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Higgs Production

\'s=7 TeV

LHC HIGGS XS WG 2010

200 300 400 500

" QCDscole || EF [ 21% | 1% | %
POF F o | a6t [ T | Ea% | E8%

Mass line shape:
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Higgs Decay Rates

Branching Ratios

114 120 140 160 180 200 250 300 400 500 600
Mass [GeV]
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@ For a channel to be usable, we must be able to trigger it

@ Most efficient and clean triggers are photon or lepton based

114 120 140 160 180 200 250 300 400 500 600
Mass [GeV]
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@ Trigger ripped off the jet channels

@ Next, backgrounds must be taken into account
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Electroweak measurements are Higgs backgrounds

See talk by
daniel

ATLAS Prellmmary

det 0035*47fb

froidevaux T \5=7TeV

Tomorrow - Theqy
: m Datai2010
O Data:2011

@ Good agreement with theory , W, Z, tt become a challenge for theory

o Systematics dominate

@ Higgs cross section same order of magnitude as Di-Boson production (WWWZ,Z2Z)
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| i i

110115120125130135140145150155160 165170175180 185190 195200220240260280300360400440500 540600

M [GeV]
B\vv Bz @y Bvwb O Digg @ Iw B ivgg

¥ A LAS

Eilam Gross, 24th Rencontres de Blois T EXPERIMENT



Probing low mass & the LEP Edge

Channel Weight

@ Probing
114-140 GeV

@ Probing channels:

H->YY

VH _> Vb b 1 1101151 125130135140145150155160165170175180185190195200220240260280300360400440500540600
\ {
M [GeV]

H_> TT \f Bhviv Bz By Bvwb O Dlgqg @iw B vaq

(and H->WW-5|vlv)
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H->yy Probing LEP 114 GeV

Clean signature: 2 energetic isolated

photons->narrow mass peak
ET (Y1, Y2) > 40, 25 GeV

UATLAS

l* EXPERIMEN

L

A narrow peak is searched for over a
large, smooth background.

Data are split into 9 categories based on
(detector region) ,
conversion mode (which affect yy mass
resolution, which is excellent) : ——
and £ e

-=-=. SM Higgs boson m_ = 120 GeV (MC) -

\s = 7T9VAJ‘Ld1 =49

A fit is performed to the background
side band under the BG only hypothesis
(an exponential in EACH category)

(only data is considered)

10 ATLAS
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H->yy EXperimental Aspects

Needs a powerful Y/ jet separation to suppress
YJ and jj background
with jet -> n° faking single y

L 2E}/1Ey2 (1 - COS<):()/1,)/2))

Yidee

The fine longitudinal and lateral segmentation and pointing
geometry of the ATLAS EM calorimeter enable good vy
angular separation and better Z-vertex determination.
This is crucial in high pile up environment and

in identifying fake photons from pions

Present understanding of calorimeter
E response (from tag&probe Z->ee,

J/YP ->ee, W->ev data and MC)-> "o
Excellent mass resolution 0.03;

0.02 ' 3

(See talk by Christos Anastopoulos on Thursday) | Ik

(Simulation)
Ocg = 1.7 GeV B
H—b'{‘{ -
0.06(" m, =120 Gev FWHM =4.1 GeV

1/N dN/dm,, / 0.5 GeV

Eilam Gross, 24th Rencontres de Blois 11



H->vy Results

~22500 events observed in a '
mass window 100<myy<160 GeV Sl dghalon seaele

Background model
SM Higgs boson m = 120 GeV (MC)

myy was fit (per category) with

exponential function for e o=7Tev, [ Lat= a9

background plus a sum of
Crystal Ball and Gaussian (for
tails) for signal.

Background was fitted from data

~70 signal events are expected
in 4.9 fb™! for my=125 GeV

Out of 722500 observed events, Main systematic uncertainties
~3000 expected in my=125 GeV Expected signal yield :~20%

mass window -> H-> vy mass resolution : ~ 14%

~n0y i : H-> vy pr modeling :~ 8%
S/B72% in signal mass window Background modeling : +0.1-7.9 events

12 CATLAS
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Exclusion: CLsS

->CLs measures the compatibility of the data
with the signal hypothesis.

->If CLs<5% the signal hypothesis is excluded
at the 95% CL

->Hup is the signal strength for which CLs=5%

-> If Pup<l => O(mu)<Osm
=>my is excluded at the 95% Confidence Level

13 S ATLAS
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H->yy ATLAS Exclusion

— Observed CL_ limit
— Expected CL, limit H—yy

. ERN ATLAS
+ 20 Data 2011, \s =7 TeV

A SM Higgs
Boson is excludd
@ 113-115 GeV &
134.5-136
GeV due to a
large downward
fluctuation

JLdt =49fb"

95% CL limit on c/cSM

‘-----

Unable to
exclude a 115 120 125 130 135 140 145 150
Higgs Boson
all over, in
particular

around
122-130 GeV

14 CATLAS
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Discovery: po

->po measures the compatibility of the data
with the NO-HIGGS hypothesis.

