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CMS

By the end of 2011:
LHC: L~ 1 fb
TeVatron: L~10 fb-!
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LHC and TeVatron

For m such that H>WW,
H->ZZ channels open up,

LHC can compete with
TeVatron with 1 fb-'

(g9 enhances the signal,
whereas the irreducible
backgrounds come from qq)

For low m, values,
LHC S/N ratio is not

competitive wk,

(g9g favours tt, W+bb, Z+bb |

backgrounds;
also gg=>H->yy rate is
larger, but the QCD yy
background is huge)
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Compact Muor

Projecting to 7 TeV

 The following results have been produced by performing a projection from 14 TeV to 7
TeV

7 TeV
— event yields for signal and background at 14 TeV have been re-scaled by the ratio o )

— and projected for an integrated lumi of L=1 fb! o(14 TeV)

* No correction for higher acceptance of the detector has been applied
— at 7 TeV, particles are less forward-boosted than at 14 TeV

— the acceptance can be up to 20% higher

 The improvements of detector simulation and of reconstruction performances have not
been taken into account

* Rescaling of systematic errors:

— those evaluated from control samples scaleas 1/v N
— some uncertainties (e.g. the theoretical ones) have been used without changes

— other ones have been inflated to account for smaller datasets

e Statistical analysis:
— based on re-scaled event counts and on re-evaluated systematic errors
— Modified Frequentist method has been used for exclusion studies (95% C.L.)
— Profile Likelihood method applied to significance calculations



Signature:
— 2 high-p; isolated leptons
— MET
— no central jets

Because of MET, no m peak can
be looked for
— one has to use counting experiments...
— ...and the transverse mass:
My = \/(Er(il) + Er(vv))? = (pr(l) + pr(vv))?
Backgrounds:
— WW, Wt, tt, WZ, ZZ, Drell-Yan, ...

14 TeV results:

o 3 s e e e s e L e
3 CMS PrellimilnaryI - Channel 510'[CMS Preliminary | -
-~ C ignal. m = o np Channel f F v e Signal, m =160 GeV/
— WW - cut on Ad,, the angle between -2103;é3gie.';,tw'6°6 Y 2 [Lai-1p ggbdetsﬁv
the 2 isolated leptons in the transverse § =g 210t T E
 HE Drell-Yan F I Drell-Yan
plane (larger for WW than for signal) 107L 102; e*e’ Channel
— DY, WZ,ZZ - m,,(ll) peaks around m, . i
for di-lepton pairs e, 0F
— reject events with central jets, to fight 1 1—
against tt i

|
-1 "
100 20 40 60 80 100 120 140 160 180 1010 20 40 60 80 100 120 140 160 180 200
1 m; [GeV/c?]



H - WW® 92120

CMS Preliminary Projectionfor \s=7TeV,L=1fb '

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010 7
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Exclusion range: Sensitivity for claiming a discovery
150 < mu < 185 GeV (~5 0) is expected to be reached in
" the mass range 160 < m, <170 GeV
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CMS

H — 727%) 4]

 The ‘golden channel’:

— 2 pairs of opposite-charge, same-flavour, high-p;
isolated leptons (4e, 4, 2e2p)

— if correctly matched, lepton pairs reconstruct 2 Z’s:
m,,(I) =m,

* Backgrounds: Reducible T
— ZZ (‘irreducible’), Zbb, tt, W/Z + jets, QCD backgrounds
— ZZ: the main discriminating variable is m(4l)

— Zbb, tt have at least 2 jets (from b-decays) in the
final state = isolation cuts are very powerful

— Zbb, tt: leptons from b-decays do not point to the —
primary vertex = cuts on the impact parameter tt
significance of leptons




CMS

H — 727%) 4]

CMS Preliminary: projection for 7 TeV, 1 fb Mar 17 2010

Ho ZZ [de, 4y, 2e2u]

Exclusion is out of reach
across the whole my, range.

