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5 * Wide mass range
g ¢ WW:
%10‘1 € — Ivlv: clean signature
- f — Ivqq: highest rate
1 o /.
10° E — decay channels:4l,212q,212v, 212t
. — sharp resolution: 4l
10° 300 200 300 500 1000 e LOW Mass range
M, [GeV]
o) 10? i T T T éé ® T’E:
2 [ Ns=TIev Mot — four decay channels
R 41 — can benefit from VBF production
© f"‘
10" A B
— Small BR
(02 — Sharp resolution
: * bb:
102 — challenging
. ZH — I'Tbb ! Y ~ g=udscb | — boosted H
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Channels

TODAY: Second round of preliminary Higgs search results in 2011

Mode Mass Data Used Document Mass Range Data Used Document
Range (/fb) (/fb)

H>WW->2l2v 110-600 1.5 HIG-11-014 110-300 1.7 ATLAS-CONF-
NOTE-2011-134

H-2>WW->2l 2q 250-600 1.04

H > ZZ >4l 110-600 1.7 HIG-11-015 120-600 2.2

H->ZZ->212t 180-600 1.1 HIG-11-013

H->Z7Z->212g 226-600 1.6 HIG-11-017 200-600 1.04

H->ZZ->212v.  250-600 1.5 HIG-11-016 200-600 1.04

H - vy 110-150 1.7 HIG-11-021 110-150 1.08

H - bb 110-135 1.1 HIG-11-012 110-130 1.04

H-tt 110-140 1.1 HIG-11-009 100-150 1.06 ATLAS-CONF-
NOTE-2011-132
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Delivered integrated luminosity (fb™")
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Muon Detectors

Detector characteristics

A

< idth:
Electromagnetic Calorimeters | V\{'dth' 44m

[ Diameter: 22m

<

vacuum chamber

7000t central detector

Weight:
Solenoid ;
Forward Calorimeters
M —— - e a—
o
{ ¥
.l |

Inner Detector

Barel, Toreid Hadronic Calorimeters

End Cap Toroid

electromagnetic

calorimeter
hadronic

" calorimeter

CERN AC - ATLAS V1997 -

Weight:  14'500t

Shielding

Tracking: |m[<2.5,B=2T

e Si pixels and strips

e Transition radiation detector
Calorimetry: |n|<5

e EM: sampling; Pb/LAr accordeon

e HAD: Sampling Fe/scint. + Cu-W/LAr
Muon Spectrometer: | n|<2.7

. 26/8/11 Slawek Tkaczyk
e Air-core toroids with muon chambers

Tracking: |n|<2.5, B=3.8T

e Si pixels and strips

Calorimetry: |m|em<2.5 |n|hd<5
e EM: homogeneous PbWO, crystals
e HAD: Cu-Zn/scint. + Fe/Quartz
Muon Spectrometer: |n|<2.7

* Solenoid return yoke instrumented
Scalars 2011
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Channels

* Profile likelihood test statistics used to derive 95% CL
— Modified frequentist approach — CLs prescription
* 95% CL Higgs cross section limits in units of SM expectation
— Form joint likelihood when combing channels
— Include correlated and uncorrelated systematic uncertainties

* Use CLs and Bayesian methods
— Good agreement found
— Quote CLs as final results

* Signal strength u=0/0,,, indicates by which factor SM Higgs
cross section would have to be rescaled to best match the
observed data
— The green and yellow bands represent 1- and 2-sigma expectations in

the absence of a signal

* p-value estimates probability of upward background fluctuation

at least as high as the excess observed in data
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High sensitivity to presence of Higgs over broad range [110,600]
WW selection in terms of jet multiplicity: O-, 1-, 2-jet bins
— Count jets with p;>30GeV

Background estimation:
— Data driven: Top, WW, W+jets, DY(ee, uu)

— MC based: DY(tt), WY, WZ, ZZ

Small azimuthal angle between the leptons — W spin correlations —
opposite spins expected

Challenge to understand the effects of the event pile-up
Signal extraction in CUT BASED analysis

— M,, dependent cut optimization with additional cuts on
P, My, M, and Ag,
In 2-jet bin: e*
— Additional selection for the VBF topology e /
va

* An; >3.5and M; > 450 GeV W /‘/6

v
e
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hannel

Kinematic Distributions after WW selectlon e \WW Event selection:

@ T 8 40 e T ]
g LT Wz GMS profminary 5ol _ﬁf;‘;eo 'm; cws preimnary | — Events collected on single and
@ = top L=1.55f" — | i .
> W I A 1 double lepton triggers
g Ll 1 £ 1- | — Exactly 2 well identified
° | © 20} + + + 1 isolated leptons (ee, eu, uu)
N j_ﬁ | : + . | of opposite sign
' ] #' j * Pt>20Gev for leading;
ol i -] Pt>10GeV for trailing
0 50 100 150 0 50 100 150 lepton
A ¢ [degrees] A d ..
! tldeoreesl _ ) arge Missing Energy (MET)
“% go| + s Wzwe  Cuspreiminay | 2 | e s Wows | OMS preiminary | thus no mass peak
8 I — m=160  top L=155f" - @ — m=160  top L=1551" . . . .
o | Hww Mwz o 40f Hww Bz 1 — Reject events with identified
g 60 [ wiets ] % | 1 wijets 1
g O-jet £ 1-jet 7 b-decays to reduce top
® ol ﬁ H 1 ° % f contamination
L — 20,
- - TR | , + — Same flavor leptons
20 %M ) -#g# _Hf ﬁ inconsistent with the Z decay
# \+ 3T i . . .
Y N SOOI i oLb % — Reject events with dileptons
0 50 100 150 200 0 50 200 I . t I d . t
. (GoViCT Govich recoiling against a leading je
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CMSNs=7TeV,L =155 fb!

e data
CJH(140) - WW
i W+jets
M di-boson

top
I Z+jets
IWW

P2~ Kmis < /et ang; P P= m n 4
. ;20/7?) SC'Uts Vero Ver, tf b"agr cyr oy 1 Cuyp T Cuty D

I Cup

2V

CMSNs=7TeV,L. =155 fb'!
e data
COH(160) — WW
m W+jets
B di-boson
top
M Z+jets
IWW

Hj

Cut evolution in O-jet bin
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H— WW — 2I2v + 0/1/2 jets (CLs)

\bﬁ 105_ ----- 95% CL exclusion: median ' Observed eXCIUSion regi
g % CMS m 95% CL exclusion: 68% band i .
: 8;— +gg;/oeSIédexclusmn:gSWoband for SIVI nggs Wlth cut
2 based analysis:
5 st — [147,194] GeV at 95% CL
i3 — Smaller than expectations
2 — MVA based analysis update
i soon
0o 720140 160 180 200 220 240 260 280 30D
Higgs mass, m_ [GeV/c?]
MH=140 GeV
process Higes g WW ge—WW  VV top Z/y" {70 W+jets )Bkg data

O-jetbin,SF  188+42 315+55 15+08 08+£01 31£1l 0.1=0.0 5623 440x62 46
O-jetbin, OF 159+36 29.1+£51 13+£07 05£01 14£05 3142 53+22 406x70 41
l4etbin,SF  66+22 83+£31 05£03 05£01 56£12 02=0.1 2411 178x35 23
l4etbin, OF 46+15 58+£22 03£02 03=01 32+08 12£27 1509 126x37 23
2-jet bin 0501 06%+02 01=z01 00=00 26=15 08=0.6 10£06 53x17 7
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ATLAS Preliminary o Daa % SM(sys@stat
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00120 140 160 180 200 220 240
M, [GeV]

i I e
60 80 1

Event yields after full selecti@

Final selection, optimized for m,=150 GeV

4316 2.2#14 5319 70 34+7

0-jet

1-jet 10+2 6.911.9 2344 23 1243

Transverse mass after all

cuts (except my itself)
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6%102 ~ ATLAS Preliminary ~ CLs Limits

s = *) =
2 - — Observed HoWWH Shvive 2
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O-jet and 1-jet only

107956940 160 180 200 220 240 260 280 300
: . my[GeV] :
* Observed exclusion region for the SM Higgs:

— [154,186] GeV at 95% CL
— Expected: [135,196]

— Jump at 220GeV due to change in selection
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m,, = 400 GeV/c?
® Data
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ATLAS Preliminary]
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Ns=7TeV E
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[ Signal (x 100)

m,, = 400 GeV/c® ]

e Data 3

top -

W/Z+jets
Multi-jet
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H—Ivqq+ 1 jet
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0 200 300 400 500 600 70
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g