->If po=0.025 the NO-HIGGS hypothesis is
rejected at the 20 level

p, = Prob(q, > ngs I H )

15 CATLAS
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H->yy ATLAS po results

® ATLAS observes an
excess of events
with a maximum
deviation from the
background only | [E=iEE—_
expectation at 126.5 [ '*

GeV. SRS WS ST

R R R - - D I I I

130 135 140 145
@ The significance to

observe such an
excess anywhere in
the search mass
range is reduced to (¥
1.50
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u=oc/oSM Si%nal Strength Fit

= {,LL‘L(us(mH)+ I maXL(,LL,b)}

1 ] | | A ] | I O
— Best fit
+ 1o

111111111111‘

|

® For a SM

Higgs
ATLAS sees
an excess

of ”1.50
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@ H->bb is the dominant decay of a low
mass Higgs.
It also extremely important to measure Higgs couplings.

@ Multi-jet background Kills its inclusive production i
(though there are hopes with boosted Higgs and jets substructure) f§

® WY/ZH is feasible for low Higgs mass channels: [ubb,llbb and vubb

@ Signature : lepton,MET and b-tag
(exactly two b-tag jets with Erb>45,25 GeV)

@ Analysis is performed in prw (IlvH), prz (IlH) and Et™s (vwH) , total of 4+4+3 bins

@ mpb as a discriminator, dominant Backgrounds:
Z+jets for ZH->llbb W+jets and tt for WH->lvbb Z+jets and tt for ZH->vvbb

120(~" ATLAS Preliminary e Data 2011 4505 ATLAS Preliminary o Data2011

. ; x5
Ldt=4.716",\s=7TeV — (S';‘gnz:lzz 5G o 400 '[ Ldt=4.71",\5=7TeV S"i".“'
W

60
- ATLAS Preliminary e Data 2011

50;* Ldt=4.61M")\s=7 TeV B Signal<5 .
H —» vibb (m =120 GeV)
40 Ev " > 120 GeV BB Tonl BG

350 WH - Ivbb
300

wene Tm

— Zsjots
Wiets

— Diboscn

Events / 10 GeV

200 250
m; (GeV]

4%
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ATLAS Preliminary p

—e— Observed (CLs) 'S=7 TeV, _[ Ldt =4.6-4.7 fo
Expected (CLs) VH(bb), combined

[ l+1o

[ J+2¢

=

B
O
©
c
O
E
—
&)
32
L
(o)}

Mass ZH->1lbb WH->lvbb ZH->vvbb Combined

obs | exp | obs | exp | obs | exp [ obs [ exp

125 10482 |80 | 75|59 |5.6| 35| 3.8

19 CCATLAS
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@ 3 channels in 12 bins H->TT
(0O jets, 1 jet, 2 jets VBF & VH)

H->T\T+ET™SS in O jets (ep),1 jet, 2jets
(VH,VBF)

H->T i Th+ET™*S in

(Ize,u)®(0 jets (2 Et™sS bins),1-jet)®VBF

100/ T,.Thag H+1-jet

- —e— Data
: o o ]
H->ThTh+E7™ with 21 jet o 12005
' ‘ Multi-jet
7 Others
: . - Bkg. uncert.
@ Discriminator mqr . [Latesrn

(metr, colinear or MissingMassCalculator) ' (s =7 Tov

ATLAS Preliminary

@ Main background from Z->TT, shape via
embedding - 108||'1 200 250 300
(Z->pp replacing p with a T) olinear mass m- [5eV]

@ Fake leptons and T jefs from data
with an uncertainty of up to 40%

20 CCATLAS
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VBF

Distinct and characteristic
signature

@ 2 tagged “"back to back”
forward jets and two
tagged faus

| 45 erhad+ut He- -jet VBF

¢ Data
- 5 x H(120)—1t
| \ B Z-1t (OS-SS)
Others (OS-SS)
L Wajets (OS-SS)
; ,, | Same Sign
l - Bkg. uncert.

j Ldt=4.7fb"

/ \s=7TeV
i ‘ = 4 ATLAS Preliminary -

L1
0 50 100 150 200 250 300 350 400
MMC mass m_, [GeV]

)
>

TLAS
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H->TT

N
&)

@ Expected limit between
0<(3.2-7.9)XOsm

H-o 1t ATLAS Preliminary
—e— Observed CL,

-1
— — Expected CL, _[ Ldt=4.7 b

\s=7TeV

N
o

@ Sensitive categories
H+1j in ThadThad,
and
2-jet VBF in T\T. and T\ Thad

—
9]

=

2
©
S~
©
-
S
=
E
7
_
O
X
Yo
o

® Observed limit
O'<(2.5-11.9)XO'5M

140 150
my [GeV]
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"TEVATRON++" mass region

N ~ Channel Weight

o “TEVATRON++"
mass region
140-200 GeV

@ Probing channel:
H->WW->[ulv

23 £ ATLAS
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H->WW-5>lvlv: WW->evuy Irr,%duable BG

© WW can be reduced by exploiting the ﬁHl 5p|n requlr‘e sn;t ACI)u

X WW - Candidat
, EéP‘IE.l!T Aﬁlé Run 167576 Evee:ittrmzso?n e

Time 2010-10-24 13:06:00 EDT

Eilam Gross, 24th Rencontres de Blois



@EXPERIMENT

Run Number: 160958, Event Number: 9038972

Date: 2010-08-08 11:01:12 BST
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2 ESAUAVVESARVIRY,
The channel is challenging

2 neutrinos- no mass reconstruction ->ms

Data — SM (sys @ stal)

10° -ATLAS Preliminary ; ww Il W2ZzWy

IS = 7TeV‘Ldt 47m'Lltd [ Single Top
W Z+jets[T] W+jots
SWW ' Sevey ™) H[125 GeV]