SM

—— 95% CL exclusion: mean
95% CL exclusion: 68% band

95% CL exclusion: 95% band
- 95% CL'echuslion: mean (no' sys)

200 400 600
Higgs mass, m y [GeVic?Y

Should a fourth generation of quarks exist,
the Higgs boson could be excluded in the range m, < ~420 GeV



H — 7y

CMS Preliminary: projection for 7 TeV, 1 fb Mar 17 2010 100 - S —
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e Exclusion is not possible
wTT Features of the analysis: at 7 TeV with L=1 fb-"
— T * two isolated photons required
backgrounds * looking for a yy mass peak A fermiophobic Higgs might
e et o PaCKGTOUNG, be excluded if m,; < 110 GeV
“ M (because o,; x BR > 4 times the
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Combination of channels

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

Hyy + HWW + HZZ
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By combining the results for the three channels shown before, one gets:

Expected exclusion range for the SM Higgs: 145 < m, < 190 GeV
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CMS Preliminary: projection for 7 TeV, 1 fb

bb®, ® > 11 [1,T,14 TeThagr TuTel
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MSSM: pp—=bb® —=Dbbrtr™

Mar 22 2010

, max, u=+200 GeV
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-_Excluded by LEP ' dcoiing 506 gisgovgry ' ' '
100 200 300 400 500

Features of the analysis:

« isolated pairs of (Tu> 7o), (Thads Te)s (Thad, Tu)
« if MET, look at 1 tagged b-jet and veto other jets

* collinear approximation used to calculate TT mass
(V's collinear to 1's)

* events counted in a sliding m,, window

» data-driven estimation of the main backgrounds:
tt, Zbb, Zcc

8/6/2010
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m, [GeV/c?]

At m,~90 GeV,

discovery possible for tan(3)>20,
exclusion for tan(f)~15
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Validation from 7 TeV data

CMS: Integrated Luminosity 2010

a
c
-

18 —| —— Dpelivered 18.76 nb"™ h

16 Until May 26th

Recorded 17.09 nb™’

14

12

10

8

6

4

2

III|IlllIII|III|lllllllllllllllllllllll

b — ! { ] ] ] ] | ] ] ] ] | ] ] 1 ]

30/09 10:10 10/04 '14:'54 21/04 19:38 03/0500:22 14/0505:05 25/0509:49
Date




Validation at 7 TeV: tracking, b-tagging

CMS Preliminary 2010
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Selection for the p; distribution: Significance of the signed 3D impact parameter
e one Primary Vertex with > 3 tracks for all tracks selected for b-tagging, for jets with
e |dz| <15 cm, |dxy| <2 cm pr>40GeVand |n| < 1.5

e beam-induced backgrounds rejected
e p; > 0.5 GeV/c

Good agreement between data and MC
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Validation at 7 TeV: secondary vertices

CMS Preliminary 2010 CMS Preliminary 2010
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Left. track multiplicity of reconstructed secondary vertices
Right: average track multiplicity as a function of jet p;

Both plots refer to jets with p; > 10 GeV and |n| < 2.4
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CMS
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Validation at 7 TeV: Jets, MET
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Also these two key points for Higgs physics show
an overall good agreement between data and MC
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Validation at 7 TeV:
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A binned likelihood fit of a Gaussian function
and a constant has been performed in the
mass range 1.5 < M(ee) < 4.5 GeV

Jjb —ee, J/b — up

J/ — pp

—— T 1T I T
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S Signal events: 1230 + 47 % int 7
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Extended ML fits are performed with an

exponential for the background and a

crystal ball function for the signal
(to account for radiative tails)



W' — pv M distribution
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70 signal events in the plot, 57 of them with M, > 50 GeV
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Thefirst Z — ee , Z — up events
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%’ s CMS Preliminary 2010 ) 4 Data = > 1 L =16nb'\Vs=7TeV
B 1oL Vs=7TeVL, =0.0166 pb Wwoes | 9 TF —d—— >
g § [ aco &y + Jets E ‘:(; - Eév—ilu MV :
g 1 E = % i Bacb ]
a 1 g0 =d E
GC) 10" E E ; é
o .F - i ]

-2 E —
10°F s 10% E
103 . i :
10 | : 107
0_ 20 40 60 80 100 120 140 160 180 200 d 20 40 60 80 100120 140160 180 %00
M, [GeV/c?] m, , (GeV/c?)
e Number of observed Z->ee candidates: 5 Muon selection: ID, isolation, p;>20 GeV

e Both electrons are required to pass a loose
cut-based electron Id and isolation selection
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CMS Experiment at LHC, CERN W E—