Large BR for high mass Higgs

Suffers from large W+jets backgrounds

Selection: a high pT lepton, large MET and 2 jets
consistent with W decay

— Search for peak in the M(lvqq)
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 HIGGS->ZZ(*)
— Key decay mode in the SM Higgs search

o 7Z(*)-> 4 leptons
e 77 ->2 leptons + 2 neutrinos
e 77 ->2 lepton + 2 quarks

e ZZ->2 leptons + 2 tau leptons

26/8/11 Slawek Tkaczyk Scalars 2011
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* Four energetic and isolated leptons

 Two pairs make Z boson candidates

— First pair: Z->ee, uu closest to Z mass
with 120 >m_[I>60GeV

— Second lepton pair: (M4/>100GeV)
— Baseline selection: 120> M_Z > 20 GeV
— High mass selection: 120 > M_Z >60 GeV

M,, = 201 GeV

* Clean signal expected

— Narrow peak in the mass spectrum —
mass resolution 2-4 GeV

— Small backgrounds

— Main background: ZZ, estimated from
data and shape from simulation
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Events/10 GeV/c?

MC and data agree

Expected signal

as a sharp peak

21 evts observed (21.2+/-0.8 expected)
No clusters of events present

6 evts observed below kinematical

threshold (2.8+/-0.2 expected)

Ns=7TeV L=1.661b"

CMS Preliminary 2011
T

900 200 300
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Events/10 GeV
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27 evts observed (28+/-4 expected)

Exclusion at 1 x SM cross section
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N
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® DATA
Background ATLAS Preliminary
[ Signal (mH=150 GeV)
@ Signal (mH=220 GeV)
[ Signal (mH=480 GeV) x 2

H—zZ" -4l
[ Ldt=1.96-2.28 fb”
Ns =7 TeV

95% CL limit on o/cg
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T+ 1
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m4| [GeV] :alars 2011
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ATLAS Preliminary
H 2z 41
[Ldt = 1.96-2.28 fb”

\/s=7 TeV
— Observed CL
...... Expected CL ]
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[ 1+20
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for LP)

CMS Preliminary,\'s=7 TeV, 1.1 fb" CMS Preliminary,\'s=7 TeV, 1.1 fb"
N IIII|IIII|IIII|IIII|II||||| 270_I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Q DCD N
> 1.4 ® DATA 1 <, 60F H— Z2Z — 2I2¢
8 1oL E H200 - 2Z - 2I12v | § g Expected CLs Limit
¥ . [ |Ha00 -2z — 2120 o 50 E =10
?) 1+ ® 4 © [ ]+20
c - 22 =2 40~ —— Observed CLs Limit 4
o 0.8 \jWZ/Zﬂets ] ]
it 30 .
0.6 — ]
0.4 | 20 -
0.2+ - 10F -
; o | N B :||||||||||||||||||||||||||||||||||||||||:
? 00 200 300 400 500 600 200 250 300 350 400 450 500 550 600

Exclusion at ~10 x SM cross section
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o, CMS Preliminary 2011, 1.6 ft5' \s=7TeV
T T | T 1T T 7T I T 1T T 7T I T T T T I T 1T T 7T I T 1T 17T | T

* Higher BR compared to 4l mode —x20 more events 35 | d
] ) ) o (O] B —— Sideband Extrapolated Fit i
* Worse mass resolution with 2jets — less precision g ok + 2brtag 212q data -
. . . . ~ - Z + Jet i
* Events analyzed in bins with 0,1,2 b-jets g2 | EW:W” :
Q 15¢ I zzwzww ]
. L Z [ ] 400 GeV SM Higgsx3 i
Cm\sx : CMS Experiment at LHC, CERN B b
i Jet: 207 GeV s e 101 -
ggbéergg:;; 3396364347 /1978 i ]
Jet: 207 GeV 5 ]
: T,

200 300 400 500 600 700
e Zselection: my, [GeV]

— 70<M_Z1 1l <110 GeV (against ttbar)
— 75<M _Z2 jj<105 GeV (against ttbar and Z+jets)