>
©
&)
<
S~
a
C
o
>
w

Signature: 2 high pr opposite sign isolated leptons
with large Et™s->Understanding of Es™* is crucial

top -> EqMiss
Main background from WW, top, __~~_from real v
Z+jets, W+jets ->Use of control regions fo . N
estimate backgrounds and fakes

1
10020 40 60 80 10012014016018020(

A control region is rich in the measured BG (e.g. ET e [GeV]
WW or top), contaminations are subtracted and

then the I?G is extrapolated to the signal region ATLAS Preliminary &% 2 S4erom
(mostly using MC) \s=7TeV, [Ldt=4.7fb" Eg-ets Sf&"ﬂ?ﬁ”
Example: b-veto is inverted to estimate Top BG HWW i ~ OHnscavxio

—————

-> large Et™sS, my incompatible with mz (DY),
-> b jet veto (t1),
->Topological cuts against irreducible WW (Ady)

Jet bins: +0j, +1, +2jet (VBF)

RE
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H->WW->lvlv (4.7 fb' ATLAS)

ATLAS Preliminary H-oWW-olviv

— Observed -1
L Expected j Ldt — 47 fb

Biio \s=7TeV

ATLAS Preliminary  H—-WWolvly

—— Observed -1
. Expected I Ldt - 47 fb

Elo \s=7TeV

o [ J+20 _1+20

95% C.L. Limit on o/c,,

=

2
O
©
c
o
L —
E
3
-
o
N
7o)
»

-------1;f -

110 115 120 125 130 135 140 145 150 400 500 600
! m,, [GeV] my, [GeV]

127 130

@ ATLAS excludes (4.7 fb!) 130<mu<260 GeV
(exp 127-234 GeV)
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The Golden Channel - H->ZZ->4|

Channel Weight

@ Around 130 and
above 200 GeV

@ Probing channel:
H->ZZ->4|

110115120125130135140145150155160165170175180 185190 195200220240260280300360400440500 540600
M [GeV]

Bhviv Bz Byy Bvob O Oligg @Iw O3 vgq
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The Golden Channel: H->ZZ->4|

CLEAN but very low rate (0~2-5fb), yet probably most trustable

All information is available, one can fully reconstruct the kinematics and the
masses (M2, ma)

Signature: Two pairs of same flavor opposite charged isolated leptons, one or both
compatible with Z ->narrow peak

JA EXPERIMENT |

Run Number: 182747, Event Number: 63217197

Date: 2011-05-28 13:06:57 CEST

Main backgrounds:
& ZZ* (irreducible)
@ for mu<2mz, Zbb, Z+jets, tt

Suppress backgrounds with isolation
and impact parameters cuts on two
softest leptons

9
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H->ZZ->4| experimental aspects

. ep H->4e 0=2.5 GeV

nghly SenSI:I'IVQ 1-0 lep’ron ; 82% of events within 20
reconstruction and identification : ‘
efficiency down to low momenta

eV
(=)
o

5
o
o
ﬁ

: ATLAS Simulation

G

e m, 130 GeV
i — Gaussian fit

nits / 0.

ryunl.soO
o

O..

o
o
Sl

arbitra
=)
o
e

High electron efficiency >90% from
J/¥Y->ee,
W->el, Z->ee data

o
=
w v .

0 90 100 110 120 130 140 150
Meeee [GEV]
No Z constraint

Muon reconstruction efficiency >95% Hos4p O=2 GeV
85% of events within 20 |

Z+jets (Z+bb) & tt BG estimated g op IR
from data g

Reducible BG: 11, Zbb removed by i
isolation and small impact parameter [ |
(for m4<2mz) requirements el

My [GEV]

LAS

J* EXPERIMENT
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H->ZZ->4| Results 1

Full mass
Low mass mmm BAckground : B VEREEN range:
) Signal (m =125 GeV o DATA &
range (<180): =3 8ignal (MTiSe SEV 5 Jr Observed:
Observed: 8 . i Foipute vl 71 events,
H->ZZ" a1 | Syst.Unc. |
events, JLdt = 4.8 fb’ I H—2Z" >4 | ch 4p+
3 4H+ NS = 7 TeV | [Ldt 4.8 b 30 2€2u+
3 2e2U+2 4e f \s=7TeV W 17 4e
Expected i Expected
9.3+-1.5 62+-9
@ In the interesting low mass region ATLAS observe 3
events, two 2e2u (m=123.6,124.3 GeV) and one 4l
(m=124.6)
@ In the region around 125 GeV (+-20) expect 1.5 BG evens
* . Main Systematic Uncertainties
from ZzZ* (4Y,4e and 2e2u) and Z+jets (4e) iggs cross section  ~12% (ggF)
Zbb,Z+jets BG 40-45%
@ Expected mu=125 GeV signal is 1.5 events with ZZ* BG 14%
S/B~2(4p),1(2e2H) and 0.3(4e) E-efficiency 2-8%
31 ATLAS
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http://atlas.ch

m4|=123.6 GeV

Eilam Gross,

24th Rencontres

de Blois
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Run: 186877
Event: 84622334
2011-08-05
15:03:21 CEST




' @ATLAS
i EXPERIMENT

| http://atlas.ch
| m4y=124.6 GeV
m2u=89.7, 24. o 4

~—

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST

[ 78]
o il il
A

B T T S
o S %' |._"'-"._'-'.'§-.'-“
o e E= o R R L7 S
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ATLAS — Observed CL, -
Ho 2Z''— 4l Expected CL, -
|Lat=48f" Ml+1oc

