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Disclaimer

All (but one) results shown here were done using the ~35-43 pb-’
of data out of the ~48 pb-' delivered by LHC in 2010
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Brief Overview of the Standard Model Higgs
Boson Searches Landscape at LHC
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The Usual Main Production Modes

Data driven background estimates legitimate use of NNLO cross sections!

\s=7TeV - - Gluon fusion process :

LHC HIGGS XS WG 2010

Dominant process known at NNnLO

However rather large TH uncertainty* ~O(15%) due
to the large corrections for gluon initiated process

- Vector Boson Fusion :

! ’
q q

Wz

# known at NLO TH uncertainty ~O(5%)

Wz

| | | o B 1 ’ Rather distinctive features with two
100 200 300 400 500 M, [Ge\1/ ﬁ)oo conspicuous forward jets and a rapidity gap
: p , , - Associated Production with W and Z .
>~N“,v< >,/V,< known at NNLO TH uncertainty ~O(5%)
a w ¢ z Very distinctive feature with a Z or W decaying leptonically

- Associated Production with top pair :

known at NLO TH uncertainty ~O(15%)

Quite distinctive but also quite crowded
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Decay Modes

Brief discussion of the channels that count...

- The dominant b-decay channel

—

‘D [ | — T T T T T T T T E
S b :
Huge backgrounds, needs distinctive features at © -\ 1%
production level and beyond... o - 3
c N b3
Revival of bb channel in boosted A. P. S 3
& 107
- The Tt channel @

Also needs distinctive production features,
typically VBF.

New trend inclusive ! )
10
- The yy channel

Small branching but very distinctive signature
on its own.

- The WW and ZZ Channels 100 200 300

Excellent channels but the lepton branchings
take a large toll...

500 1000
M, [GeV]

Common effort LHC-wide to compute cross sections and branching ratios and...
- Use common standard model input parameters

- Use a common strategy on the estimation of uncertainties some of which are

highly correlated (scale variation, PDFs, ag, etc...)
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Higgs Search Projections at 7 TeV

The Projections of the Higgs Searches as Guidelines for Chamonix Workshop
(ATLAS as example, CMS has similar sensitivity )

Main idea at LHC is to expand the search range at much higher Higgs masses

- Most sensitive channels the high mass range are ZZ in general but ZZ—llvv and
ZZ—llqq in particular

- In the low mass range the most sensitive but less precise is WW—lvlv

ZZ (4l) channel is the cleanest and
10 very precise but has the smallest
- sensitivity
B vy channel is crucial in the low
1E 4 massrange
- 1 (preferred mass domain by indirect constraints
- 1 from precision measurements, intricate at
B T W 7 TeVatron as well)
107 :_\E:? TeV ~ ATLAS Preliminary =~ ——H-zz-i .
- i i —h— H-yy 1
- (Simulation) -V H- 55 1 VBF ©t and boosted AP H—sbb are
i f L dt=1 fb" S5O | promissing but lower sensitivity
o2l === | (notdiscussed here)
100 200 300 400 500 600

m[GeV] 5/71

ATLAS and CMS have very similar sensitivities



Higgs Search Projections at 7 TeV

The Projections of the Higgs Searches as Guidelines for Chamonix Workshop
(ATLAS as example, CMS has similar sensitivity )

Main idea at LHC is to expand the search range at much higher Higgs masses

- Most sensitive channels the high mass range are ZZ in general but ZZ—llvv and
ZZ—llqq in particular

- In the low mass range the most sensitive but less precise is WW—lvlv
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o 107 = e Hory y =
2 — -4 VH, H> bb (Simulation) ]
g } --_--g:r';;ined 1:
| Bl \s=7 TeV Projection f L dt=1fb "
[ J+20
10-2 . ! . ] | L | | | ! T J
100 120 140 160 180 200
m[GeV]

ZZ (4l) channel is the cleanest and
very precise but has the smallest
sensitivity

vy channel is crucial in the low
mass range

(preferred mass domain by indirect constraints
from precision measurements, intricate at
TeVatron as well)

VBF Tt and boosted AP H—Dbb are
promissing but lower sensitivity
(not discussed here)
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Fundamental Prerequisites

In the ~40 pb-1 of data collected in 2010 ATLAS and CMS have managed to measure
most of the known SM processes

PR ekt s e AP

Electroweak Cross-Section Measurements at the LHC
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—— This talk...
7171




Similarly in CMS...

CMS preliminary 2010
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The Low Mass Higgs Channels

The VBF H—tt and boosted associated Higgs to bb channels not described here

Mainstream channels event yields for 1 fb! @ 7TeV (with trigger and reconstruction efficiencies) :

vy (120 GeV/c?) WW (170 GeV/c?) ZZ (130 GeV/c?)
25 20 (no jets) and 13 (2jets) 1 (4e,4u,2e2u)

f

Small branching but
large event yield
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ATLAS-CONF-2011-025 The H—yy Channel(s)

- All inclusive and very robust signal (in particular against pile-up)

- Despite the low branching (~0.2%) it has the largest event yield!

- If observed implies that the Higgs is not spin 1 from Landau-Yang theorem

- Excellent mass resolution required : ~1.4 GeV/c?

400 T T T Event selection : 2 photons p,>25 (40) GeV
200 ATLAS Mean=(119.72:0.01) GeV ]

22000 -
=1800) 0=(1.42+0.01) GeV E
51 800F At least 1 converted y ( )

<1600F

1400[
1200
1000}

800}
600F
400F-
200F

POO 105 110 115 120 125 130 135 140
M,, [GeV]
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ATLAS-CONF-2011-025 The H—yy Channel(s)

- All inclusive and very robust signal (in particular against pile-up)

- Despite the low branching (~0.2%) it has the largest event yield!

- If observed implies that the Higgs is not spin 1 from Landau-Yang theorem

- Excellent mass resolution required : ~1.4 GeV/c?

700 T Event selection : 2 photons p,>25 (40) GeV

=
8 ool ATLAS Preliminary o+ 14x2.35 | o
2 C (Simulation) 1 Using a MC based calibration (thoroughly verified
S 500 ~3.3GeV/c? |  intestbeam) and an already good knowledge of
E 400t ...and Data ! 1 the amount of material upstream of the
T 300k E calorimeter (with in situ measurements)...