— Use 5 angles of scalar H in a likelihood
discriminant

 Backgrounds:

e: 114 GeV — Large contribution from Z+jets suppressed by
MET cut

— Small additions from VV, ttbar and QCD multijet

e: 177 GeV

26/8/11 Slawek Tkaczyk Scalars 2011 21



CMS preliminary 2011 1.6 fb" at\s =7 TeV

= B
DCD B . : : ' ' : : _
N —s— CL, Observed p
\o\° 14— S p— — -
Dg s CL, Expected :

12 - CL; Expected+ 1o | """"""""" """""""" —

100= - —— ClL Expected+20 | __________________ ________ -

200 250 300 350 400 450 500 550 600
M, [GeV] .




Events / 25 GeV

95% C.L. limit on G/OSM

o data f L dt=1.04 fb"
- Signal (m,=400 GeV)
—— Total BG
—Z
— top

—— Diboson

n-tag

r]‘:b_l—m Lfb—m_a

R

o
hd
III|IIII|IIII|IIII|IIII|IIII|IIII|III

L

- ATLASPreliminary | o fLacioin’
120F B Signalx 10 _ 3.5
N (m, =400 GeV) 7 E
100:_ :'Iz'otalBG _: 3E
C — top ] 2.5
80 — —— Diboson -] -
C . 2
60— . 15 -
5 No b-tag 3
40 C . 1=
20F 7 05F
0 L T T e T e e e o T SR P N i - | Tags | E
100 200 300 400 500 600 700 800 900 0
mIIii [GeV]
25 _I | LI | LI | LI | LI | LI | LI | L | LI | T
-~ —— Observed ATLAS Preliminary ]
[ e Expected 4 ]
20 - 1 f Ldt=1.04fb" \'s=7TeV.
E [ ]+20 H—ZZ—llqq :
15 — ]
10 -
51 -
O | 111 | | I | | I | | I I - | | I | | I I | | I | | 111 |

200 250 300 350 400 450 500 550 600

111

11 15k LTI | = [ |
100 200 300 400 500 600 700 800 900

my; [GeV]

Z selection:
— 76<M_Z1 1l <106 GeV (against ttbar)
— 70<M_Z2 jj<105 GeV (against ttbar and Z+jets)
— P_tjet >25Gev MET<50GeV
— Veto third lepton
Backgrounds:

— Large contribution from Z+jets suppressed by MET
cut

— Small additions from VV, ttbar and QCD multijet

Observed limit: 1.7 x SM for mH=360GeV

Expected limit: 2.7-9 times the SM

predictions -



CMS preliminary,\s=7TeV, 1.6 fb™' 4
ET T T T[T T T T [T T T T [ 1| e Higgs (300 Gev) |
CMS,/! — : o Top
i 10° I ww _
g I wz
> e
CMS Experiment at LHC, CERN o 1 03 = Z+Jets (Data)
Data recorded: Thu Apr 28 23:14:53 2011 CEST (D E
Run/Event: 163659 / 21497971 = —e— Dimuon events (Data)
Lumi section: 28 . o C =
—
> ~ 102 E
4 7)) £
L = C
¥} S 10l
. Q 10t
w E

Higgs Candidate:
pt: 20.7 GeV. 1

& S i Ll
pfMet, pt: 290.9 GeV : Z, pt: 282.2 GeV transverse mass: 599.6 GeV
< mass: 88.7 GeV

-1
10 0 50

MET [GeV]

CMS preliminary,\s=7TeV, 1.6 fb™
L

T I L | I L L N L L

- Higgs (350 GeV)

- vz
4

Top/WW (Data)

-------- Z+Jets (Data)

—=e— Dimuon events (Data)

Mr? = (\/pTZ2 + Mz* + \/MET2 + Mz*)? — (Prz + MET)?
10
* C(Clean signature

o]

TTT E T LI | L T | L | T T T | T T

%

-

* Two opposite sign leptons with |M;—M,|<15 GeV,
p_T>25 GeV

* Main bkgds: Z+jets, ttbar, VV from data and MC
* MET > 69 —170GeV (slides with M,,)
— Suppresses Z+jets

.....

o

Events / 40 GeV/c?
»
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Expected: 1.3 x SM Higgs cross section
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e One of the most sensitive channels at low mass
despite small branching ratio