Run 135149, Event 125426133 E—
Lumi section: 1345 /

" | sun May 09 2010, 05:24:09
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CMS

Conclusions

* The expected exclusion limits and discovery sensitivity for Higgs

searches have been evaluated in the 7 TeV, 1 fb! scenario
— Exclusion range for SM Higgs is 140 < m, < 200 GeV
— Discovery range for SM Higgs is 160 <m, <170 GeV
— For MSSM Higgs and low m, values, exclusion range down to tan(p)~15 ...
— ... discovery down to tan(B)~20

Several key points of these Higgs analyses are being validated
with 7 TeV data
— b-tagging, alignment, jets, MET, energy and momentum calibration...
— SM is being rediscovered: resonances like %, K, J/\ have been measured
— some W, Z candidates have been observed
— excellent overall agreement between CMS simulation and data

Looking forward to having more data for Higgs searches!
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Combination: “2 x CMS”

2xCMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

Hyy + HWW + HZZ

I = OgsepcL /Osm
—
o
|

— 95% CL exclusion: mean
I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
- 95% CL'echuslion: mean (no' sys)

200 400 600
Higgs mass, m  [GeV/c ]

Combining the channels, but under the hypothesis of twice as much data, can
provide an estimate of the combined CMS + ATLAS exclusion limits with L=1 fb-":

Expected exclusion range for the SM Higgs: 140 < m, < 200 GeV
Expected discovery range: 160 < m, <170 GeV
If 4 fermion generations exist, then the excluded range is m, < ~570 GeV
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Events for each channel
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Higgs at 7 TeV
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Ratio of Xsections at Vs = 14, 10, 7 TeV

Process o(10 TeV)/o(14 TeV) o(7 TeV)/o(10 TeV) o(7 TeV)/o(14 TeV)
H (m=160) 0.54 0.50 0.27
WW, 22, WZ 0.65 0.62 0.40
tt 0.45 0.39 0.18
tw 0.45 0.39 0.18
W, Z 0.68 0.66 0.45

C at 10 TeV

1.0 p=r—r=rrrr ——r—rrrrry

| ratios of parton luminosities
- at 10 TeV LHC and 14 TeV LHC
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o(PFE ) [GeV]
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MET resolution
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/. — ee candidates: event display

CMS Experiment at LHC, CERN
Run 133877, Event 28405693
Lumi section: 387 —
Sat Apr 24 2010, 14:00:54 CEST / N
\
\

CMS

‘Compact Muon Solencid

Electrons p;=34.0,31.9 GeV/c 4
Inv. mass =91.2 GeV/c2
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ATLAS and CMS
T Atas | cMs

Magnetic fleld 2T solenoid + toroid (0.5T barrel I T
endcap)
Tracker Si pixels, strips + TRT
o/py = 5x10%p + 0.01
EM calorimeter Pb+LAr
o/E =~ 10%/+/E + 0.007
Hadronic Fe+scint./ Cu+LAr (10\)
S oracer OJE ~ 50%/+/E + 0.03 GeV
Muon o/pr = 2% @ 50GeV to 10% @ |TeV
(ID+MS)
Trigger LI + Rol-based HLT (L2+EF)

Electromagnetic Calorimeters

g ATLAS

Detector cl haracteristics
Width: 44m
Diameter: 22m
Weight: 7000t
CERN AC - ATLAS V1
eters

\
Shielding

nnnnn
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4T solenoid + return yoke

Si pixels, strips
o/pr = 1.5x10*p+ 0.005
PbWO4 crystals
O/E ~ 2-5%/~/E + 0.005
Cu+scintillator (5.8\ + catcher)
o/E =~ 100%/+/E + 0.05 GeV

olpr ~ 1% @ 50GeV to 5% @ 1TeV
(ID+MS)

LI+HLT (L2 + L3)

i

W/“ ‘ | vacuum chamber

electromagnetic
_calorimeter
“ hadronic
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Exclusions at 95% C.L. from direct

search:

— TeVatron run |l: 160 < m, <170 GeV

LEP: m, < 114.4 GeV

The Higgs mass

LEP preferred fit values:
— m,=87,'3GeV(68%CL) o

— my <157 GeV (95% C.L.)