200k After energy scale corrections estimated with Z

; mi events, the resolution is conservatively

- 1 estimated to be ~1.9 GeV/c?
PO 712 114 116 118 120 122 124 126 128 130

Will improve with a better calibration and more

M., [GeV] o
: accurate detector description

Primary vertex reconstruction is also crucial (photon pointing, recoil tracks and conversion tracks)

(5.6 cm beam spot adds ~1.4 GeV mass resolution!)

This is not the whole story... i



Backgrounds

Born Brem Box

W S WA D000 M-

Irreducible backgrounds

L q

q

WA 9000 —Lawwn-
- Born and box  Best estimate by parton-level resummed NLO ResBos

- The brem is in principle reducible in practice not, and it is a process difficult to simulate

Best estimate by parton-level NLO fixed order Diphox (T. Binoth,J.Ph. Guillet et al.)
Now SHERPA (Gleisberg, Hoeche et al.)

- The Reducible backgrounds :  Critical to reach jet rejections O(5000)
00000

Not at all exhaustive list...
mVAVAVAVAVAV RQRAQQ ft————

mYAVAVAVAVAV

Final state parton(s) fragments into a leading nt°
Best estimate by parton-level fixed order NLO JetPhox (S. Catani, M. Fontannaz et al.)
Also note : large difference Pythia vs. Herwig in the leading n0 fragmentation

A complete NNLO calculation is (for the time being out of reach)... 271

Not a problem because...



Backgrounds Estimates in 2010 Data

—e— Toy sample (1 fio )

>400 |||||||||||| [Trrrproro [rTrororproTo LI B | B —
3 ‘ATLAS Prellmlnary - slgnamo 15
9300 1fb 1Vs = 7 TeV [ Tvyvy (Born & Brem) 3 E
- [ v v (Box) 19
=250 t ] v-jet 4 2
D - 1 ©
2 I Di- jet 1 o©
5200 B Drell Yan - u>J

e S srws arararare e e T SN N S T
‘POO 105 110 115 120 125 130 135 140 145 150
L [GeV]

Thorough estimate of the expected
backgrounds using Monte Carlo event
generators and cross-section programs
(DiPhox and ResBos)
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Events/5.0 GeV

35

30

25

20

15

10

Backgrounds Estimates in 2010 Data

ATLAS —4— Data 2010
Preliminary ji @ v] theory error

1 @ vy theory error

j Lat=37.6 pb —— DY expected
—— 4 | expected
+ 7] expected
— 4y €Xpected

II|IlII|IlII|lIII|llII|lIII

[
|

I e e B PN SOSPSNSNS ISP UP PSS SEOPUNTTS U UPErAD ATSTUTUrI e grre) NUrarirm
100 105 110 115 120 125 130 135 140 145 150

M,, [GeV]

Thorough estimate of the expected
backgrounds using Monte Carlo event
generators and cross-section programs
(DiPhox and ResBos)

First comparison with the data shows a
resonable agreement (slight deficit in
the data)

Events/component

120 — I |
N Data 2010 ]
100 data-driven composition _]
[ 7Y expected .
80 vj expected B
B I jj expected -

- B DY expected N
601 ]
- ATLAS -
40 Preliminary ]
: -1 i
20 + j Ldt=37.6 pb E
ol L ——— ? —

|
I V) J DY
Each individual background component
has been estimated using data driven
methods (with reversed cuts control
regions) and Z—ee for the DY

component
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oxBR(H—yY)/SM @ 95% CL

The H—yy Inclusive Channel 2010 Results
The PCL at work

L L L
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L e
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100~ . e - —{ 100 i —
- Observed limit  ATLAS Preliminary 2 - ----- Expected CL_limit ATLAS Preliminary -

E e Expected limit - - s 1
gol.  MMiio Ldt = 38 pb” 1 g et f Ldt=376pb" ]
. + 20 - L * 20 _— A

_ . L — — — DZERO obs. Iimit8.2 fbo
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0110 115 120 125 130 135 140 0110 115 120 125 130 135 140
M, [GeV] My, [GeV]

ATLAS limits are already competitive with those of TeVatron...

PCL limits are typically 20% less conservative than the CLs method in certain
specific cases (near the -1o limit) the observations can differ by larger amounts
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Update of Background Studies in 2011

Events/5 GeV

Only result with 2011 data

L B B L BB I L B IR IR LR IR
80 ATLAS Preliminary +— 2011 Data E
70 det=94 pl::'1 ji @ vyjtheory error E
@ yy theory error ]

80 ——— DY expected E
so—y Tt + jj expected E
: ' — — +y] expected -
401 _T_ +yy expected —
o :
10F- o =

100 105 110 135 120 125 130 135 140 145 150
M,, [GeV]

Slight deficit where a slight excess appeared in 2010

No excess in the 2010 and 2011 combination apparent
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Update of Background Studies in 2011

Events/5 GeV

Only result with 2011 data

1P| R I U I I UL I S R
ATLAS Preliminary —— 2010 and 2011 Data

det_131 pb ii ®yjtheory error
@ yy theory error

DY expected
----- + jj expected
— — + ] expected
+ vy expected

100
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Slight deficit where a slight excess appeared in 2010

No excess in the 2010 and 2011 combination apparent
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How to Improve the Search Sensitivity ?

1.- Separate events in categories (pseudo-rapidity, conversions)

2.- Separate events in exclusive analyse in terms of jets

80% gg, 10% VBF and 10% AP*

60% gg and 35% VBF

20% gg and 80% VBF

N-jets

i~ T | L B UL L I I IR
& 3002 ATLAS .
= s/b ~ 2.6% EESen :
EF 250F E?._?Irreciucible bkg
§ 200F [ Reducible bkg

150F—=
100

50

P e B ey P |

'I'Illlll

s e B

TT [T T T T [ T T T T[T T T T [ T T T T [T T T T [TTT

ATLAS
. Signal

Irreducible bkg

D Reducible bkg

II\||I|||||||<

s/b ~ 8%

do/dM,, [fb/GeV]

II[III|III|III|1II|III|III|I—

Ill||

T

T

-Signa
s/b ~ 500/0 Irreducible bkg
[ ]Reducible bkg

T
ATLAS

IIIIlllllllllllllllllllllll

110 116 120 125 180 185 140 145 15C 110 115 120 125 130 135 140 145 150 B T T T R T Ty T N
M,, [GeV] M,, [GeV] M,, [GeV]
siVb ~ 2.6 (10 o' @ 14TeV) siVb ~ 1.8 sWb ~2.2
(Even purer in exclusive AP s/2 ~ 2-3) T . - T
100 | L POWHEG +HERWIG .
3.- Using discriminating characteristics POWHEG (g =pp=mmn)
MC@NLO

- The scalar nature of the Higgs (cos 0°)

- The system transverse momentum

Critical to have an accurate signal simulation

(no good control samples...)

