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« Searching for Higgs Bosons at ATLAS & CMS - |

Outline

/~ ¢ Test beams N\
« Commissioning with cosmic rays

» Alignment strategies and pre-alignments
» Full simulations of realistic “as-built” and “as-installed” detector

\_ * Triggers for initial luminosities J

* Luminosity measurements
 Sanity checks - J/¥#(Y)—uu and Z—uu/ee ...

* Minimum bias and underlying events ~ a|ready introduced
* Constraining PDF with early data by previous spea kers

 Inclusive jet cross section

« Commissioning with top events

» Jet energy scale and b-tagging efficiency
 First discoveries

« Searching for Higgs Bosons at ATLAS & CMS - i
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Muon Detectors

A
Barrel Toroid

Kétévi A. Assamagan

ATLAS and CMS ...

Electromagnetic Calorimeters

Forward Calorimeters
/

\ \ o
\ \\ / End Cap Toroid

Inner Detector

Total weight

Overall len;
Magnetic field

: 4Tesla

CMS
A Compact Solenoidal Detector for LHC

FORWARD
CALORIMETER

B |
Overall diameter :

CMS-PARA-0D1-11/07/97  user

Hadronic Calorimeters Wik
Parameter ATLAS CMS
Total weight (tons) 7,000 12,500
Ovwerall diameter (m) 22 15
Overall length (m) 46 20
Magnetic field for tracking (T) 2 4
Solid angle for lepton ID or tracking (A¢ x An) || 2m x 5.0 | 27 x 5.0
Solid angle for energy measurements (Ag¢ x An) 21 % 9.6 | 2w x 9.6
Total cost (MCHF) 550 550
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A historical moment:
Closure of the LHC beam pipe ring

on 16™ June (the last piece was the
one shown here in ATLAS side A)
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Strategy to new physics discovery ...
» Before data taking:

— Test beam: several years of activities culminating in the combined test
beam of 2004/2007 to understand and calibrate sub-detectors, and to
validate/tune software tools, ¢.g., Geant4 simulation

— Full simulations of realistic “as-built” and “as-installed” detector
(misalignments, material non-uniformity, dead channels): test and
validate calibration and alignment strategies

— Some aspects of commissioning with cosmics are being addressed now
or have already been addressed:

 Pre-alignment and calibration

now we are

e Initial detector shake-down almost here

» Data processing at the Tier 0 (CERN), distributed to Tier 1’s and some Tier
2’s. Analysis at the Tier 2’s.

 With first data

— Rediscover SM at v/s = 10 TeV (minimum bias, W, Z, tt, QCD jets, etc)
— Validate and tune tools (MC generators)
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Luminosity - why measure 1t?

Measure the cross sections for "Standard " processes
Top pair production e Theoretically known

Jet production to~10 %
. . . &’

New physics manifesting = B0 i o)
. . . B A A H > 229 3> 4]
in deviation of ¢ x BR €
relative to the Standard Model predictions. & 5, [
Precision measurement becomes more
important if new physics not directly seen.
(characteristic scale too highl) o b
Important precision measurements e Ny

Higgs production ¢ x BR T 82 ' | oedl?

: my
TOHB measurement for MSSM Higgs Relative precision on the measurement of op<BR for various

channels, as function of my. at [Ldr = 300 fb!. The dominant
uncertainty is from Luminosity: 10% (open symbaols), 5% (solid
symbols).

Significant uncertainty from luminosity (ATLAS Physics TDR , May 1999)
unless measuring ratio of observables
where luminosity cancels out in the ratio
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Luminosity measurements ...

CMS/TOTEM and ATLAS forward detectors for forward physics, heavy ion, ... and
luminosity measurements

211:;

: [5.2 < n < 6.6]
| . CASTOR TOTEN
n=-8 -6 -4 2 0 2 4 6 8 = /

= B =T r (z =+140 m)

ZDC [n = 8.3 neutral]

[ zoc |_zoc |
e Initially from machine parameters
— Precision ~10-15%
[Charged paricle density | Depends on f,,, revelution frequency
5 ° S N2 . T n, number of bunches
5 s ythia v6.318 ATLAS Cal, L= ym= N number of particles/bunch
?g_ - o* beam size or rather overlap
®E integral at IP
5 . .
o I * Medium term from physics
3k | processes:W/Z & uu/ee
i3 : ALFA — Precision ~5-10%
R O e s e 2010 from Roman Pot detectors

n

— — — =+ (Neutrals) —  Precision ~2-3%
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Higgs Searches: present limits

e The electroweak measurements are
sensitive to my through radiative

Moo= "dd Gay

61—
Y 1eary UNce

; 15)
o
—0.02758+0.00035
---0,02749+0,00012

correctiong: = inel. bow OF data -
H - 3 -
n H ]
‘\-‘l‘l’\‘l“\‘u‘v‘\ mz ]
s i
0 1 Exr.tllud-.l’:':d .' Iﬂo"""il' F'relilminary_
e Direct search at LEP2: 30 100 300
b jet m,, [GeV]
o P =g ICHEPOS: Tevatron excludes
. . mH=170 GeV with 3fb-!1
- z“.,\ % ssass Expected
g — (Ohsorved
E Bl o
LEP limits: d 10 | 426
1144 <my;< 182 GeV/e? =
=25 umy
t t &
Directe Indirecie
1
. ; Tuly 0, 2004
155 160 165 170 175 180 185 100 195 200
m (GeV/c?)
Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 8



Higgs Production at the LHC

Kétévi A. Assamagan

A.Djouadi Phys.Rept.457:1-216

alpp = H + X) [pb]
V5 = 14 TeV
MRST/NLO
ey = 178 GeV

-
-
——
.....
.
-
.,
-
-y
~

-
-
™

U 1 1 1 % bl I I 1 1 I 1 1
100 1000

My [GeV]

Typical uncertainties on cross-section

gg [usion process is the

more abundant, followed | 22 10 %  NNnLO

by the Vector Boson VBF S% NL,O
Fusion process. WH,ZH 5%  NNLO

ttH 15% NLO
ICTP Trieste, 09-10.12.08 9




SM Higgs Decays at the LHC

0.01

0.0001 ' '

100 130 160 200 SO H00 TO0
My [GeV]

1000

Many channels explored!