 Event Signature: two photons and sharp peak
in invariant mass distribution _
 Mass Resolution ~3 GeV i
— design resolution 0.5% for E(g) > 100 GeV .
— Importance of material distribution upstream
— Transparence corrections
— Background rejection critical g/pi0
* Event selection:
— Two isolated photons with large transverse

momentum C;'o‘ - CMS preliminary —¢ Data

. . S C \s=7TeVL=166fb" — Bkg Model
— Di-photon mass reconstruction — proper vertex 2 300p e -113,
assignment -> dedicated algorithms © 300/ A1catesees comoines 20

— Z->ll decays to validate vertex assignment and
energy scale and resolution

— 8 CMS(5ATLAS) data categories depending on Pt
and mass resolution and conversion status

— Simple background model - exponential

— Signal sum of Gauss Functions with parameters
taken from Z->ee data

: 1 1 1 I 1 1 1 I 1 1 1
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* Important channel to get information about the H
couplings to quarks

 Dominant decay channel for light Higgs
— Huge bb backgrounds

* Associated production VH to get the boosted H
— Better control of the abundant QCD backgrounds

e Selection: V(W,Z) Pt> 100-160 GeV giving a boost to H
 Good b-tagging and MET quality
 Top, VV, Wjj background shapes from MC fit to the data

26/8/11 Slawek Tkaczyk Scalars 2011 29



Entries/ 10 GeV

Qsm
n
(=]

95% C.L. limit on o/,
@ ® =)
=) o =]

Y
(=)

N
o

450 ATLAS Preliminary ' o data
40E | Lat=1.04 17 B Signal x20 3
= (mH=115 GeV) E
35F — Total BG =
= —Z E
30p — Top E
25;— —— Diboson —;
20¢ ZH main bkg :
15;— - + Z+jets
10F
5F
0: , L. PR R S v
0 50 100 150 200 250
m., [GeV]
| —e— Observed (CLs) a
I Expected (CLs) det=1.04 fb, \s=7 TeV
T T +10
[ 1+2 VH, H— bb
B ATLAS Preliminary
Sensitivity  ~15 X Ogy,
Limit ~10-15 X ogy,

WH main bkg : 40

-Top prod. 20
-- WHjets
J 00

E 40 _I T T T T T T T T T
g [ CMS Preliminary :
o 35F :
2 F H(bb), combined '
E 30 —e— CL  Observed
= F e CL¢ Expected
-
BN
3

20

15

Entries / 10 GeV

"ATLAS Preliminary
L dt=1.04 fb”

T I T T T T I T T T T
® data

I Signal x 20
(mH=130 GeV)
Total BG
—Z
w
Top
——— Diboson
Multijet

IIllIlIIIlI]llllllllIIIIIIIIIIIIII

) ANEN]

[GeV]

......................... fb‘

t

N 10

N 5

_11|o| L |11|5| Lo |1£o| [ |1£5| L I1:|;o ow '11|o' L1 '11|5' Ll '12|0' L l12|5l L1 l13|0| 1 |1é5| I
Higgs mass [GeV] ) . ) ) Higgs Mass [GeV]

26/8/11 Slawek Tkaczyk Improvement insensitivity expected with higher boost 30



—_
o

95% CL limit on o/cg,,

. ATLAS Preliminary I

Hoyy (1.08t07") ===="
H— WW= Ivlv (1.70 b)) +oevveen
-------- ———— W/ZH,H—bb (1.04fb") = =+ ——— H-2ZZ-llvv (1.04fb™)
Hott (1.06 fb™)

Exp. Obs.

H— ZZ— Il (1.96-2.28 Tb™)
H—> 2Z liqq (1.04 1b™)

" .
: )
- 2N
N
L i

L dt ~ 1.0-2.3 fb",\'s=7 TeV CLs limits _|

| ST S S S N S

100

Sensitivities different in
detail but on average

similar

26/8/11 Slawek Tkaczyk

200

300 400 500 600

my [GeV] CMS P‘rel‘im‘in‘ary‘/, Vs=7TeV

— Combined observed
--------- Combined expected

H— bb (1.1 1)

—— H-wt

H— vy

— H-Ww %
—_— H>ZZ >4 (
(

H—=Z77Z—-2l2t

—— H>ZZ—>22q (16
—— H—>ZZ—>22v (16

95% CL limit on o/

Scalars 2011100

200

7300 400 500 600
Higgs boson mass (GeV/c?)