* AP : All Associated production modes

101 NLO e
=
L4
&
.
o
B
=1 =] lu_g E
<
"‘E; II].H=120 GeV
o
1073 & large m, o,
H el
Mp=Hp=Ig 4
" M M i 1 M M " i 1 1 i M M
) 100 200 300 400




ATLAS-CONF-2011-005 i ]
CMS-HIG-10-003 Higgs Boson Search in the WW—l|vlv

ATLAS WW = evuv Candidate
}3\ EXPERIMENT Run167576 Event 120642801

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

i 'ﬁ'ﬁ! *




- Essentially no mass resolution, but...
- Large yield and rather small background

- 2 OS leptons (e,u), pt>20(15) GeV
- MET > 30 GeV
- A¢ll <1.3 (1.8) for M,;< 170 (> 170GeV/c?)

: 70:I I T II T I T HTI'LIA;éIPIrIe]l[rInInIaIr;I II LI II LI II LI I:l

. 8 F 4-Data  — HWW (m=170GeVT
Analysis strategy : gk EWses  top ]
G 60 W B Z/y+jets =

E 4 mmwZzzwy .

. . . 3 \s=7TeV E

ATLAS : Exclusive analyses in number of jets sk [Latmas’ 3
Event preselection : 0C | :

o 1 2 3 4 5 6 7 8 9 10
Jet multiplicity
A4

Need VBF topology but
small signal expected

Purest Channel(s)
(least affected by top
background)



- Essentially no mass resolution, but...
- Large yield and rather small background

S ob | ATLASrelnlnay T T T
Analysis strategy : £ E s o
- r +jets to) ]
nalysis s gy . & 60F e =ijsz B2y s E
c ¥ 3
_ . _ 3 \E=7TeV
ATLAS : Exclusive analyses in number of jets "3 det=3spb-‘ E
Event preselection : 0F | -
- 2 OS leptons (e,u), pr>20(15) GeV 20 _
- M, >15, IM,-M,| > 10 GeV (ee,un) 5
- MET > 30 GeV E
- 2 .
APl <1.3 (1.8) for M < 170 (> 170GeV/c?) e
Jet multiplicity
w LA NS RN BRI NI B
. . = ¢ CMSNs=7TeV,L =236pb' .
CMS : only O-jet analysis but also MVA £ oof T e S
- _WW .
Similar event preselection : 501~ e E
- 2 OS leptons (e,u), py>20GeV 4{}2— o _3
-M, >12 GeV . .
- MET > 20 GeV 30 E
- Projected MET 20:_ E
- Top (b-tag) veto C .
Publication of WW cross section and E

limit on triple gauge boson couplings 0 1 2 3 4

along with the search for the Higgs PLB 699 (2011) 25-47
boson...

AT

jets



Signal production process considered :

ATLAS : Signal considered is the production via gluon fusion + VBF considered

Uncertainty on signal event ( O-jet : 10% "
estimated by variation of ! 1-et: 6% T~ S
Mf’ Mra PDF, G.S 2 . ts - 350/ : W
in the NNLO+NNLL calculation | <7997

CMS : gluon fusion only (more straightforward interpretation in terms of SM4))

Use spin correations through A¢ cuts

Analysis Results iy v/
Sensitivity is optimized in each exclusive y W, ;W
analysis channels and for each mass .. R
hypothesis o Y e
(all preselection variables and my) .__/?' wo

mr = \/( E%(‘ + Ej}]iss)z _ (p(T(' + P!Piss )2 -



Signal production process considered :

ATLAS : Signal considered is the production via gluon fusion + VBF considered

Uncertainty on signal event ( O-jet: 10% v
estimated by variation of ! 1-et: 6% ™ e
Mf’ MI” PDF, (].S ) . o ¢ hHyA
in the NNLO+NNLL calculation | 2781:3%%

CMS : gluon fusion only (more straightforward interpretation in terms of SM4))

Use spin correations through A¢ cuts

'l_. - | | T T L] L] | T T L] T | T T ¥ ] | T T T L] I T
o = N ATLAS Preliminary
. — 5 =T TeVy —4— Data — H=WW (m =170 GeV)
Analysis Results 2 . . Cwees o
= fLm:saph W B 2 +jets
L B WEETAN

Sensitivity is optimized in each exclusive
analysis channels and for each mass
hypothesis

IIIlII* I IIIIIII|

10
(all preselection variables and my)

102

_ 44 miss\2 _ pff miss 2
mt = \/‘ET +Er™)" — (Pp + Pp™) 00 05 10 15 20 25

3.0
Ag, [rad]



Backgrounds Estimates in Control Regions

Main backgrounds are estimated in Control Regions (CRs), then extrapolated in the

Signal Region (SR) :

- WW background : From side bands in M,

- Top background : b-tagging CS
- W+jets background : Loose ID on second lepton

- Z+jets background : ABCD method in M, MET plane

S.R.

H—> WW

Top

C.R.(WW)

wWw

Top

W+jets

C.R.(Top)

W+jets

Top

(MC for CMS)

Entries / 60 GeV

10

1

10"

102

10°E

10°F—

0

B

Top_ N

C.R(WW)

Noio

C.R.(Top)
Top

<

C.R.(W +jets)

W+jets

N C.RAWW)
W +jets

= e—
lj W +jets C.R.(W +jets)

N W +jets

L I I B
ATLAS Preliminary
o Data [l Z- pp |

5 =7 TeV]
| Ldt = 35 pb™=
R &

600 800

1000 1200
M, [Ge

m, [GieV]

Because of the presence of top and W+jets backgrounds in the WW CR, CRs are interconnected.

Only one coefficient

used in the 2010
data analysis
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Entries / 10 GeV

Entries / 10 GeV
=)
[

107k

102E

0 100

T T 3
ATLAS Preliminary .