All the mass range is covered!
H — WW, vy, bb

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08
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Light Higgs Boson ...

I HoO

q

>/ﬁ\£‘<v Z
- lu
a H

W, Z bremssirahlung

HO

1T fusion T
I I -:nlpp—mJI,XI [ph1| 102 Tevatron
Vs =14 TeV 3 pb olpp— H + x) Ipbl
_ Vs = 2 TeV
M =176 o(LHC)/o(Tevatron): | '© F=2Te
CTEQ4M ~70 9g — H m?: H
1 — _—
~ 60 qqH — qqH —
qi —HW q;l;‘ﬁ'lq ] ~ 100 ttH g —;-;;_q_ e ::_l'f ]
~10 qq —=WH/ZH - e
= for m;;<200 GeV Tl S H?
g HE
—3
it Pl Pt 1o
|l:|--*|‘-\:::f e
-lu i I 1 L I 1 L i i 10-.1. L L. L L Ll L L, Ly L
[} 2060 ETI] GO BOK) TR Bl 100 120 140 180 180 20K

M,, [GeV]

M, (GeV/c?)

Tevatron Main Search Channels

LHC Main Search Channels

m,, ~115 GeV<

m,, ~ 160 GeV

-WH— Ivbb

ZH — vvbb, llbb
H—=WW — lvlv

H — vy, qqH — qqrt

ttH— IvbbX

H— WW— IvlvH—>Z7*—4],
qqH— qqWW— qqlvlv

Large backgrounds at the LHC
Kétévi A. Assamagan

N Cross-sections too small at the Tevatron
ICTP Trieste, 09-10.12.08
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Luminastty needed (11"

Light Higgs Boson ...

Need ~ fb-! of well-understood data per experiment

<1 fb': 95% CL exclusion
. 5 o discovery IR < 5 fb-1: 50 discovery
95‘5':’0 C.L. Fxcll{sioq e e e 2010 for definitive word
on Higgs?
2 [
8 12 a CMS
l g f L=9.21fb
£ 1o M Higgs
e HEzz
3 8-t
_ P g 6 [1zbb
10 7' ATLAS + CMS - 8 E
s sumsasaee wassasoe eeste suueen s son st NN | o
TOO SO0 SO0 OO 2 :
- ) ) - gy {Ge‘.—‘.-'cj} g 2 __
J.J. Blaising, A. De Roeck, J. Ellis, F. Gianotti, P. Janot, 5 S vl DS N R
i ; 50 100 150 200 250
G. Roland and D. Schiatte, 2 4 lepton invariant mass (GeV)

Eur. Strategy workshop (2006)

Most difficult region: combine
many channels with small S/B

my > 140 GeV, easier discovery with H—=ZZ*—4|
H—WW—lvlv dominates at 160 but no mass peak
(counting experiment)

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 12



In the early going

Integrated
luminosity

1 fb—1 +

Accurate in-situ alignment and EM/jet/ E;,,ss calibrations
100 pb—' + Understand SUSY and Higgs backgrounds frorn._ SM
Initial SUSY and MSSM Higgs sensitivity (E; — ~2 TeV)

Test beams, /—/
cosmic runs,
pre-alignment 2 O 09

and calibration, 10 pb~" - Initial detector and trigger synchronisation,
data distribution commissioning, calibration & alignment, material
dress rehearsals - Search for extraordinary new physics signatures
»
Time

LHC startup

Expected data samples with only 100 pb-' ~ 38.5 days at 1032 cm=2 s™! with 30% eff.

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 13



J/AW(Y)—uuw and Z—uu ...

—During the initial run of the LHC,

1 pb! = 3.85 days at 103! with 30% efficiency mudmu4 trigger will be used
%10?"”'””"”"”” “l‘:|bb|—>u€u|4x7 After all cuts:
E B Direct onia 1 ™ 4200 (BD{J) Jf'l#f (y) — up evts per' dﬂY at L = 1031
__9,:, N o EDrel-yan 1 (far 30% machine x detector data taking efficiency)
2 1: ATLAS Preliminary = ~16000 (3100) events per pb-
= 3
Z o — tracker momentum scale, trigger performance,
1078 detector efficiency, sanity checks, ...

102
@
2 3 4 5 6 7 8 9 10 11 12 T
Mass (GeV) c
L
tr
After all cuts:
~ 160 Z —= pu evts per day at L = 103!
~ 600 events per pb-!

— Muon Spectrometer alignment, ECAL uniformity,
energy/momentum scale of full detector,

lepton trigger and reconstruction efficiency, .. R R R TR R
M, [GeV]

Expected precision on o (Z— uu): < 2% experimental, ~10% luminosity

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 14



EM Calorimeter uniformaity...

« Use Z—ee to correct for residual long range non-

uniformity due to

Overall 0 100 200 300 400
uniformity [N
_ ATLAS

10% Z—ee would be enough 0.015 %o

to achieve a uniform response

Luminosity (pb!)

(from full detector simulation) -'n : - - v r

005

Kétévi A. Assamagan

e b
0 20 44 60 S0 1000 120

Number of Z — ee events
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Minimum bias/Underlying Event ...

Minimum bias events The underlying event (UE)

» Inelastic hadron-hadron events
selected with an experiment’s
“‘minimum bias trigger”.

* Usually associated with inelastic non-

single-diffractive events (NSD) (e.g.
UAS5, E735, CDF ... ATLAS/CMS?)

*  The “soft part” associated with hard scatters

Orot =OCtas T Oy iy 70 4ir T O, 4ir
N N
6, ~102-118 mb . In parton-parton scattering, the UE is usually
(PYTHIA)  (PHOJET) Gxsp ~ 69 - T3mb defined to be everything except the two
YIS RALEN outgoing hard scattered jets:
/®» Beam-beam remnants.
Need minimum bias data to: 2® Additional parton-parton interactions.