\s=7 TeV t20

H->ZZ->41 Limits

b P

o
N [
|
|

—

o
N

T emwen T

— Observed CL, -
Ho 27" 4l Expected CL,
|Ldt=4.8fh" Wl+1c

\s=7 TeV =20

Expected
Exclusion

ha~gd

b
o
TTT

PEECr IR 2 SN PoE E  Sr re L

95% CL limit on o/c,,,
o

~ 95% CL limit on o/o,,,

My=
137-157
184-400 | i ;; . . ) VN

GeV | s iieers rset] o

| 130 140 150 160 170 180 ] BLFoEe Y 300 350 400 450 500 550 600 |
Sjgnal (m =125 GeV) | ”: @ Signal (m"=360 GeV) _|
gnal gmu':} gg 82\\53 | @ Signal (m:=520 GeV)
; e 7z Syst.unc.

—~———

Observed
Exclusion
My=
134-156
182-233,
256-265 P
268-415 150
GeV

) .
CILUIIl VI U9, 449Ul INCUHLCULLLLEICD UL D1IULD

\
NIl

T T g [ H—zZ" -4l
 fLdt = 4.8 fb™ |Ldt=4.8fb"
\s =7 TeV \s=7TeV

4'

\IIIIIIIII]II

ll]'llll]lllllllll

lllllllllllllll[lll

~ A 1 - ™ 1




| ATLAS
(*)
— Observed A )
Expected |Ldt = 4.8 fb
| \s=7 TeV

> 130 140 150 160 170 180 190 20C

|: Signal (m_ =125 GeV)

= Sjgnal (m'=150 GeV)

- Signal (m =190 GeV)
wst.Unc.

| H>ZZ a1
[Ldt = 4.8 fb'
=7 TeV

Events/5

llillllllll]llllll‘

Eilam Gross, 24th Rencontres de Blois

N ;Obsewed
Expected

H— 27" 4l

[Ldt=4.8 b

500

my, [GeV] |

600

Mgy 125 GeV

244 GeV

500 GeV

EXp. w. signal 1.30
Observed 2.10

3.00
2.20

1.50
2.1c




Heavy Higgs

Channel Weight

1 - A AEAAAE A = -

° el BT EEEEEEE

06

@ Probing channels: :
H->ZZ->llvv
H->ZZ->llqq
H->WW->lvqq

04 —

110115120125130135140145150155160165170175180 185190 195200220240260280300360400440500 540600
M [GeV]

Bviv Bz Byy Bvob Om Oligg M@Ivw B vgq
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mW =94 GeV |
E;”“ =161 GeV

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET

Candidate Event_with a Z—pp and missing E.




Heavier Higgs: H->llvv

@ Discriminating variables:
AD ,MET
Understanding of MET tails
IS crucial

7 L ATLAS Preliminary\s=7TeV Dm,,j Ldt=241b"
= H_) ZZ — vy Total Background
_High pile-up data Top
ZZWZWW
s £
Other Backgrounds
Signal (m = 200 GeV) =
— Signal (m: = 400 GeV) 91

=
O
O
o
—
&
-
o)
>
L

® Main BG: irreducible
di-Boson ZZWZ

@ Reducible, measured or
verified with data control
samples:

QCD, W/Z+jets
(suppressed by MET) and
top (rejected by anti b-tag)

29 Kﬁ ATLAS
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Heavier Higgs: H->llvv

ATLAS Preliminary ~ —— Observed
Expected

L +10

e -‘ -
JLdt=47f" \s=7TeV  — , 5,

@ Transverse mass
(two mass bins [£280 GeV] )

H-ZZ-llvy

s

2
O
©
C
o
E
-
o
3
o
o

2 !
— miss |2 2 — miss \2
D +mZ) e /

-’.
Pid
c......s..‘.:....-
Lot

Obs: excl 350<mH<450 200 250 ;300 350 400 450 500 550 600

my, [GeV]

ATLAS Preliminary \'s = 7 TeV
H—ZZ - livy

High pile-up data . DataJ- HRmEAR

Total BG
‘ pr
ZZ WZ WW
coee ZW
B Signal (mH = 400 GeV)

300 400 500 600 700

S

Eilam Gross, 24th Rencontres de Blois ‘JiEXQER_I-h‘AENL




Heavier Higgs: H->llgq,llbb

@ Highest rate, yet high Z+jets BG

® Clear signature: ) Signal x 5
3 { (m_=400 GeV)
Exactly one pair of oppositely charged same flavor — Total BG
leptons and a pair of jets. —ne

Diboson

both pairs compatible with a Z boson. Low MET

@ Discriminating variable my;;

600 700 800
m, [GeV]

10[~ ATLAS Preliminary —— Observed

H— ZZ- llgg - E);p:cted

[Ldt=4.71b"\s=7TeV 126

=

o
S
=
o
E

ATLAS Preliminary
y e data
Ldt=4.71fb ,\s=7TeV (] Signal
(m, =400 GeV)
— Total BG
— Z + jots
— Top

O L NN W B OO0 N ®

Obs: excl 300<mH<310,
360<mH<400

41 SCATLAS
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Heavier Higgs: H->WW->lvqqg

@ An elegant channel o Expected
I + 10
4 R

@ Search for a signal on fop of a {(f§ — Obeerved

falling BG

& myj; mass is the fully

' imi Vs=7 TeV
reconstructed mass discriminator s=/le

J L dt=4.7 b’