- Data

[ WH+ets
B ww

B WZrZZny

150

+

— H—-WW EmH=1 70 GeV)

Jtop
B Ziy+jets

Ns=7TeV
detzsspb"—E

200 250

10

Entries / 10 GeV

107k

| ATLAS Preliminary :

—4— Data

I W+ets
B ww

Bl WZZZWey

— H>WW (m =170 GeV) ]

Jtop
B 2y +jets

Ns=7TeV
detzsspb"—E

102k
100 150 200 250 300

10° | 'Alnl.Als IPlrleﬂ"'rrJlinlar;! o I—z
—e— Data —— H=WW(m =170 GeV) 3
[ WHjets [ Jtop ]
102 . W B Z/y+iets -
. WZ/ZZ/Wy E
NVs=7TeV 3
10 f Ldt = 35 pb '
L 1 3
| T
107 =

102

150

200 250 300

m, [GeV]

M- distributions and cut applied

0-Jets Channel : WW Dominant background

Data 3
BG 1.8+0.1
Higgs 1.26+0.02

80% WW

11% top

7% W+jets
2% WZ/ZZIWy

1-Jets Channel : top Dominant background

Data 1
BG 1.2+0.1
Higgs 0.6+0.01

42% top

32% WW

25% W+jets
1% WZ/ZZI\Wy

2-Jets Channel : WW and top sole backgrounds

Data

0

BG

0.02+0.01

Higgs

0.06+0.01

O(50%) top
O(50%) WW

VBF tag/veto
selections lead to
high s/b but of
course low
expected number
of events
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The CMS MVA approach

Having a cut based analysis and a boosted decision tree using the following variables :
M”, p_l_lmax’ p_l_lmin’ A(I)

§ ORI T o ORI ST
EJ] - » data 3 E - } * data .
<35 CIHI60 = WW i =& CaH(160) — WW ]
=290F  mww {1 = - WW .
—_— - | ANEE - 5] B 7 +jets 4
~ 3 WmiEw 94 3 i, W
@ - [ | %::ﬁ:?n . 1- | %i.' bp‘:ﬂ_m -
§2.5:— e = g +Hets E
M F . .

2:— . = ]
L5F ERER ! _
1 = K :
0.5F . 1
-2
0 50 100 150 10°77208 -06 -04 02 0 02 04 06
A q:u [degrees] BDT Output
my, = 160 GeV/c? Exp. Bkg. Exp. Sig. Data
Cut based 0.91 £ 0.05 .23 £ 0.02 0
BDT 092 +0.10 |.47 £ 0.02 0
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The ATLAS 95 % CL Exclusion limits using PCL

E+20‘

T lllllll

I IIIIII]

e =
-

g— ATLAS Prellmlnary | | | {3

- —e— Observed PCL Ldt=35pb 3

. Expected PCL Ns=7TeV -
- + 1o

—&— Observed ClLs
- - - Expected CLs

- Tevatron <L> = 5. 9 o' Tevatron -
= —=— Observed CLs 4 Excl -
- - - Expected CLs XC US'On :

120 130 140 150 160 170 180 190 200

my [GeV]

ATLAS excludes a 160 GeV/c? SM-like Higgs boson produced with a
cross section of 1.2 x that of the Standard Model !

Best sensitivity at 2.1 (for a 170 GeV/c? Higgs)
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e = T
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¢ - BR(H - WW — 212v) (pb

S

The CMS 95 % CL Exclusion limits using CL¢

| T T
CMS, Vs=7TeV,L_ =36 pb’!

B o, BR(H—> WW — 212v), SM

upper limit, observed
upper limit, expected * 1o
upper limit, expected + 26

Ly
LY
-
.
......................................

A‘i‘-v—

200 300 400 500

Higgs boson mass [GeV/c?]

J T T T | T I\!L T T T | T | T T T
CMS, Ns=7TeV,L = 36
m
upper limit, Observed
B o, ., BRH—>WW—212v),8M
SRS 0y Ly BR(H = WW — 212v), SM4

upper limit, Expected = 1o

upper limit, Expected + 2o

% | — | 1

| T T
pb'

120 140 160

180 200 220 240

Higgs boson mass [GeV/c?]

CMS excluded around 2 x SM cross section at 160 GeV/c?

SM4 exclusion of 144-207 GeV/c?2at 95% CL

Best sensitivity at 2.1 (for a 160 GeV/c? Higgs)
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Higgs Boson Search in the ZZ—4-leptons

Four isolated muons
Pl =481 GeV

Pl = 43.4 GeV |
T Mz, = 92.24 GeV
Pr' =196 GeV My, = 201 GeV

CMS Experiment at LHC, CERN
Data recorded: Fri Sep 24 02:29:58 2010 CEST
Run/Event: 146511 / 504867308

29/71



ATLAS-CONF-2011-048

- Extremely clean channel (and quite robust against pile-up)
- The low Z leptonic branchings penalize its event yield
- Relative mass resoution almost as good as the two-photon channel

Selection :

- two pairs of opposite sign and same flavor leptons (e,u), p:>20 GeV

- Requirement on the di-lepton pair masses
- AR between leptons > 0.1
- No significant impact parameter

After kinematic cuts on di-leptons only

IIIIIIIIIIII'lIIII|IIII|III'I|IIII|IIII|II'II|III

Data 0
BG 04

LI

Higgs | 0.10+0.02

H—ZZ -l
| Ldt =40 pb”, Vs= 7 TeV
ATLAS Preliminary

Events/(100 GeV)

TTT II|1II|
| IIIIIIII

Background dominated by ZZ

10"
(M,, used as discriminating
variable with a specific statistical
treatment given the complete
absence of events) 30/71

102

100 150 200 250 300 350 400 450 500 550 600
M, (GeV)



Background estimate based on the Z— Il production rate (partially data driven)

Data
Nyy = 07,765PLx | —4_— | = NMC xR
A LLC 7 [GZE?pL ZZ
=407 T T T ]
S 400} 7 Eupecied HoZZ sl 5
400 | 0 xpecle E
s F == 5
= 350 —— Observed CLs —
E [~ Expected CLs .
j 300t —
G 2505_ ATLAS Preliminary E
32 : [Ldt=40 pb”,\s=7TeV .
& 200 =
150 =
100}~ =
L N T T
Q00 200 300 200 500 600
my, [GeV]

Exclusion at around 25 x SM... Not yet very sensitive!
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The High Mass Higgs Channels
H—WW—lvqq and H—=ZZ—llqq and llvv Channels

Taking advantage of the lower Z,W+jets at high mass and larger branching fraction
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ATLAS-CONF-2011-052

Higgs Boson Search in the WW—lvqq

- The lower W+ijets background at high mass allows for one non-leptonic W decay

- Relative mass resolution almost as good as the two-photon channel (M,

mass reconstructed using the M,, = M, constraint)

- The main backgrounds are from W,Z+jets and top

Backgrounds are estimated from the side-bands in an

exponential fit (shape well coroborated by MC studies)

0-jet sub-channel

L [lai-sspo’  ATLAS Preliminary ]
8100__\1"_‘3=?T Vv igiabi:scns __
o B top u
o - F WiZ+jets T
» 80 Multi-jet —
© i [ signal (x30) ]
:é | m,, = 400 GeV/ic? |
w 60 + + o
i + H + 0] Search ]

40[ # .
20 ty .

i + 12t . )

q) 100 200 300 400 500 600 700 800

My [GeV/c?]