Study general characteristics of proton- 0 ISRHFSR

proton interactions

1 Ivestigale mulperion eractiens + Canwe use “minimum bias” datato
.p - model the “underlying event”?
=@ _UnderStand the_ underlying event: > At least for the beam-beam remnant and
impact on physics analyses? multiple interactions?

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 16



chh/dT] at =0

< Nc118 > - transverse region

Minimum bias/Underlying Event ...

Minimum bias tuning on data

_Charged Particle multiplicity

2 | FYTHE. 2 14 (bursd) )

FPHRJET1.12 [default) L
s | ey [

I At e

! & UAS 53, 200, 546 ond S00 Ga' /.-" L - -

t - —~
s | @ COF 630 and 1530 Gov e

.A:‘:é-:; T
* . A
R
’,_/"’—.
= T -;3'}';
et

R e

| CUDEE el — DE (el - 3n
. e BLZTIn(m} — 3.2

a e 1

s

a

LHC? |

250

dN.,/dp+

LHC 1 minute

Generation

/(PYTHIA)

Reconstruction with full
simulation (2 methods)

[

B e Ty e

PR IR
® 200 400

Ll PP [
E00 1000 1200 1400 1600 1800 2000

Pr (MeV)

Take special run with low B field to reach p;
~ 200 MeV.

s (GeV)
L L 4 PYTHLAG.214 (CTEQSL) LHC prediction
: o JIMMY4.1 {CTEQ6L)
10 |-
"UE tuning ﬂ‘-”c
- z
8 |- ® CDF duw - : ;
i N e
i Ceanilindienyy - 2N st oo
6 [ * o,mmdéom" *_'$
I = _o Wﬁ- ¢¢' 4,
- c® ¢
- ,‘QO
4 N 'O
[ < ity Tosastat *tetodfett ++
2 [ L otibde RO
| .-
- s
-
B....|...,./|....|....|....
() 0 , 20 30 40 50
Tevatron P teadingjer (GEV)

Predictions similar:

Kétévi A. Assamagan

Measurements from different
LHC experiments should be
complementary:

»  LHC-b tracks charged particles to
higher rapidities than ATLAS or
CMS

»  ALICE tracks charged particles

down to lower momenta than
ATLAS or CMS

difference used to be a factor 2
ICTP Trieste, 09-10.12.08
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Inclusive jet cross-section ...

Inglusive jet cross-section

dalddEyy (007Te)

10°

Several orders of magnitude
larger than Tevatron at the
Mematic limit

Jet spectrum at high p; sensitive to new physics
Can fake/mask signal if not well understood ...

10*

4:‘ Jets with p=

Experimental error on jet cross-section (%)

1TeV [n|<2 |

10
Vs = 14 TeV 'I'LAS :
- 102 evts =
> 10
E; (TeV)
Inclusive jets 0=<y<3 | S
5 0-2F AT
5 = : T mAmiAmeein
ge1sE Theoretical errors: e
5 0-“:_ _ . 0 —— muAR=ZONFSID
E B MR/MF 10 /0 at 1 TeV )
20.05" - e ;’t
S e SR AN
N — : | — e
- —_
0.1 t ] —+ | a
-0.155—
P = I I

b e b b b L o L L
800 1000 1200 1400 1600 1800 2000

Et (GeV}

10’
Integrated luminosity (pb™)

Addition theoretical errors from PDF uncertainties ~15% at 1 TeV

Kétévi A. Assamagan

ICTP Trieste, 09-10.12.08
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Constraining PDF with early data

Using W—lv angular distribution

A particle of mass M, at
a rapidity y, produced by

a pair of partons (1,2) carrying

a fraction x, , of the proton
momentum:

W production at LHC over |y|<2.5

implies 10 <x, ,<0.1: region
dominated by g—qq

ud =W —e'v

du =W —ev

Kétévi A. Assamagan
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e rapidity e” rapidity
M >
x,, =—=exp(= y) S p
«.l'r; g ‘012
2 - - T 18|
— I
€ ; :'-';1‘:2. -: - 1%‘ QesZ= E400 |3 —eT ; 0.08 i II
(& = \ w c.—r‘; g 0.08 f' Herwig+NLO '
: Le | E % .;.?:'n‘rﬂi - 0.04 | Generated
>t E = k: Setiam E 0.0z £
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* The goal is experimental uncertainty < 5%: oot E 0.01
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a1 -

08 -

- ————
_____________

Constraining PDF with early data ...

What will be the effect of including LHC data in global PDF Fits?

Take 10 W—ev events generated with CTEQ6.1 PDF and ATLFAST detector
simulation to probe the low-x gluon PDF at Q*=my,?: W —e"v rapidity spectrum

sensitive to gluon shape parameter A

This “data” included in the global fit

ZEUS-PDF
BEFORE

" CTEQS.1
pseudo-data

i
1 a 3 L] 5

m| °

R ].]

o1

[ €" cTEQS.1
- pseudo-data

..., including W data

ZEUS-PDF AFTER

“Qh\

I
1 2

ol
3 [ -]

m|

The central value of the ZEUS-PDF prediction shifts and uncertainty is reduced,;
Error on low-x gluon shape parameter A [xg(x) ~ x*] reduced by 35%

The systematics on electron acceptance versus ), will be controlled to a
few percent using Z—ee ( ~3 10% events at 100 pb-')

Kétévi A. Assamagan
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Jet Energy Scale / b-tagging Efficiency...

« (alibration of light jet energy scale, to

- =

complement y+jets sample -
2

:_I,.; 3

4 250
=]
o

5 200

SR EL
2

Jet E-scale: E 100
m initially o ~ 10% from test beam + simulation Z

(Geant4 reproduces test-beam pion response Clear W peak!

of hadronic end-cap calorimeter to ~2%) 0 0 a0 80 100

m Then eventually from data (y/Z+jets, W—jj in
tt events) + simulation —1%

m| = 1.5
- 0.2
E 3.185 —®%—— ah=alute .Jnl::ertaint;-'r::lr1fb"
E:S_‘ o 15' coecmess ahmalube uncertalnly for 10 o
o . . B N : = . I - relative uncertainty for 1 o’
Calibration of b-tagging efficiency E 0140 | e roitiv ceeortaity fon 10 for!
i+ [
= I ] s
= 0.1 L g
2 oos e
& 0.08 - -
0.04 '/'_ = s
ooz Tt -
o

40 B0 80 100120140160180200 dilepton
Calibrated E; b-Jet
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top reconstruction & mass measurement ...

