 128 and 138.
¢ But they contradict each other
¢ Entirely normal background fluctuations
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CMS

Missing E_ reconstruction
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« Z plus jets shows well-controlled E_ miss
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Compact Muon Solenoid

rates numerically

WW - Iviv

Event Rates

Mominal p=10 p=1
my (eV)] Lepton Havors | Signal  Total Bkg. | Signal  Total Bkg. | Signal  Total Bkg. | Observed
EE 3.1 47 ] 5.7 3.1 4.4 7
150 H+0j gl 10.6 17.2 ] 20.8 10.4 15.7 21
i 6.8 10.9 0 13.4 6.7 10.1 21
ee 0.94 2.2 0 2.3 1.05 1.98 4
150 H+1j ep 4.0 2.0 0 8.8 4.4 7.0 8
L 23 4.0 ] 4.2 2.5 3.0 e
ee 42 6.3 0 6.8 40 45 3
180 H+0j Eft 11.8 19.1 ] 209 11.3 12.7 25
L 7.8 13.5 ] 14.7 7.4 Q.6 16
EE 1.60 49 ] 4.9 1.44 4.4 5
180 H+1j ef 5.5 14.6 0 12.3 49 10.1 8
o 34 6.5 0 6.4 3.1 4.5 12
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CMS, !
Higgs sensitivity v E
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¢ 8TeV: Need only 80% as much data
¢ Less for a high mass Higgs boson

¢ 9TeV 60% of data suffices
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ATLAS Preliminary (Simulation) :
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----- e 3o \5=8 TeV i e Bo-OpiNs=6 eV
—A+ 95% CLNs=8 TeV :

.........................................................................................

5fb! at 8TeV gives 3o for 114 to >500GeV
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CMS

Compact Muon Solenold
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CMS

Effect of raising E_ .

5E_ v ¥ v T 7T vrrr] v ¥ v T v vrr]
E ratios of gluon-gluon luminosities:
8TeV/7TeVand9 TeV /7 TeV

(i.e. increase in
production rate)

WJS2010

N

w

luminosity ratio
(W)

1:A e o MSTW2008MA
10 L _ 100 = 000 =
b physics Higgs Mx (GeV) SUSY Z' W'

James Stirling

« 8TeV: 10% to factor 4 increases « ... 7
¢ Doubled for 9TeV ﬂ
¢ Higgs increased by 30% @
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¢ This gauge symmetry predicts y,W,Z,gluons
¢ Requires them to be massless
¢« Symmetry breaking is needed for masses
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CMS

U Fermions 7

ﬁpauge Symmetriesj :> U Bosons, Interactions

(@

(@

families,
with leptons

L
VR, €ER

€r
and
up

dL

quarks

JUp,d o

)

SU(3).:

U 3y (x)>exp

SU): y, (x)—exp

W, (x)—exp

l?Yw(D

g :

(x)

i25.0(x)

N Q@

. 9s .\ pa
—A,0
190,0°(x

W (x)

LIJL(X

W, (x)

e
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i1 e

(@

v : QED

>

|~ Z, W=: Weak

!

g

g
gluons : QCD

L

tand, =

J

Z

&

A mass term couples L & R and

would violate SU(2),

Solution: The Higgs mechanism

Thanks: P. Janot

PO ZU11 Urernoole
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CMS

Compact Muon Solenold

What is Higgs' mechanism?

A e 2
-Doublet of SU(2),, ®=(®,, D) V(®) = _{q)q) — 2 /2}
-Potential respects SU(2), 3!
But Vacuum does not! V(o)
Fermions:
Interact with Higgs field -
slows them down —
generates mass %
Bosons: 3 Qegrees of freedom
_ ; In Boson masses
SU(2), interact, gain 4t becomes fundamental
mass scalar
U(1), and SU(3).do not,
massless
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