Entries / 20 GeV/c?

Event selection :
- 1 leptons (e,u), pt>30 GeV

- MET > 30 GeV
- Two or three jets p;>30 GeV
- b-tag veto
1-jet sub-channel
45i""'""""'"'A"""""'-"'-""'—
E L dt =35 pb”’ TLAS Preliminary3

40 - s =7 Te

25}
20
15}
10
5F

Il Dibosons
- top
35 WiZ+jets
Z Multi-jet
30F + [ signal (x30)

v, ® Data

m,, = 400 GeV/c?

+ H + 1] Search

IIIIIIIIIIIlIIII|IIII|IIII|IIIII.IIII|II

Ba
——

Fe-
111

P I e i |

-I.lllllll—l—ll—ll—llI 11 (] 14
q) 100 200 300 400 500 600 700 800

My [GeV/c?]
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- Results after all selection cuts

Dominating background W/Z+jets estimated in the data from
a fit to the MET distribution

- 95% CL result using the PCL and CLs prescriptions

—
o
o

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

|II|IIII|III||IIrI|II|I|I|II|IIII||III|

T

= ATLAS Preliminary
B I:l =20
—@— QObserved PCL \J§=7 TeV

--Mk- Expected Cls

TIIIIIIl

- —&— Observed CLs 1
| e SM4 Prediction (ggH only) fL dt=35 pb
L 1

250 300 350 400 450 500 550 600

M, [GeV]

Large differences observed due to the proximity of the -1o

background fluctuation limit

Data 713
BG 674 +46
Higgs | 02.1+0.7
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ATLAS-CONF-2011-026

Higgs Boson Search in the ZZ—llgq and llvv Final States

- The lower Z+jets background at high mass allows for one non-leptonic Z decay
or one Z—vv decay

- Good mass resolution in the llgq channel using the Z mass constraint (spoilt
by the Higgs natural width at high masses) but enough to define side bands

Also for the neutrinos channel :  m7 = | Jm +15R + Jmd + 1| =[5+ ps
. - 2 leptons (e,u), pt>30 GeV
Common preselection :
P - 76 < M, < 106 GeV/c?
> TATLAS Prelimina Tl g 10y
& 10°k H— llaq Yoo dﬂ‘ﬂILd‘=35Pb ~ e 105E ATLAS Preliminary . dataILdt—SSpb" ;
o - electron channel Joral MC 5 Jof H— eevv TutaI MC
2 | =2 jets o 1 o — Signal (M,=400 Ge
% 1025 ’ +;J= l?m?ltuet g % 103 OtherBGMﬁ;
- F — Signal {m =400 GEVJ g 2 s 3
w :,J_ l W o 10 JPPRpeet ]
10¢ E 10 +
i .I _é
) ﬁ - 10" e
L gl 102 <
10 ! _'_J l_J B I PO ST N TR W | |-
60 70 80 90 100 110 120 130 140 150 10 55 3
m,, [GeV] Ag [rad]
Largely dominant background is Another story for the Zvv channel...  39/71

Z+jets in the llgq channel



Events / 12.5 GeV

Events / 25 GeV

40 ATLAS Preliminary e _[I- s 4 B 4o ATLAS Preliminary L e IIL wss e 3
: H - llag {m, =200 GeV) B i 0 ] g 2 H - ligg (m, =300 GeV) B Sigrai = 10 3 . .
3sf bR IR 3 B Sl 1 llgq selection:
= — 7 - A — — 2 —
SOF . 1 3 %% 4 E - 70 < M; < 105 GeV/c?
25;- —— Diiboson -; E 25:- —— Dipason _; 2
152_ _ 15:_ _z - MET (veto) < 50 GeV
10F . 10F = - Jets pr>50 GeV
= == 1 E H AR s S ™ W 3 ’
0™"306 200 300 400 500 600 700 800 900 0™"300 200 300 400 500 600 700 800 900
m, [GeV] m, [GeV]
4F ATLAS Preliminary ' ';J.;_'['_'J;..'J;LL: E I Bg ATLAS Preliminary L IIL A
2 5_ H - llgg {m, =400 GeV) B g 0 E g }":— H— ligg {m =500 GeV) B S 10 =
“E — Towl BE 3 L S:_ — Total BG 3
aF z 1 = 3 z 3
- — 1 E 'E B — =
2.5 :_ Dioosan 3 g g Dipason g
of s 4 ¢ 4 E
1.5F 3 E
£ T 3 2 E
0.5F . 1 E
S B B e It i e SR 1
0™"406 200 300 400 500 600 700 800 900 0300 200 300 400 500 600 700 800 900
my  [GeV] m, [GeV]
llgq Channel : - Dominant Z+jets background estimated in M;; control region (40,70)

- Estimated with MC and normalization checks from side-bands in M,
- Di-boson from MC

- Multijet template derived from data using anti-ID cut
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Events / 30 GeV

Events / 30 GeV

—
E ATLAS Preliminary
E H - Ilvw (m,_=200 GeV)

[ T N ) I = B |
TITTTT[TTTTTTrT[TrTT T

o data | Ledt=35pi'
B Signal <10 ]
— Tatal BG

Fil

1]
Diboson

m; [GeV]

pr T T
4F ATLAS Praliminary o data | Ldi=35pi' 3
= H - I l,'lT1|_=4-C'D GeV) M Signal <10 E
3.5F — Total BG E
£ £ 3

35 — 1 E
2 BF Diboson =
2F .
15F
13 E
0.5F 3

%700 200 300 400

llgq Channel :

llvvy Channel :

500 SDI'.'I' ?DO BGD 900
m, [GeV]

Events / 30 GeV

Events / 30 GeV

M [ ] ey n CI'J
I

ATLAS Prehmmary
H = v [rn =300 GaeV)

LR IARAL

o data | L¢=35pb 7

I Signal <10

— Tolal BG
z

1t
Diboson

IlIIIII.IIIlIIIIIIIJ|IIIIIIJII

DD 10[] 200 30[]!-40[] 500 EnCID ?OD BDG 900
my [GeV]

"""""""""" RS BT LA AR
5_— ATLAS Prehmmary » data | Ldi=35pt'J

I H-—» Iy [rn =500 GaV) B Signal <10 3
5'_ — Tolal BG 4

; z ]

- — ll -
4:_ Dibason e
3F e §
2t ]
1 3

b Bt e— ]
DO 100 200 30[]' 400 500 600 700 800 900

my [GeV]

llgq selection :
- My; > 360 GeV/c?