« Several methods for early top mass measurement - for example, kinematic fit to
reconstruct hadronic top in lepton+jet sample. Implications for Higgs:

g 180 j'{ I ATLAS preliminary I»
160 ;
e R 4
1 jets pr> 20 GeV 15120
™ o .
Isolated lepton 3 jets with largest > p;
P> 20 GeV F wE
Bl NO b-tag !! nE
E,™Miss > 20 GeV ,4 \ M(3jets) GeV Ge¥
bt m{top,..)
Even without b-taggin_g, simple anglysis, expect "’"’E” ATE NS Tl
to measure m, to within 10 GeV with 100 pb""’ o simulation,
aol MC@NLO,
i 10 b7
'"7' wrong b
Statistical errors @10fb-': 0.05-0.2 GeV A;_ wrong W
Systematics uncertainties: 0.9-1.6 GeV o

50 100 150 D 250 23040 230 400
top quark mass
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Excess number of events 1n tails...

Lepton(e or u) +multijets+MET analysis

e
— 107 = .
U'J — E
= c .
m B —

=
© 10 .
1= ]
107 ATLAS ‘4’ i £
£ r9|m| ary | 1 ] €
100 200 300 400 500 600 700 800 900

[Asai] Missing E_ [GeV]

LHC reach for Squark- and Gluino masses:

0.1 fb" = M~ 750 GeV
1 b1 = M~ 1350 GeV
10 fb-" = M~ 1800 GeV

Kétévi A. Assamagan
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Deviation from the SM could be seen quickly:
but need time to demonstrate that it is SUSY

I T
EMISS (300 tb1)

1400 |—

1200

1000

800

M, (GeV)

600

400

200

visibility of dilepton
structure

O DD 1286cmod

o 500 1000

mg (GeV)

1500 200

With only 100 pb,

deviation from the SM up to ~ 1 TeV.
But understanding backgrounds
would require 1 fb1:

Implications for Higgs

- Higgs production from SUSY cascade decays
- Higgs decays to SUSY particles (and invisibles)

23



Narrow Resonance—l1l at ~ 1TeV...

- - ) 1 Fi-1

= " = _t::-_r . _’_l . \ﬁ%

= .o -1 _E“HTT:[:‘I Yoo "-.J ol

S - [ttt s i hamaae

vo 4 Z—llwith SM-like coupling I ‘ L ‘ T 1[ J[ HJL~
S OO 1 OO 1 S O PSOO
Ui i T TR R L |

Mass Expected Events for 1fb-! Luminosity needed for discovery
(TeV) after cuts (corresponds 10 observed events)
1.0 ~ 160 ~ 70 pb-!
1.5 ~ 30 ~ 300 pb-!
2.0 ~ 7 ~ 1.5 fb’!

« With 100 pb-1, signal large enough for discovery up to m>1 TeV

« Signal is a narrow resonance on top of a small Drell-Yan background
« Ultimate calorimeter performance not needed

Discovery likely in the e+e- channel but u+u-

channel needed for couplings, asymmetry, etc

Kétévi A. Assamagan
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Di-jet Resonances ...

* Physics interest 1s in the high mass tail:
— Sensitivity to excited quarks, W’, Z’, etc.
— Limits from and are in the range < 0.78 TeV
— With few pb-! at 14 TeV we can extend the range

— Crucial experimental parameter is the energy resolution
in measuring jet energy (They are narrow resonances)
1

o ' q" signaia for
gma = p—— ME o wzOT L 4 BT
- 10° - * Coboats e

g 0 I":-_ - Cormcigdlats asf

P
[
|

Factlanal 0TRm ae fmm 9Co
=
= | =]
LIL] III‘IIIIIII LIBL L] L] LELILI
L
I_I
I_I
-
I_I
I_I
u

L QG0 Statiabcal

-
=
-11:_

asf CMS Priiminary

= - -IIIIIIIIIIIIIIIIIIIIIIIIIII 1 I IIIII
1 10600 200 3N0 4000 BDXD S000 OO0 0 10 0060 WD 4300 600 =00 700
MetMma iy Det Maaa (V)

Convincing signal for a 2 TeV excited quark with 100 pb-’
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Summary

«  With first data, up to 100 pb-! (2009)

— Detector and Trigger commissioning and calibration in situ
— Simulation/reconstruction software tuning
— “Re-discover” the SM: W, Z, top, jets
— Help constrain PDF uncertainties
— Could discovery some new physics
* ~TeV scale resonance X—ll
» Narrow resonance in di-jet mass tail
* Hint for SUSY
* Hint for a light neutral scalar
e  With more data (> 1 fb'!: 2010 -)
— Discover a TeV scale SUSY
— Discover at least one Higgs boson
— Understand deviation, excess as signal for new physics

=» Searches for Higgs Bosons at the LHC - ||

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 26



Outline

e Introduction
« Standard Model Higgs

« MSSM Higgs
« Higgs Property measurements

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 27



Some of the questions ...

e What is the origin of mass?
— How 1s the Electroweak symmetry broken?
— Do Higgs bosons exist?

* What is the underlying theory of unification?
— Are the interactions unified at some larger energy scale?
— How is gravity incorporated?
— Is there supersymmetry?