@ Analysis in jet bins, 0j, 1j and

. Ho WW= Iv ji ATLAS Preliminary
VBF 2} ,

550 600
m, [GeV]

v/\
I
>

TLAS

'ERIMENT

42
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All for one - Combine forces
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Disclaimer

@ Correlated uncertainties (Jet energy scales, Luminosity etc...
taken into account)

@ When data driven methods are used, systematics are not
correlated

@ Theory uncertaintes are carefully taken info account across
channels using the recommendation of the
LHC Higgs cross section group

“d E;ATLAS
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Combined Limit

H—vyy Exp. (4.9 fb™) H— WW — Ivqq Exp. (4.7 fb7)
H-1t Exp. (4.7 b7) H— ZZ— llll Exp. (4.8 1b™)
H— bb Exp. (4.6-4.7 fb") H— ZZ— llqq Exp. (4.7 fb™)
H— WW- Ivlv Exp. (4.7 fb) <« H-ZZ- Ilvv Exp.(4.7 b
Combination Exp. (4.6-4.9 fb”)

I L dt -~ 4.6-4.9 fb ", \s=7 TeV

%
©
~
©
-
o
L —
=
_
O
N
0
o

CLs limits

400 500 600
my [GeV]

@ WW has highest sensitivity at mH=125, Yy, bb and TT are next in sensitivity

@ High mass completely dominated by llvv

TLAS

ERIMENT

x 3

bo‘

v/'\
=
‘><>
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Combined Limit

Exp. Obs.

H-yy (4.9 1b° seee m— H WW - hqq (4.7 b7)
Hott (4.7 10 — Wy ZZ— W (4atb‘)
H-bb (46471 o —— Wy ZZ- llqq (4.7 1)
H— WW- v (4.7 1b7) c e e s ZZ5 vy (47 107)

I L dt~4.6-4.91b", \s=7 TeV

>
3
©
c
o
L —
=
_
O
X
0
o

CLs limits
400 500 600
my, [GeV]

WW has highest sensitivity at mH=125, Yy, bb and TT are next in sensitivity

High mass completely dominated by llvv
a4-& QY ATLAS
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Combined Limit (ATLAS)

ATLAS Preliminary 2011 Data ATLAS Preliminary 2011 Data
— Obs.

--- Exp. J Ldt=46-49fb" — Obs.
S+io \s=7TeV

.
o

j Ldt=4.6-49fb"

—

=

c(f)
\
C
c
G
=
=
3
_J
@)
2
0
o

CLs Limits

100 200 300 400 500 600 100200 300 400 500 €00
m, [GeV] m,, [GeV]

@ ATLAS expected @ 95% Confidence Level 120<mH<555 GeV

® ATLAS excluded 95% Confidence Level 110<mu<ll7.5
118.5¢mu<122.5
129<mu<539 GeV

® ATLAS excluded 99% Confidence Level 130<mu<486
47 CCATLAS
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Comblned Limit

ATLAS Preliminary 2011 Data ATLAS Preliminary 2011 Data

= Obs. 3
--- Exp. j Ldt=4.6-4.9fb

BE+ic
o

\s=7TeV

J Ldt=4.6-491b"
\s=7TeV

110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m, [GeV] m,, [GeV]

@ ATLAS expected @ 95% Confidence Level 120<mH<555 GeV

® ATLAS excluded 95% Confidence Level 110<mu<117.5
118.5¢mu<122.5
129<mp<539 GeV

® ATLAS excluded 99% Confidence Level 130<mu<486
4s ATLAS
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ATLAS combined po and u
H = o/oSM

i ={ u|L(ps(my,)+b) = max L(u,b)}

ATLAS Preliminary 2011 Data —

—— Best fit I Ldt=4.6-491fb"
[ 1-2Ink(u) <1
\s=7TeV

N

—r
-

N -
R
o
cC
o
=
v
©
-
2
N

200 300 400 500 600
m,, [GeV]

@ There is an excess at the low mass that could be compatible
with a SM light Higgs

49 CATLAS
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ATLAS combined po and i

ATLAS Preliminary 2011 Data - ATLAS Preliminary | 2011 Data

— Best it j Ldt = 4.6-4.9 fb”
T1-2InA() < 1
\s=7TeV

Signal strength

o
3

TE j Ldt=4.6-49fb"
\s=7TeV

' .
—

E
B
]

]

—
(&)

110 115 120 125 130 135 140 1.45 150 '
m,, [GeV] 110 115 120 125 130 135 140 145 150

m, [GeV]

@ There is an observed excess at the level of 2.50 (expected
2.90) at mu=126 GeV
with a best fit signal strength of =097

@ Global po: 10% with LEE over 110-146 GeV

30% with LEE over 110-600 GeV
s0 CCATLAS
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Combined ATLAS signal strength
u=u|L{us(m,)+b)=max L(u,b

Hﬂ‘V{‘T{

4

- ATLAS Private
-~ Best fit '
-2 InAd) < 1 Ldt=4.9

\s=7TeV

ATLAS ls;eliminary h vaéTZ'ﬂIIII

YATLhé IPrelimm:rary v H-ZZ
- Best fit

J Ldt=4.7-491"
C1-2InAfu) <1

\s=7TeV

-+ Best fit
12InAu) <1

Signal strength

JLdt =4.7-491b"
\s=7TeV

Signal strength
Signal strength

—4

| | il ) - i i . | - i ) 1 A il i
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150 200 300 400 500 600
m, [GeV) m, [GeV) m, [GeV)