Unitarity constraint:

m,<1TeV

6 March 2009 m. .= 1'63 GeV
(5) _ |
5 - . Al = |
1 —0.02758+0.00035
L % -+ 0.0274940.00012 .
4 "-,l“ .+ incl. low Q° data —
3 — —
2 — —
1 ] —
0 Excluded . /= Preliminary
T 1 1 1 ] 1
30 100 300

m,, [GeV]



Higgs production and decays

g-g fusion is the main production channel at LHC www¥wm

t

Decay modes:

p— 2e00092% 0
— bb suffers from the huge QCD background gluorg fusion associated production (W, Z)
t
— T'T is promising at low m,, values a % TR
S W HY
— Yy is relatively easy to detect, despite the very low BR W/%---H ----- L
= EETET T i —

o] t

— WW is the dominant channel for m,, > 140 GeV a, a,
Vector-Boson-Fusion (VBF) top fusion

(BR=1atm, =160 GeV)

— ZZ has a lower BR than WW, but a clearer signature L=
Ll l T l LB B e l LA l LA LA ) l LB L l LB l LB ' LB l LI LA I
o H+X
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NLO QCD [ 7 S
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VBF H — 771~

3 final states: lepton-lepton, lepton-hadron, WW, 22 fusion: G, H
hadron-hadron
Signature:

— 2 leptons or t-jets in the central region
— MET
— 2 forward tag jets in opposite hemispheres (used as tag)

The invariant mass M(tt) can be calculated in the
collinear approximation:

— Vs collinear to t’s

Backgrounds:
— QCD, reduced with the Central Jet Veto (no colour flow
between the 2 tag jets) , V .
— W/Z+jets ’C
— Z/y* = t't, estimated from Z 2> ptp H - ""'-'-f..,.... —
— tt, suppressed by performing b-jet ID ’E P miss



VBF H — 771~

ﬁ fraction of T momentum
P = x_l / carried by the lepton
T

Prii+ Pri2 = Prir + Priz + P rmiss

l)Ticpl X [)Tlcp2 S I)Z}epl J /)T/Upl A

pl}li_qg.ﬁ X ' py}(‘pl WV - Pl)hgz,'s WV ' p'/)cpl X
])Ticpl X 1)7}0;)2 Vo [.) T/(?pl Y 1’)]}0})2’.\_

pl}[i,gg.s y py}ep] X py}liggs X p-”epl W
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H — 727%™ — 41 : background control

An example: CMS data-driven methods to control the background

e Z7Z = 4l: normalizationto Z =2 |l

theor .
from MC p(mH) — NZZ y(Am) 8ZZ |:> predlcted(Am) p(m[_[) Nmeasured

one gets: N;hemy ‘€,
CMS Preliminary
- UL L B
- . . . > : A
* Zbb: normalization to sidebands Q gof- ThoZZoAw - f T "
h : . 9 F o Sm =150 Gevict T T " .
— Zbb background can be estimated in a control =80 £
g0F -
region (CR) =70l e
— [ ] o ~ "
— A constraint to the Z mass is set, to suppress tt —- 50
contributions in this region - 505
— An extrapolation from the control region to the 0
signal one is made 30;
— The final uncertainty is ~35% at L=1 fb! CR 20:
10F-
HIso,,.,.: sSum of the isolation variable for the 2 least -

-
-
=]
[\
o
w
<o

: 0 %0 e
isolated leptons [GcV/c]
Pr3: Py Of the 3 lepton (after sorting by decreasing p;)
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Channel combination:
discovery (14 TeV analysis)