* Flavor

— Why are there 3 flavor families?
— Neutrino masses and mixing?
— The origin of CP violation

Answers to some of these questions are expected at the
TeV mass scale, i.e. at the LHC

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08
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Improvement 1in Higgs Studies at the LHC

*Many studies have meanwhile been performed using

detailed GEANT simulations of the detectors
- Physics Performance Technical Design Report
from the CMS collaboration
- ATLAS CSC (Computing System Challenge) notes in
preparation, to be released towards the end of 2008

* New (N)NLO Monte Carlos (also for backgrounds)
- MCFM Monte Carlo, J. Campbell and K. Ellis, http://mcfm.fnal.gov
- MC@NLO Monte Carlo, S.Frixione and B. Webber, wwwweb.phy.cam.ar.uk/theory/
- T. Figy, C. Oleari and D. Zeppenfeld, Phys. Rev. D68, 073005 (2003)

Physics Performances

- E.L.Berger and J. Campbell, Phys. Rev. D70, 073011 (2004) Physics Technical Design Report Vol 11
- C. Anastasiou, K. Melnikov and F. Petriello, hep-ph/0409088 and hep-ph/0501130

CMS: CERN/LHCC 2006-021

* New approaches to match parton showers and matrix elements
- ALPGEN Monte Carlo + MLM matching, M. Mangano et al. ATLAS: ((:E':N-(::E::);?)OB-OZO
- SHERPA Monte Carlo, F. Krauss et al. PP

Tevatron data are extremely valuable for validation, work has started

* More detailed, better understood reconstruction methods
(partially based on test beam results,...)

* Further studies of new Higgs boson scenarios

(Various MSSM benchmark scenarios, CP-violating scenarios, Invisible Higgs boson decays,.....)
Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 29
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Standard Model Higgs
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Higgs — gamma gamma

» Important channel in the low mass region.

« It gives the best mass resolution thanks to excellent
electromagnetic energy resolution

SELECTION
* Trigger: at least 2 isolated photons, with pr>20 GeV/c each
=2 &(respect to offline) = (93.6 + 0.4)%

* Identification cut exploiting the shower shape.

* Fiducial cut: O<Inl < 1.37 & 1.52 <Inl < 2.37.

* Isolation cut: Zpr< 4 GeV/e, considering all tracks with
pr>1GeV/ic i a AR=0.3 cone around the
electromagnetic cluster.

* Momentum cut: ppr>25GeV/e and pr>40GeV/c for the two

most energetic photons.

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

0l

0.01 |

-
* L

f BR(H)
n.utﬁ'_. * |[[

- A
4]
%
LR
;N A
)
i
[ &
§e
" 0
I <
f % b
' 5
W
R T
I U A
[ .
S
.
1

(1 | 4

(L0001 - e ! L
100 130 160 200 300 SO0 T00
a!.ll']r” [(1"[‘"-‘]

L)

¥

Selection efficiency:
£=30.0 % (32.2% with pileup 107 cm2s1)

_>

In a mass window M, +/- 1.4doGeV:

Signal Process | Cross-section (fb)
gg—H 21
VBF H 2.7
tH 0.35
FH 1.3

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08
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Higos — gamma gamma backgrounds

Within a mass window My, +/- [.40GeV:

Example: y-jet processes

Background Process | Cross-section (tb) g . g AN q cond
n Yl [q 9 1q
""I'J" - 6—- a - __r.vn__ru__:_ Qoo " a OROQR :"{,- q
Reducible ¥ 318 o 1 ® ]
- . - 8 ‘,S" ) = '
Reducible j; 49 LR Fr,.g. . “« a. A
j q Ha ™q
Dre]_]_ Yan l 8 + TATAVATAY: q * - '\t,-ﬂ ~SORUQR T .-.L_I'_'_\I g
b @ ) T 7y, Tm gt
odoo of
AL LR * e eV *
* Background is evaluated with NL() simulations. ous [ i ;E ol
. ) . 00080 —pm L0V
« It will be measured from data sidebands. S Ml N
e = 0 DL 5
— 3 Eaw T,
/!-___\{:_' —x_ l‘-_l" iy tl;e_ |
Strategy for jet rejection: - g\// ﬂd §
«  Longitudinal segmentation of the calorimeter. £ : %&
. . . . Vs sy T
*  Fine segmentation of the first layer (7-st7ips) => good 7/ / ; %g R
rejection. A B AN
. _ K AN
. Isolation of the electromagnetic cluster. & -; "@:ﬁ t
. . Ny, 3
«  [solation based on tracks reconstructed by the inner detector. 3, s
k
v
L “"';':?Fu.m o
W By piomen in Saepling L
__\_\_‘_l_|
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Higos — gamma gamma reconstruction

. 7
_ PRIMARY VERTES . CONVERSIONS
If the vertex is unknown, add 1.4 GeV to the mass resolution. - -
Combine calorimeter and tracker informations! ~30% of the events with at least one converted ¥ !
Photon 1 Phot - ad hoc energy calibration required 1n late conversions;
Middle - conversion vertex used i computation of the direction;
Strips - used for gamma-jet background estimation.
\ / 200 1D Material DC3 ATLAS CMS B
. § I Servi 1.4 [ All Tracker
¥ = 18 =G = Beam Pipe
4y LyeO 4 g0 =§§I‘5 "2 F o Taner Silicon
=, []Beam Pipe [ = Outer Silico,
- Calorimeter — vertex position accuracy of 19 mm 5 ,::, ! -§z:';{:;§"'
- Combining with the tracker information — ~.1 mm § 100 £
Calorimeter information is useful in case of pile-up or 5 % il
. PEETIN g o0 04
events with low tracks multiplicity. S N,
P 0
RN R LN LALY LR A LAAN ALY AR AL N o M LAk LN AR LR RRAN RARY R B s 2 2 s
112 j|  —MNopilew 7 012: — No pile-up
. ) — o’ A2 S o E L B LA L AL B BL L BRI
Wiy | En, | My | o, [ e 8. oo
0.1 ] 0i- . & aoo: P ry et . 3
C ] s = Al least 1 converted y "?f“ -46+0.02) GGV.-': =
3,08 Only calarimeter - 0.08- Calorimeter|and tracker ﬁ 350§ |:’ IRALLTEPEEPETE 3
T ] 800" With pileup! =
2.08 I 1 o008 ] 280E E
1 [ ] 200f- =
2.04 . 0.04- ] 150 3
C 1005 =
2.02 1 oo ] s0. .
008060 40-20 0 20 40 60 80100 01-N806-04-02 -0 0.204 0608 1 oo S u TEOR
{ )
T Zoc Zg !