3 : rAl'l’lelé Preliminary H->WW

- Best fit
[1-2Ink(p) <1

4~ ATLAS lg’reliminary H—+btr)

—e

3 — Bestfi .[Ldt-4.6-4.7 fo
F-2Inkpu) <1

ATLAS Preliminary ~ H-r

—- Best fit J Ldt=4.7fb"
[1-2Ink(p) <1

det=4.7fb‘
\s=7TeV

£
o
<
]
P
w
®
c
=
»

\s=7TeV

Signal strength

1s=7TeV

Signal strength

110 115 120 125 130 135 140 145 150
m,JGeV] i

The observed excess is driven by Yy at 126 GeV, it is

larger than 1o (yy) from the SM value ( & =1) and
within 10 when combined [,=0.97

7 %
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Composition of Excess

~ ATLAS Preliminary 2011 Data

X —— Obs.
: J Ldt =4.6-49fbr - Exp.
: 5 +10
_ . +20
\s=7TeV " Obs. vivittsbb
---- Exp. Iiv+tt+bb
— Obs. yy+4|

-y
o

I Ldt~4.6-491b

95% CL Limit on c/cy,,

. 1s=7TeV

o Qbs, Comb, (ESS)

'|O'4 =~ ----Exp. Comb. ---- Exp.H- '»'(“{. - - Exp. H— bb
— Obs. Comb, —Obs.H-oyy —Obs.H - bb

Exp H— 4l Exp H- Nk “ve Exp H-= 1t CLS Limits

TE —Obs Ho4l —Obs.Ho v —Obs.Ho 1t ,
- ' 110 115 120 12% 130 135 140 145 150
110 115 120 125 130 135 140 145 150 m,, [GeV]

m,, [GeV]

Excess is mainly composed of the high resolution

channels,
YY (obs 2.80 exp 1.40) and 4l (obs 2.10, exp 1.40) & The IOW resolu‘l'ion Channels
Excess is not seen in the low resolution channels dO nO'l' €XClUde 126 Gev

WW-s>lvlv (obs 0.20, exp 1.60), bb and TT.

Higgs

Combined local significance of 2.50 (taking Energy
Scale Systematics into account)

v/\
=
>

TLAS

'ERIMENT
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Forbidden Fruits

w3
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Cmbined Limit CMS vs ATLAS

ATLAS Preliminary 2011 Data

— Obs. -1
—Exp. Ldt = 4.6-4.9 fb

ESKs |
\s=7TeV

—
o

=

2]
A
©
c
o
L —
£
3
—
@)
2
0
o

110 115 120 125 130 135 140 145 150
m,, [GeV]

54 SCATLAS

Eilam Gross, 24th Rencontres de Blois _‘EEXBEMMENL



Combined Limit CMS vs ATLAS

ATLAS Preliminarv 2011 Data

10 : CMS Prehmlnar | g -~ - Observed
iy

VS$=7TeV | s Expected (68%) :

[: L=46-48f" | Expected (95%)| -

! e

=

2]
2
©
c
o
L —
£
3
—
@)
2
0
o

95% CL limit on /o,

10-1?. | | L _J-
16 115 120- 125 1130 135 140 145 180\/
Higgs boson mass (GeV) " Ji[GeV]

@ Not much living space for the Higgs to be,
around 122-128 GeV

55 f SCATLAS
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ATLAS vs CMS combined po

® ATLAS: local excess of
2.50 at mH=126 GeV

ATLAS Preliminary 2011 Data’

110 115 120 125 130 135 140 1.45 150
m, [GeV]

56 CATLAS
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ATLAS vs CMS combined po

® ATLAS: local excess of
2.50 at mH=126 GeV

@ CMS: local excess of
2.90 at mH=125 GeV

0 icance )
Y range 110-600 Ge V see) xp. for SM Hig
'ge 11( 1 t (

I (1L(ﬁfv1b&r’sln b-}rY A
L =4.6-4.8 fb" 22 8.7 1)

) =48 |
100 s 5 TeY s 1565130 135 140 145

_ Higgs boson mass (GeV)
110 115 120 125 130 135 140 145 150

m, [GeV]
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ATLAS+CMS+TEVATRON

® ATLAS and CMS
compensate each
other except 7125

f'l» ................... . .................... . .................... -nln ,H.EprTLAS

Obs ATLAS™

L — - Obs. CMS 5

TV =7 1 T RN S—
. = Obs. Tev

@ TEVATRON pulls
the combination a
bit up

=

2
O
©
E
7
—
O
X
0
o

@ The observed
TEVATRON is too
high to affect the
combination, yet
the expected is
low, will reduce IR PN PN I AT PP T O
the 10 band size 110 112 114 116 118 120 122 124 126 128 130
and increase the m, [GeV]
exclusion
significance

from B Murray

5% SCATLAS
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Projection into the Future (125 GeV)

)
—
o

® ATLAS expected sensitivity
with 5fb-1 @ 7TeV is 30
(2.90 with 4.6-4.9fb-1)

©
O
c
©
.
=
c
2
w

® 2xATLAS™ATLAS+CMS
sensitivity with 5fb-1 @ 7TeV

IS 40

@ Gain in sensitivity from
7->8 TeV is 10% in significance
~ 20% in luminosity

@ ->Needs about 12 fb-1
@ 8TeV for 50 discovery p/exp @

@ Since observed™expectation,
we will certainly have a
discovery sensitivity with >11
fb-1 @8 TeV per experiment

&9
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Conclusions ATLAS

@ ATLAS has done great in 2011 thanks also to a fantastic LHC
machine

@ ATLAS has reduced the living space for the light Higgs to
about 122.5<mu<129 GeV, approaching the moment of truth

@ ATLAS+CMS->
Not much living space is left for the Higgs boson

@ An excess is seen by ATLAS around 126 GeV
at the level of 2.50

@ Need more data to conclude!