16 L ATLAS — Combined
1 ZZ — 4]
L=10t0> £

WWO0j — ev uv
<= WW2j — evuv

—
[\
T

expected significance
=
T

—
o

* ATLAS and CMS combined analyses can

. . . 8
make a 50 discovery possible in the range
. 6
140 < m,, < 450 GeV with L=5 fb™!
4
 Atlow L, the main discovery channels are ,
WW (around m,~ 2 m,) and ZZ ol
100 200 300 400 500 600
significance —— , ' ' y (GeV)
10 B Ry -
e . ATLAS [0 CMS ]
% H-ov ' /
£ 8 H-ZZ* >4 - i /
3 . H— 1t | i ‘
H — WW - evuv 10 - ‘ -
L 1
i " —h 4"/1 |
: —e— H—yy cuts -
A - +H‘_’YY Opt
1 e —— HZZ—4 .
—-—H—>WW—>2I2\ i
N EEEEEE i
0 | 100 200 300 400 500 690
Y2040 160 180 200 220 240 260 280 Adoerto Graziano - PLHC2010 M Ge
Hs

m,, [GeV]



Channel combination:

exclusion (14 TeV analysis)

* By combining WW and ZZ channels, CMS can
exclude the Higgs at 95% C.L. in the mass
range 140 < m < 230 GeV with L=1 fb™!

e ATLAS can do the same in the mass range
115 < my, < 460 GeV with L=2 fb!

Combined Exclusion CL

—
o

©

Luminosity [fb™"]

8/6/2010
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0.62
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m, [GeV]

CMS Preliminary

= L] T T T T T Ty
o’ 14 TeV
—~ 10F L=1fb" 3
- " ]
2 ——277
© —o— WW
S Combined |
&U .
vl
L e S R A P T ——
01 N | P R BTN SR BTSN SR SN PR ST S S SN
100 120 140 160 180 200 220 240 260
2
m,, (GeVic)
T E
5 107 B\
= 102 3 _:".
T g o
= 107 ¢
g ol ATLAS
3 4
®10° F Exclusion: L=2fb
6 p-value < 0.05
10 F —Coq)lbined
10-7 ;_ ""ZZ( — 4]
: Yy
10° F Tt
9 WWO0j — ev uv
o , - WW2j — ev v
10 E k—  expected 95% CL exclusion — = evi
10-10 Ll N T
100 200 300 400 500 600
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Different /s scenarios

The LHC has started running at v/s =7 TeV
W.r.t.v/s = 14 TeV, both signal and bkg Xsections get lower

— the signal one drops more steeply than the bkg one, because signal
is mostly produced via gg fusion, whereas bkg via gq fusion

Higgs production cross section: (10 TeV) ~ 0.5 o(14 TeV)

A larger integrated luminosity will be needed, both for
discovery and for exclusion
— e.g. at CMS, for 95% C.L. exclusion, L(6 TeV) ~ 10 L(14 TeV))

O ~ O =
PrOCGSS V'S 107eV Vs = 6leV
0\‘? = 14TeV G\,’E = 14TeV

tt 0.450 0.113

Wt 0.450 0.113

ww 0.650 0.320

Wz 0.650 0.320

V4 0.650 0.320

Z > 0.681 0.371

W — ty 0.681 0.371

gg —> H | 0540 0.190

Example : HWW + HZZ combined

fLfor 50 14TeV 10TeV

my =200 GeV 0.6 fb-1 1.3 fb-1

Combined H=WW + H—=ZZ: lumi for 95% CL

CMS Preliminary

.‘ N
\L /2// ‘

T T T T T T T

—&— HZZ+HWW (B TeV)
—a— HZZ+HWW (10 TeV)
—o— HZZ+HWW (14 TeV)

I

N T

L 1 i 1 L | S i ] i

CMS Preliminary —_
T I T T T l T T T l T T T I T T T l T @ .
= E 0
3 — 1 1
o H—WW/ZZ channels, L = 1 fb" ~
- 10f 1% =
- r 1% .9
O 18 7))
& le =3
© {E o
fe) —=—10 TeV Bayesian 13 )
—r =
© o 10 TeV CL ] =3
04 s =
I O O D O ARERE oy N T A Y A U T — [Te]
18 o
12 -
13 o
13 &
) 2 0 01 CMS-
—e—14 TeV Bayesian |; b F e
o 14TeV CL, H € = 1
0.1 PR N S S S NN SR SR NN S SR SR HT S S S a 3 —
120 140 160 180 200 — 120 140

m,, (GeV/c?)

160 180 200
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