CMS: fraction of converted ys

s ) Barrel region: 42.0 %
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Evenls/GaV

Higgs — gamma gamma reconstruction

Evants/Gay

EvantsiGey

a000E .- - - -
8000 =5i9na’ From associated production, high levels of
7000E== : == Imeducibie bkg . - .
con0 . Elfencbieni purity for signal achieved thanks to
5000 = additional requirements (but less events....)
4000
3000
2000 - -
1000 ATLAS prefiminary o I
10 116 120 125 130 135 140 145 150 & 008
M, (GeV) @ 0.07E
AL UL BRI BLRLELL LRI LU LR . ""g;g‘m;
o00 W  HHljet Soos;
500 =] imectucivle big 0.047
0.03] i
4005 [ Feducile big 0025
300 0.015
200 O7io
1007
10 115 120 125 130 155 M0 145 150 i R R N ARIRRREEREECEEEREEE
My, (GeV) 2 01
25'_ T T T T T T - % .s.g-'EII
i Mo H+2jet (VBF) i 008 =
zof- Imeducible bk ] @ 005 El Ruducbio bkg
C 5 =] Reducible by ,_% s

WH — Ivyy
: Am’m (Includes ttH)

10 115 120 126

e

[

130 135 140 395 o
T

P10 115 120 125 130 135 140 145 150 e
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Higgs — gamma gamma 51gn1ﬁcance

New elements of the analyses:

- NLO calculations available

(Binoth et al.,

DIPHOX, RESBOS)

- Realistic detector material

- More realistic K factors (for signal and background)
- Split signal sample acc. to resolution functions

Kétévi A. Assamagan

o 81 ' 1 ' | ' | ' 3
8 C —— Combined, fit based with M, fixed .
8 7 - --4m-- Combined, fit based with M_ floated =
= - ATLAS — A Inclusive, fit based with M, fixed ]
c 6 :— -~ Inclusive, fit based with M_ fioated —:
= C jl_ = 10 fb ! Inclusive, number counting =
9 5 —_. combined, number countng .
© C ]
9 :
o F E
3 =

2 :
(3 . E

£ Preliminary I

120 125 130 135 140
Higgs boson mass [GeV]

:’EM

Ge

T 5005

400

Events

3005

2008, L R

100

& Higgs M, =140 GeV (x10}

cMs

I Higgs M, =130 GeV (x10) -
[ Higgs M, =120 GeV [x10}
E3 Higgs M, =115 GeV {x10)

e Drell Yan
2 [ES Py > 50 GeV
L3 y+ets (1 prompt ¢ + 1 take) |
[ y+jets (2 prampt 1)
I yy o
—Z yy borm

1?0 180

W, (Gev)

L=30fb"]

CMS

lIIIIIl

Discovery Significance (No)

Cut-Based Analysi

Cut-Based A

5 (with

e
1alysi

(nos

syst. err.)

|

yst. err.)

......

Optimjzed A

Optlm zed A

naIySI

T
1alysiy

{with

s(nos

syst. érr.)

yst er| .)

0
110 115 120 125 130 135 140 145 150 155

M, (GeV)

» Comparable results for ATLAS and CMS
« Improvements possible by using more exclusive yy + jet topologies

ICTP Trieste, 09-10.12.08
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Higos — Z7* — 4]

SELECTION
S— » Trigger: - single 1solated p (e) with p.>20(25) GeVic;

-two p (e) with pr>10(15) GeVic.
01 « Kinematic: - 2 pairs of same flavor opposite charge lept.

- p~71GeV (at least two with p>20GeV)

- calorimeter identification

0.01 |
i - M, -Myl<AM, and M, ,>M

BR(H)

Fiducial cut: Inl<2.5
0.001 |11 f - * Isolation cut: - Calorimeter: ZE/p, < 0.23
- tracker: Zp/p,< 0.15

» Vertexing cut on maximum lepton impact parameter:

0.0001 LR Sl N ] | _
O G T dyfG3y<3.5 (6.0 ) for ()

It is the “golden channel™!
*Look to the Z with first

data to understand lepton
reconstruction and
detectors response.
«Z2¢e mass peak is

*  Observation of a clear peak on top
of a smooth background!

Arbitrary unitz

Mass
resolution @
Mz~1.8 GeV

. Wide range of masses explored

Background will be estimated in sidebands affected by electron
= low systematic uncertainties bremsstrahlung.

40 50 60 7O 80 S0 100 110 120

M., [3eV]
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Higos — Z7* — 4]

Calorimetric isolation ) Track isolation
. 5 e =R
Reducible backgrounds B e H130GEV) 22 & if T Misea 2o 4
have activity around N i . —u
pir? L
leptons from b-decay . :
AR =+/Ap? + Ag? g ol ATLAS

~ T C preliminary
1o wt E

I"'I.I": II'I.I'!Y II":I-l aa I-\.'I FI ! 1 ! L2 1.4 L& IIID Ié ' Irr.!.l = I‘J.JI ' I!.l.-lI ! I"J.hl ' If..l.H.l ' 1 ! II..IlI ' II:I-II II_.!hI_I II!H.I ' I: !