@ I think from any point of view (SM, Exotic, SUSY, Higgs .....)
this is the prime fime for any High Energy Physicist @
LAS

&0
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Length : ~ 46 m
| N | Radius : ~ 12 m
Saoimelsr: g "’9:0” Calorimeter Weight : ~ 7000 tons

~108 electronic channels
3000 km of cables

Muon Detectors Ti

3-level trigger
reducing the rate

from 40 MHz to
~200 Hz

Inner Detector (|n|<2.5, B=2T):
Si Pixels, Si strips, Transition
Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:
o/pt ~ 3.8x10* p1 (GeV) ®0.015

Toroid Magnets Solenoid Magnet SCIT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \
e/y trigger, identification and measurement HAD calorimetry (|n|<B): segmentation, hermeticity
E-resolution: 6/E ~ 10%/+E Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+

ATLAS: Update of SM Higgs searches, 13/12/2011 E-resolution: 6/E ~ 50%/7E ©0.03




2011 Physics Proton Trigger Menu (end of run L = 3.3 1033 cm2s1)

Trigger Selection '-"k::ate EF ':‘ate
Offline Selection 1 - a(t 3:3)3 ¥ t( 32,’ 3
Single leptons Single muon > 20GeV 11 GeV 18 GeV 8 100
Single electron > 25GeV 16 GeV 22 GeV 9 55
2 muons > 17, 12GeV 11GeV 15,10GeV 8 4
Two leptons
2 electrons, each > 15GeV 2x10GeV 2x12GeV 2 3.3
2 taus > 45, 30GeV 15,11GeV 29,20GeV 7.5 15
Two photons 2 photons, each > 25GeV 2x12GeV 20GeV 3.5 5
Single jet plus Jet pT > 130 GeV & 50 GeV & 35 GeV 75GeV & 0.8 18
MET MET > 140 GeV 55GeV
MET MET > 170 GeV 50 GeV 70GeV 0.6 5
Multi-jets 5 jets, each pT > 55 GeV 5x10GeV 5x30GeV 0.2 9
TOTAL <75 ~400 (mean)

ATLAS: Update of SM Higgs searches, 13/12/2011
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ATLAS: Update of SM Higgs searches, 13/12/2011
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Discovery: Look Elsewhere Effect

@ What is the probability to see such an excess (or more)
ANYWHERE ln’ D (1 N M alalal=

\I/

‘/?C arXiv 10085

E. Gross and O. Vitells, “Trial factors tor e 1wok elsewhere effect in high energy
physics”, The European Physical Journal C - Particles and Fields 70 (2010) 525-530.
- | Example:

— Q= 4.5 (2.10)
— 3 crossings at 0.50

— significance reduced
to about 0.30

— trials factor about 22

2.0 290 3.8
2.0 400 6.1

global 10ca1 (Gt =Gref )2
Po = Do <N(qref)> €

LATLAS

de Blois ’ TEXPERIMENT
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H->yy ATLAS vs CMS po results

10 L-—— Observed p_ Data 2011, \s =7 TeV

SM H — yy expected P,

JLdt =491’

ATLAS

3 L. AR BN BB BN BN BB BB BB BB BB BB BB BB BB BB BB BB BB BB _BE BB BB BB BB BB BB _EBE BB BB BB BB BB _EBE BB BB BN _J

10
..-.0-... Observed P, (with energy scale uncertainty)

4
10990 115 120 125 130 135 140 145 150

my, [GeV]

66 CCATLA

Eilam Gross, 24th Rencontres de Blois 11 EXPERIMENT



H->yy ATLAS vs CMS po results

1xSM Higgs Median Expected

Local P-value

{fcombmned) AP i s - ?

Local P-value : j .

(no di-jet) : CMS prellmlnary
Local P-valu :

— Wit Observed p (Wlth cnorgy ocak}mme)artﬁma,ﬁb"

} —:— Observed p-value (Ensemble)
15 120 1%“11@ ‘135”1441)“14455 ‘1350

m, (GeV)

my |GeV]|
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H->ZZ-54] pO ATLAS vs CMS

H— ZZV7_5 41
Expected 'l—dt = 4.8 fb™

— Observed

s
10110 120 130 140 150 160 170 180 190 200

m; [GeV]

v/\
I
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H->ZZ-54] pO ATLAS vs CMS

50 b ' itk d H—> ZZ7 5 44
110 115 120 125 130 135140 745 150 155 6L dt — 4.8 fo !

mu[GeVIe?™ \ s=7 Tewv

3
0110 120 130 140 150 160 170 180 190 200

m; [GeV]
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Nightmare Scenario I: SM Higgs, period.