Ination

T T T T T T T T T I T T T T T T T T T T T T I T T

= F [ T 1T " T T T T T ) I I
. | ATLAS Preliminary CLs Limits ] o E ATLAS Preliminary j
Rt ) e =
S | —— Observed i - &
— ---- Expected I e -1 10 =
g 105— IERE Ldt=1.0-2.3 fb—E § _____________________________________________________ 3 26
a [J+20 \s=7TeV 7 102E ]
L f 1 = . 3
8 L - 103:g """""""""""""""""""" """"""""""""""'?: 30
1T R My — = 3
- ] 104 ; =
- : Foeee Obsorve d """" Frmeene e i 40
I ] 10°g— Yosenve ' _ 1 3
= Expected Ldt=1.0-23f" =
% [N T T T T T T N S TN T [N S SN S (T SN TN N NN M S | I~ e — 7
10777920 140 160 180 200 220 240 10% \s=7TeV =
my [GeV] e r 3 50
10-7 Lo v by o by o b b by by by
s oo T, 100 120 140 160 180 200 220 240
\b"’ - ATLAS Preliminary CLs Limits . my, [GeV]
© L _
§ | heeed - - SM Higgs excluded at 95%CL:
E ok mito det=1.0-2.3 o | '
g - I:]EZG \s=7TeV E - 146 < MH < 232 GeV
22 — 256 <M, <282 GeV
(¢)]
A gy — . — 296 < M, < 466 GeV
5 ] * Probability of background-only
- . experiment to fluctuate thus far
107 =———550—""300 400 500 600 e Observed below expected .

m,, [GeV] Scalars 2011



Ination

B [ OMSFreiimina, (57 TeV [ omenes || 3 1E
\b Comb|ned, Lint = 1 1 '1 7 fb-1 ....... Expected + 1o (?U k 'p-l-l ~
g B O e ————— R ——— [ T T Expected + 20 = S- 10" . \/
— (4] - B
= S | 1
—_ —I =~ s ' ol il
o H: b .
S < ;
N r_/-—-‘(ﬂ - % i
Lo 1 IR SRS SR __CMS Preliminary, \'s = 7 TeV _|30
* 10° E -
= === (Combined T
e o - 1.1 "
- o Hos1r ?1.1 fb‘_';
104 Interpretation requires Iqok- o E:Y&VYZW . GZ;EE‘)) |
- els?where eﬁej:t correctlon IIIIIII — H:ZZ: o 51.-1 fb,1)) 140
Il Il Il Il Il Il Il Il Il Il Il Il Il I | N I Il Il Il Il I 12 14 1 1 2 22
100 200 300 400 500 600 0 0 G0 80 00 0

2
Higgs boson mass (GeV/c?) | Higgs boson mass (GeV/c")

e SM Higgs excluded at 95%CL: O s e
145 < M,, < 216 GeV P :

-
o
\HHH‘

— 226< MH < 288 GeV 08 [T ES

. i CMS Preliminary, \Js = 7 TeV, Combined, L, =1.1-1.7 fo’" j
_ 310 < MH < 400 GeV 10 ?_ ‘ |nt‘erpf‘etat‘ion‘re(‘IUireS‘IO(:szel‘se‘vvhere‘effécF (‘30‘I'I"e‘Ct‘iC‘)n‘ o ?40

* Probability to see an excess at least as 3‘3"’23 [ ENETEE
large as observed is 0.4 (LEE corrected) R A f

26/8/11 Slawek Tkaczyk Scalars 2011 Q0 200 - s T
Higgs boson mass (GeV/c?)



CMS and ATLAS have searched for the SM Higgs in 8 (7)decay
channels with integrated luminosity up to 1.7 (2.3) /fb

No significant excess of signal like events observed

Expected 95% exclusion range in the absence of signal 130-440 GeV

Observed 95% exclusions are in ranges: [145-216], [226,288],
[310,400] or [146-232], [256,282], [296,466]

— The gaps are consistent with statistical fluctuations

Indication of light SM Higgs boson in the LHC data (My<145 GeV)

LHC data sample is growing rapidly and
determination of the source of the excess at low
masses is imminent.
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