Maximum & Egfp for 4 B=020 Maxim T pg for 4 B=0.20

Normalized calorimetric and track isolation (AR=0.2) for the signal
(my = 130) and the Zbb and tt backgrounds in the 4 channel.

g H94ﬂ....|...|...|...|...|... = _ H94€ LU L B L L L B B
Lepton from Ir-qu‘ark 510.1 :?g}nﬂl ATLAS ‘é1u1 5 :;Lﬂ;t’l' ATLAS
decay dﬂ. not point E _— preliminary £ —tt preliminary
towards primary vertex 10% - <10
i

-
=]
w

ot

10t 's
¢ s AN AeH I
o 2 4 B 2 i 12 14 16 1B 20
d0 significance d0 significance
Transverse impact parameter significance in signal and reducible background

events.
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Higgs — Z7* — 4]

L Two Z off shell . _ . e
| S = 2 Two Z on shell ]
L] - = L -
Higher background g 2 o T = g SOF —_ E
g . g ﬁ_——r—HhR"-M. .d_'_,.-ﬂ'" — E E ‘____\_""--._ — . ]
requires a 5 F - ] L; weE T .=
+ . N - e n o T —— . ]
stronger selection 5 o . - R e —
2 [ " T 7 = f eHezmas :
! = — e 3 “F 1
Fo— T  g— e = 20 _p Horz ok =
- ___,.—F—'_ 1 5 3
o ATLAS = o A T.I'.fﬂ.S: E
i preliminary- - preliminary
T TV R 1/ R IV R T VB b VR T4 U™"F00 250 300 450 400 450 500 B50 GO0
Higos Masze [Gay] Higgs Mazs [Gal]

Selection efficiency as a function of the Higgs mass, for each of the three decay channels.

%3.5 T T T T H%ﬂ'—'—r‘— o 380 A BN A e B H'&"fﬂ T
= < dp ne 2 mass constraint - & i Ao s 2 maee conalraint % ]
g 3—  ®  &pwith Zmass consirain ,L —: 5 3 ® e with 2 mase corstraint .
IE L % [ f ]
& 25 : i = £ 25 5 : =
L - . T -

C ] i ] ¥ ]
2 ¢ . t - 2h i .
r ] ] - _
1.5 ATLAS B 15 ATLAS =
L l l I l |pre'“]|.nina’|.y ] .-. Pl I PR PRI Ere..ﬁﬂﬁngfy._

1 120 130 140 150 160 170 180 D) 130 140 150 160 170 180
Higgs Mass {Ge\Vv]} Higgs Mass (Gay)

Mass resolution as a function of the Higgs mass. Open circles denote the resolution
Z mass constraint improves resolution.
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Higgs — Z7* — 4]

* Main backgrounds: ZZ (irreducible), tt, Zbb (reducible) > """ T T T T T T I T T IR TR TR T
« Main experimental tools for background suppression; @ 16 B H>zz">4 L =10 fb1-
) . : . © [z ATLAS .
- lepton isolation in the tracker and in the calorimeter 2 45
- impact parameter § 12 u Preliminar
@ y

Updated ATLAS and CMS studies: 10
« ZZ background: NLO K factor used
«  background from side bands

b= )

250 300 350 400

M(4l) (GeV)

2 L
-g 12 N 8 [T T T T : .
£ S [ Ll ATLAS

- " o | m4u |
_:E_; 10— B Higgs = v 2e2u '[ L=30 fo
%‘ - - ZZ % ® Total
3 St g

=2 VE =

8 o Ozoo - ]
T L L _
8 [ - :
© 4 ] i
g [ CMs i ]
o 2 ..
& L L Preliminary |
° C C . . . . =
o 00 50 100 150 200 250 100 200 300 400 500 600
Z 4 lepton invariant mass (GeV) Higgs mass [GeV]
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/.7 background estimation

What is the expected number of ZZ background events under the signal region?

a  direct simulation ZZ—4l process :

$large uncertainties theoretical knowledge, MC modelling detector acceptance
©statistical precision “only” limited by Monte Carlo statistics

———

161 M H>zz>4 .
Wz

W ma

-t =

@ control samples :

Events/(5 GeV)

©full cancellation pp luminosity uncertainty

@reduced sensitivity to theoretical and experimental uncertainties e o —
normalization to single Z data normalization to sidebands R
5 A
signal region __ sidebands 350 400
(0 2z-u€a | Ldt) N estimatedbig = X210V observed big M) GeY)
R=
signal region
{JZ—mEz]I Ldt) e N expected bkg
Mc ideband. :
N copectedbig Side bands
“theoretical uncertainty : 2— 8% % theoretical uncertainty: 0.5- 4%
“statistical precision : high thanks to | statistical precision : available statistics
large statistics of Z —/+/- data in sidebands limiting factor?
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Vector Boson Fusion qq H

Motivation: Increase discovery potential at low mass
Improve and extend measurement of Higgs boson parameters
(couplings to bosons, fermions)

HO

Established (low mass region) by D. Zeppenfeld et al. (1997/98)

Earlier studies: R.Kleiss W.J.Stirling, Phys. Lett. 200 (1988) 193;
Dokshitzer, Khoze, Troyan, Sov.J. Nucl. Phys. 46 (1987) 712;
Dokshitzer, Khoze, Sjéstrand, Phys.Lett., B274 (1992) 116.

WW, ZZ fusion =9

Distinctive Signature of:

- two high P; forward tag jets Rapidity distribution of jets in tt and
- little jet activity in the central region Higgs signal events:
= central jet Veto
0.05 _
0.04 |-
_ . 4
: Higgs tt ,
O Higgs 0.03 :— t
decay -
Tag jets 2 F i
= products »
¢ 0.01
o _—IF'I'T-‘JI T AR R R :‘T"l"'l-’
-4 -2 (0] 2 4

N "
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H — WW(*)

Interesting for 2M <M <2M ; where all other decay '

modes are suppressed.
Signature is ey (orlqq) + £,

Three channels:

« -H-WW—evuv(H+jei)

c -HoWW-oevuv

VBF (H+2jet)

s -H--WWolvggqg
*  (only for Mg=300 GeV)

Measure of spin and CP properties possible

Jor heavy H - WW — lvgq

'_FJE*I

0.1

(.01

0.001 F 7

0.0001 ARG

BR(H)

L] b VI E |

i

100 130 160 200

- 300
My [GeV]

500

700

1000

Comments:
- No mass peak =P use transverse mass.