@ Not much living space is left for the Higgs boson

@ Looks like if there is a SM Higgs, it is either not Standard
(i.e. not alone) or our vacuum is metastable

I—llllllllllllllllilillllllllll

—— Perturbativity bound
B Stability bound
A=2n [ ] Finite-T metastability bound

I Zero-T metastability bound
Shown are 16 error bands, w/o theoretical errors

Exluded @ 95% CL

Illllllllllllllll
IIIIIIIIIIIIIIIII

Deserted
Higgs space

— LEP exclusion
— at >95% CL
e

‘l(N)4

— l
e ," v/l 4 AN T )

6 8 10 12 14 16 18
log_ (A/GeV)

Ellis,Espinosa, Giudice, Hoecker, Riotto Phys.Lett. B679 (2009) 369-375

M. Lindner, Z. Phys. C 31, 295 (1986); M. Lindner, M. Sher and H. W. Zaglauer, Phys. Lett. B 228, 139 (1989); A T L A S
o

T EXPERIMENT
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‘ W, = (luup,exp,C ]2 4 luup,exp,i ; (Si /\/Si i bi )2 ‘

' | T Z(Si /s, +b, )2 ‘
‘ \ v |
! s J

:uup exp,l

IF we normallze |nd|V|duaI channels
to the same luminosity,

the weight, w; is independent of the
luminosity
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http://springerlink.metapress.com/content/282714276v7333lp/
http://springerlink.metapress.com/content/282714276v7333lp/

H->vy Results

50>

| el b e )

ATLAS

L I T T Ll I L L Ll ] T LA Ll

\s=7TeV.JLdt=4.9 fo

Unconverted rest, low P

e Data 2011
— Exponential fit

R

AR (ST s
POO 110 120

RR Nl O L e
130 160

m,., [GeV] I

Events / 2 GeV

lllll]lll]rll]

>
S
>
7

Ls I T T Ll T L ) Ll I T LA | Ll

—

\s=7 TeV.J Ldt=4.9fb"

Converted central, low P,

e Data2011
—— Exponential fit

tlllllllllll Lll'ill"

—
—
—

N
110

PR B
150 160
m,, [GeV] i

gy g g gl gnag fio g gy
120 130 140

Events / 2 GeV

80
60

TT1]YYI]TTT[TT

40
20

IIIIYTII‘

ATLAS

T [ B i LA N B
\s=7Tev,JLdt=4.9fb1

Unconverted central, low Py,

e Data 2011
—— Exponential fit

‘LllJ’Lllllllll'lLllllll
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ATLAS

Ly 50 571 e s e
\s=7 TeV,J Ldt=4.9fb"
Converted rest, low P,,

e Data2011
— Exponential fit
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Combination : Use Correlations with Caution

LCombined (‘U,H) = Lyy (‘LL,H ) X L4l (ou’04l) X
lVlV(M’ lvlv) X L (M,H )

Need to very carefully check
the interplay between

correlated systematics...
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H->WW->lvlv Results

@ After all cuts

Signal wWw

o my = 125 GeV

S m=20G WD
my = 125 GeV

23+9

o my = 125 GeV
2.5+0.6

432 +49
18+3
99 + 22
0.3+0.2

@ Discriminating Variable 7

1204 -
. . +- Dama — SM (sys Doty
f ATLAS Preliminary @ (' wzzzw,
100 \s~7TeV,det-4,7fb' =y B Single Top
Bl Zeots [T Wejors

H-aWW "—+h’h' + 0 jets (I HNZ5GeV)

Events / 10 GeV

.

Events / 10 GeV

i
i
i
E

60 80 100 120 140 160 180 200 220 240
my (GeV])

Eilam Gross, 24th Rencontres

WZ/ZZ|Wy (i

24 +3

1.1£0.7 0.1+0.1

de Blois

68 + 15 39+9
6+3
8+ 1

negl.

73+27  35+19

26+1.3 03+03

tW/tb[tgb Z[y" + jets

8+2
6+2

negl.

0.75m, <m, <m,

W+ jets  Total Bkg. Obs.

36+£24 607 +63

5+3

7+7 229455 q
0

01+0.1 42+17

+- Dama — SM (ays D ) 7:
B vww W wZzevyg -1
\s-?TeV]Ldt 47" Ol B Single Top

. ) Bl Z+ots [T Wejors
H-WW' 'Siviv + 1 jet () H (125 GV

35 7 ATLAS Preliminary

30E
:
ol
)
:
]

60 80 100 120 140 160 180 200 220 240
my (GeV])

74

\/(Ell 'l Emlss) - (pT

Events / 10 GeV

6 £ p;uss )2

- Data =~ SM(sys @ s2a) :

5¢ .
ATLAS _Prelummary w8 Wz
\s-?TeV.JLdt-de’b" 4 B Single Top

) ) Bl Z+ots [T Wejors
H-WW' Shviv +2 2 jets () H |240 GoV

CATLAS

17 EXPERIMENT



H->yy Background

- Number of events | Fraction
16000 + 1120 71 +5 %

—&¢— Data-driven estimations
YY expected
7] expected

8 jj expected
DY expected

5230 + 890 23 +4 %
1130 + 600 5 3%
165 + 8 0.7 0.1 %

ATLAS Preliminary

@ Search in the mass range
100<myy<160 GeV

j Ldt=4.9 fb"

@ Observed ~22500 events of
which 71% are Yy
(determined from data control
samples)
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