- MET (veto) < 50 GeV
- Jets p:>50 GeV

-Ad A < /2

llvv selection :
- b-jet veto

- MET > 66-82 GeV (dep. H mass)

- Ap | < 2.25-2.64 (dep. H mass)

- Dominant Z+jets background estimated in ij control region (40,70)

- Estimated with MC and normalization checks from side-bands in M,
- Di-boson from MC

- Multijet template derived from data using anti-ID cut

- Di-boson background estimated from MC (with uncertainty of ~15%)

- top from Monte Carlo with normalization checks in the data

- Multijet similar to llqq
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95% C.L. limit on G!'GSM

H—ZZ—llqq 95% CL PCL limit

H—ZZ—llvv 95% CL PCL limit

1607 ] ch.160—""""""'"""""'"""""""""—
- ATLAS Preliminary § % 140: ATLAS Preliminary .
1401~ —e— Observed (PCL) - __ ]
A Expocted (POL) 24190 1 & F ——Observed (PCL) 4 77 10 ]
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o - ATLAS Preliminary ;

5 140 -
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= 1201 ----- Expected (PCL) ]

E . B : 1o .
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Combination of the two ek E

channels, limit at ~10 times & : ]

the SM cross section 601 E

40— -
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200 250 300 350 400 450 500 550 600 38/71
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Systematic Uncertainties Review
The ATLAS case (CMS similar studies)

- Most backgrounds are estimated in the data in control samples (straightforward systematics)

- Most signal related systematic uncertainties are correlated among channels and arise from

object reconstruction (electrons, photons, muons, jets, MET and b-tagging)
WW —lgg

ey
L

electron/+ efficiency oo
electron/+y energy scale -
electron/+y resolution +13%
muon efficiency -
muon energy scale -
muon resolution -
JES signal -
JES background

JET resclution signal -
JET resolution bked.

b tag efficiency -

b mistag rate -
MET resclution -
MET tails
Luminesity - =ig.
Luminosity - bkg. -
Signal in gg—H 30
Signal in VBF -

+11%

0 jet
+{6 — 16)%
=(1-3)%
+20%
+(0.4-1.2)%
< =3.5%
= =10%
= =10%

+14%
+20%
+11%

LA
e

WW—
1 jet
+(6 — 16)%
=(1-3)%
+20%
(0.4 — 1.2)%
< =3.5%
< +10%
< +10%

+14%
+10 - 12%
+26%
+20%
+11%

S
15 /L

2 jet Djet
+(6—16)%  +5.4%
+(1 — 3)% -

+20% i - - (0.2 — 0.4)%
(04— 1.2)%  +04% +04% £(0.5 - 1)% +2%
< +3.5% - - =1% +1%
< +10% - - + few% -
< £10%  +26%° +26%" - (5 — 12)%
+14% - - =(5 - 12)%
+10 — 12% - - -
+26% - - -
+20% - - -
+11% +11%  £11% +11% =11%
- - - - +11%
S
Ty D T - -

1 jet
+5.4%

1111 ligq

=4.6%
+{1 - 3%

+2.5%
=1%

e

=4.6%
+(1-3)%
+(0.2 - 0.4)%
+=2%
+=1%
=10 — 12%
+26%
+20%
+11%
+11%
1%

*Per event efficiencies

This slide unfortunately does not do justice to the work necessary to derive each figure...

An immense amount of work has been devoted to study in detail
each of these systematics, in the combined performance groups
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Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !
- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)

§5% CL Limit"SM

: T 'I L r L L L] 'I | L T 1 17 r | I | '| | R I T 0 T 1 [ 1 ° I_
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- =

- . LHC High Mass
3 ]

[~ ] llvv,gq Comb. E
21— ] Ilvv,qq Comb. O
1: . 4] Expected

- b 41 Observed
u_ L J I —— I. B [ — J I — — J I — — I. | N ——| J { N — - I I — — I. Ll __L

130 140 150 160 170 180 190 200 210
M,, [GeV/c?] 40/71



Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !

- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)
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Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !
- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)

¥

1'||||rrrrr '|111I ||rrrrr 1'|111I ||rrrr 11'|11II

0

§5% CL Limit"SM

45;_ __. 11 - 7
- 1  TeVatron "High Mass
40 ]
- 4  =eee- TeVatron Expected
35— =
= - — TeVatron Observed
30 —
251 — LHC High Mass
20F =
= - Ivv,qq Comb. E
15E E Ivv,qq Comb. O
10 E_ —5 4l Expected
SE = 41 Observed
: : L 'l J- .l-.l | I-.[ :
0 110 120 130 140 150 160 170 180 190 200

M,, [GeV/c?] 42/71



Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !
- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)
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Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !
- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)

§5% CL Limit"SM
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Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !

- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)

§5% CL Limit"SM

50

40

30

20

10

L '|1111 |||rrrrr1'|111| ||rr[rr11'|11|| |rrrrr 11]

I‘_':l‘_“t-_-.l....l_

coa g e LT

'I'Il_l]_lllllllllllllllr_'

L
LI

|

JI.I.I.I.LI.I.J]JJJJJI.LI.I.I.I.I.JJJJJJJ'.LI.I.I.'.I. i

PEIEI = 150 200 250 300 350 400 450 500 550 600

M,, [GeV/c?]

TeVatron “High Mass”

----- TeVatron Expected
— TeVatron Observed

LHC High Mass

llvv,gq Comb. E
llvv,gq Comb. O

4] Expected
4] Observed

45/71



Standard Model Higgs Search in 2010 Data Summary

New Window on Higgs Searches !

- Backgrounds mostly estimated in the data !
- Large effort made to understand and control signal related systematic uncertainties.

- Novel statistical interpretation of our result (yielding less conservative limits)

§5% CL Limit"SM
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Fresh and Hot out of the Oven !

(Since just a few hours ago)

E - - T r T - r T r T |_
g“ . ATLAS Preliminary N
5 2k detHBE- pb,\s=7 TeV _
= - - . ]
D = * =" I.l}l'f
EE = f
8 1OF E
B PCL limits ]
1 T T T T T T T T T T T T T T T T T T o L L L LTI :
— Expected  Dbsersed Expemciod Obasroesd -
[~ e —*— H =====- —— H—= £Z— il ]
. =Essss + Hes ¥ — ke s —_— H—= f£f—s ":f: ]
i —i— He WY - v | . — T PP L T Lk PR BEPR
100 200 300 400 500 600

m,, [GeV]

- The combination will not improve greatly results in the intermediate mass range

(110-200 GeV/c?) but promising in the high mass range.

- Getting very close to excluding SM Higgs boson mass hypotheses.
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Fresh and Hot out of the Oven !

(Since just a few hours ago)

T

a ATLAS Preliminary

- 10 _

m

x

© W @ == W W ATTES =

il |~|1..'Iﬁ

N
=
o
|2
o
&
[l
2
a
/

————- —a— Hewpy W=7 TeV =
B —— H— WW () det-—.-EE. pl]-1 n
1072 y —&— H— WW (haq) =
- w77 Limits PCL95% CL =
1 D'j i i i i \T | i i i i i i | T ——— -
100 200 300 400 200 600
m,, [GeV]

- The combination will not improve greatly results in the intermediate mass range
(110-200 GeV/c?) but promising in the high mass range.

- Getting very close to excluding SM Higgs boson mass hypotheses. 48/71



Fresh and Hot out of the Oven !

(Since just a few hours ago)
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- The combination will not improve greatly results in the intermediate mass range
(110-200 GeV/c?) but promising in the high mass range.

- Getting very close to excluding SM Higgs boson mass hypotheses. 49/71



Fresh and Hot out of the Oven !

(Since just a few hours ago)
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- The combination will not improve greatly results in the intermediate mass range
(110-200 GeV/c?) but promising in the high mass range.

- Getting very close to excluding SM Higgs boson mass hypotheses. 50/71



The Tt MSSM Higgs Boson Search

New hopes for an inclusive analysis even in SM...

A New Mass Reconstruction Technique for Resonances

Decaying to 77 arXiv:1012.4684

A Elagin®, P.Murat®, A.Pranko®, A.Safonov®

3 E'"l""l""l""l""I""l"'
g 900 H-r, lep-had channel, M,=115 GeVic?
> 800F- — Missing Mass Calculatcr
g - ==+==== Collinear Approximation
-_§ 700:—
<< 600F- .
- Elagin, Murat,
500
N Pranko, Safonov
300E- arXiv: 1012.4686
200F ;
100E- '
= o
0:1 .bu’"lJll Ll ?‘Pf":"'f‘ﬁ- Spugidens
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The Tt MSSM Higgs Boson Search

New hopes for an inclusive analysis even in SM...

A New Mass Reconstruction Technique for Resonances
Decaying to 77

A Elagin®, P.Murat®, A.Pranko®, A.Safonov®

... for the time being similar technique used only by CMS ...

iy .. ATLAS Mass reconstruction uses collinear approximation...
H ER— Relying on the transverse missing energy resolution, to
N P miss reach a reconstructed mass resolution of 8-10 GeV/c?
Ny (depends also on pile-up)
RS
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ATLAS-CONF-2011-024

CMS-RIG-10-002 - MSSM Higgs Boson Search in the Tt Channel

Signal produced
mainly in gluon fusion
and b(b)H

Search performed in the T,,4€,u channels

Main background Z decays into t*1
ATLAS Event selection :

PI(H) = 18 GeV ’“\ |
ey 2 7€ A LAS - 1 tau and 1 leptons (e,u), opp. sign
my;s (uvTh) = 47 GeV

e (lTp) = 47 Ge 1 - MET > 20 GeV
RS D Ef(ffkt'\”{E N, My <30 GV
Z — TT 7 My = \/Zpe’{#EmiSS(l — cos Ag)
Candidate in 7 TeV Collisions’, : :
Results :
A (m, = 120 GeV/c? and tan § = 40)
Data 206
BG 207 £+ 6
Higgs 52 + 1
3-prong hadronic ///// : Z baCkgrOund ~50%
tau decay /



Data driven background estimates

- Z to Tt~ mass shape from embedding taus in Z to u*u- events

ATLAS Preliminary

ots event (,data”)

A &

J}:L e Z 7 MC

0.12 —e— Embedded Z — uu
0.08
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- Tau decays from Tauola and
ATLAS simulation

- Normalization from MC

- W+jets and QCD backgrounds
- M, shape determined from the SS events
-Normalization from control region OS/SS (low MET for QCD and large M, for W+jets)



Data driven background estimates

- Z to Tt~ mass shape from embedding taus in Z to u*u- events
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- Tau decays from Tauola and
ATLAS simulation

- Normalization from MC

- W+jets and QCD backgrounds
- M, shape determined from the SS events
-Normalization from control region OS/SS (low MET for QCD and large M, for W+jets)



Data driven background estimates

- Z to Tt~ mass shape from embedding taus in Z to u*u- events

hvbrid Z h + iet ¢ £ 0.18
ybrid Z-»TT—eh + jets even ATLAS Preliminary
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- Tau decays from Tauola and
ATLAS simulation

- Normalization from MC

- W+jets and QCD backgrounds
- M, shape determined from the SS events

-Normalization from control region OS/SS (low MET for QCD and large M, for W+jets)



120—11IIIIIIIIIIIIIIIIIIIIIIIIIII—
- ky+jets e+t channels —— asa 1 ATLAS uses the lepton-tau-hadron channels only
B A(120¥Hh- T, tanp-40
100‘ ATLAS Prelimi I boA(120MHh-1T, tang-40 7]
B relimina T Z(-tr)+Jets(0S-SS) .
- Y e CMS also uses the di-lepton channel...
5] W+ets AddOn
Same Sign
/77 syst.

... implications at low mass
\s=7TeV, j L=36pb’

60 - - . .
- ' (CMS similar selection variables)
40 -
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Using M

Vis

T+t as a discriminating variable for ATLAS and a likelihood based mass for

CMS, derive 95% CL limits with PCL prescription for ATLAS and using Bayesian
methods for CMS

tanp

mh ’ M>0 N
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TeVatron limits superseded over a vast mass domain
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ATLAS-CONF-2011-051 .
Charged Higgs Searches
CMS-PAS-HIG-11-002

. In both cases search for H*—tv (assumed to be 1 here)

Lf”@ accompanied by a W to Iv or jj
)
)
e
g';f 0000t ATLAS : Only data driven background studies in both topologies
S . . | .
gl S CMS : Following the top cross section measurement in the |+jets
channel, first limits on Br(t—=bH*) in the tvlv topology
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CMS-PAS-HIG-11-001
Doubly Charged Higgs

- extending Standard Model adding scalar triplet (motivated by Seesaw mechanism for neutrino
masses). Leads to a doubly charged Higgs H*=.

q I
- Use di-lepton H** decay topologies in four or three leptons. s, O ,<|+
- Look for SS di-lepton resonances. ¢ .<&
.. . . . I,
- Limits set in various benchmark scenarios. e -
L. - Excluded by Tevatron or LEP|
2 10 CMS Preliminary 2010 CMS Preliminary 2010 ¢ cms=7 Tov [L=a6 pb’
O "F Vs=7Tev L=36pb’ .EWK
- - BR(®*->u't*) = 100% BR(1»"® e*e*)=100%
z 1 .mjm
. BR(4M® e'n*)=100%

. ¢ @ 110 Ge\
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BR(®® 1'%)=100%

102
BP1: normal hierarchy +
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10°
BP3: degenerate masses *
BP4: equal branchings | | | + | |
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' ' Limits comparable or better
= @ n . . 60/71
than previous experiments

Normal Hierarchy / Inverse Hierarchy / Degenerate State



ATLAS-CONF-2011-020
Search for a light CP-odd Higgs boson in the u*u- Final State
- NMSSM : additional singlet complex field leads to 1 additional CP-even and one CP-odd Higgs

In the low mass region (below 2m,) lightest CP-even Higgs evades LEP limits this mass region is
referred to as ideal Higgs scenario.

Search performed in the [6-9] and [11-12] mass range . :

(avoiding Y resonances 1S, 2S and 3S due to uncertainties on :

their production rates). .
L

Simple selection of two isolated muons p;> 4 GeV a1 = cosBpapyssy + sinbag

e e
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ATLAS-CONF-2011-020
Search for a light CP-odd Higgs boson in the u*u- Final State

- NMSSM : additional singlet complex field leads to 1 additional CP-even and one CP-odd Higgs

In the low mass region (below 2m,) lightest CP-even Higgs evades LEP limits this mass region is
referred to as ideal Higgs scenario.

: w
Search performed in the [6-9] and [11-12] mass range .
(avoiding Y resonances 1S, 2S and 3S due to uncertainties on '
their production rates). .
L
Simple selection of two isolated muons p;> 4 GeV a1 = cosBpapyssy + sinbaas
ATLAS Preliminary -1 = 1600 reliminary I _ 1
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s [ i o8 —— Observedlimit
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muu e
Constraints on regions with high tan § and small CP-Odd mixing angle cos 6, ~ 1




Conclusions

With ~40 pb-! of data :
- ATLAS and CMS have measured many possible SM production rates

- ATLAS and CMS have performed searches for the Higgs boson with
sensitivities either close or even better than those of TeVatron. In the
same channels.

- All the searches were performed with simple analyses™.

- Backgrounds were in most cases systematically studied in data control
samples.

- The search in the complete allowed SM Higgs mass domain has
started!

63/71
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Peak Luminosity [10 *° cm2 s°1]

What’s next ?

Currently injecting ~1000 bunches at 50 ns...

[ T T T | T T T | T T ]
1400~ ATLAS Online Luminosity \s=7TeV .
1900 - [ JLHC F}elivered ) B
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Integrated Luminosity [pb ~Yday]

What’s next ?

Currently injecting ~1000 bunches at 50 ns...
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Total Integrated Luminosity [pb

What's next ?

Currently injecting ~1000 bunches at 50 ns...

[ T T T | T T | T T ]
~  ATLAS Online Luminosity \s=7TeV ]
500 :_ LHC Delivered _:
B ATLAS Recorded _
400—
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300— N
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Hope to reach 5 1033 cm-s-'in the coming months...

Peak Luminosity above
1033 cm2s""

Daily integrated
luminosity ~10 pb*

Have already gathered
in 2011 ~400 pb-"
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Back to prospects (CMS this time)

10 o i e -----------f---------—1fh"@?r'l‘e¥' .
— CMS Preliminary: Oct 2010 —2m'@7Tev ]
| Projected 95% CL Limit ono/og, 27 @87V

<= 5fb"' @ 8 TeV

95% CL Limit on o/og,

LEP

-
Q

200 300 400 500
Higgs mass, m_ [GeV/c?]
Wide exclusion range expected very soon
(and 5 fb-! for the full mass range)
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Back to prospects (CMS this time)

—
o

- CMS Preliminary: Oct 2010 —11b'@7 Tev _
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Wide exclusion range expected very soon
(and 5 fb-! for the full mass range)

Observation possible over most of the mass range with 5 fb-1 68/71



In 2011 LHC is offering great analysis opportunities and challenges...
.. Not the least of them : Pile-up
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Backup Slide
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The ATLAS and CMS Detectors Synopsis

Sub System ATLAS
&
Design
Magnet(s) Solenoid (within EM Calo) 2T Solenoid 3.8T

3 Air-core Toroids

Calorimeters Inside

Inner Tracking

Pixels, Si-strips, TRT
PID w/ TRT and dE/dx

Opr /T ~ 5% 10~ *pr G 0.01

Pixels and Si-strips
PID w/ dE/dx

opy /T ~ 1.5 X 10~ 4p7 @ 0.005

EM Calorimeter

Lead-Larg Sampling
w/ longitudinal segmentation
og/E ~ 10%/vE & 0.007

Lead-Tungstate Crys. Homogeneous
w/o longitudinal segmentation

og/E ~ 3%/VE & 0.5%

Hadronic Calorimeter

Fe-Scint. & Cu-Larg (fwd) z 11X
ocu/E ~ 50%/vE & 0.03

Brass-scint. z 7Ao & Tail Catcher

op/E ~ 100%/vE & 0.05

Muon Spectrometer System
Acc. ATLAS 2.7 & CMS 2.4

Instrumented Air Core (std. alone)
opr /PT ~4 % (at 50 GeV)
~11% (at1TeV)

Instrumented Iron return yoke
opp /PT ~ 1% (at 50 GeV)
~ 10% (at1TeV) 71/71