My = (B4 B - G 47
- High backgrounds: WW, Wi, tthar, Z 221, bb,cc,QCD multijet

Kétévi A. Assamagan

ICTP Trieste, 09-10.12.08

Evaluation of the
sensitivity expected
very soon.
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H— WW — v iv

—-H — WW*
99 aqH — qq WW*

— 8v 8v
— qq €v 8v
* Large H - WW BR for m, ~ 160 GeV/c?
° Neutrlnos — NO Mass peak, 140 :—I IC.l\/I1SI fll,:lllslir:'ulllatli(;r:,I|_I=I1(.)flbi1II —e— Signal+Background . ) )
° Large backgrounds: WW, Wt’ tt 120 :_ H— WW- 2|, m;=165GeV DAIIbal:kgmunds Se|eCtI0n Crlterla .
- All selection cuts [C]ww . Lepton PT cuts and tag Jet
e _ 100 ] o requirements (An, P;)
TWO main dISCI’ImInantS 80._ + i .wz*zzoggWW i ° Require |arge mass of tag Jet
- H { “ NLO cross sections System
(i) Lepton angular correlation 60 + { 3 « Jet veto (important)
4o +_H { + 3 + Lepton angular and mass cuts
L g owt + ap 2 ]
_ -"'__.—e?_’_‘ ----._--_’-.'Z;'/l = =)= .
v~ W- Vl % 20 40 60 80 100 120 140 160 ;eo My = \/(E¥+E¥”)2—(ﬁ+“+ﬁT’”“)2
Il
&:_; E I—ﬂgqbauﬁenu rn‘.’—'IGD Gev o
.. . . = T £ ot + Wi backaroun a)
(i) Jet veto: no jet activity S 1 | o v ensamens
in central detector region = E
g"t:l 7S —
Difficulties: %'" - | ATLAS
(i) need precise knowledge of the backgrounds B E
Strategy: use control region(s) in data, %2 =
extrapolation in signal region =
(ii) jet veto efficiencies need to be understood for 9= =
signal and background events Ex
— reliable Monte Carlo generators, data driven- o Lo
background normalizations = =0 e S MT?(gewczzfc
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Vector Boson Fusion gqq H(— tr)

* High BR in the low mass region.
* 3 channels: ll, lh, hh (65% of tgives hadrons)

SELECTION

+ Trigger: 1solated electrons (p) with p;r>22 (20)GeVic (e-10% )
r +Em (£~3.7%) for the hh channel

+ Isolation cut

* Likelihood exploiting the shower shape and the track quality to
separate rand jet.

+ b-jet veto to kill 1+ jets)—lvb Ivb (+jets) (background for the 11
channel)

+ select highest E_ jets in opposite hemispheres

(.01

0.001

(L0

; W e
i | i 't 1

BR(H)

100 130 160 200 300

B0 700

L0

Kétévi A. Assamagan

ICTP Trieste, 09-10.12.08

+ Central jet veto Mp [GeV]
BACKGROUNDS MAIN ISSUES:
L — TT+ jJets - Discrepancies in Monte Carlo generator = impact on veto efficiency
« W— v +jets - Pileup = impact on E™ and jet veto
. it+jets - Estimation of QCD multi-jet = no sensitivity vet on /i channel
* QCD multi-jets for the i channel
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Vector Boson Fusion qq H(— tr)

qqH — qqt7
— qq fvv fvv
— qq tvv hv

— LI L B B I B L

Experimental challenges: %14 - ATLAS

¢ In-time pileup, out-of-time pileup, underlying event. 2P _ VBF H(120)—=11—lh
- test simulations & use vertexing for the jet %10 E =14 Tev, 3015
- calorimeter timing 2t
- early data underlying event measurement s

* Identification of hadronic 7 6

« Good ET'mSS resolution (since there are neutrinos...) p E

* Knowledge of the Z — 11 backeround shape in the
high mass region: use data Z — pp to emulate it!

%0 80 100 120 140 160 180

m;. (GeV)
. . &0 prrrer e e
Higgs mass reconstructed using the angle @ 9k ATLAS E
between the two T and the collinear % ok Ns=14TeVv, 30" 3
i ion: = w|l-channel E
approximation: el = Ihchamnel 3
o = iy [sqri(X;X;,) Vi 3 — combined 3
with X;=Py(l,)/IP{(T;) <« 3 . e . ]
el S S F E
p w4F L 3
'E\" T,miss E o 3
™ 3 . B L -
5 3 F .’f - =y ’ h B ]
w 2| F " " 3
- Preliminary 3
:I i II iidi I I | il II I I iidi I I | il II i l'l-

105 110 115 120 125 130 135 140
m, (GeV)
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Nevts (30fbY) / 5GeVic?

T
[
CMS
4_
3L
of
1=
O g

e, e
-+ == signal (135GeVic?)

EW/QCD 2t+jets
= tthar W+jets
-------- Fit to Signal
-------- Fitto Zfy* (— 21)

j| =—=— Fitto tthar W+jets

Sum of fits

M,, [GeV/c
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ttH — ttbb

Complex final states: H— bb,t — bjj, t— bA

Main backgrounds:

- combinatorial background from signal (4b in final state)

- ttjj, ttbb, ttZ, ...

t— blv,t — ba
t — bjj, t— bjj

» Updated CMS study (2006): ALPGEN matrix element calculations for backgrounds

— larger backgrounds (ttjj dominant), experimental + theoretical uncertainties, e.g. ttbb,
exp. norm. difficult.....

M (bb) after final cuts, 60 fb

- no N
[$)) (=) [$))
T T T T T T T

# events per 20 GeV/c?

_
o
T T

0 50 100 150 200 250 300 350
Higgs mass [GeV/c?]

Signal events only
Kétévi A. Assamagan

# events per 20 GeV/c?
o o W
(o]
g
T

w

a1

(=}
I

(=]
(=]
T

—_
o o] (=]
o (=] (=]
T T T[T oT

[
o
T T

O_A

—ttH 115 ]
S ttN E
= ttbb :
=tz

0

50 100 150 200 250 300 350
Higgs mass [GeV/c?]

.... backgrounds added
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LHC discovery potential for 30 fb 1

O}
% 2006 CMS, 30 fb” ‘Qa 1
o = f CMS
= o
S0} S /)
ot :
© 10| / E
K factors included B \ / 1
—=— H—yy opt O \ /
e HZZ 4 > T .
—s— H->WW-—-2I2v . g - —e— Hoyycuts .
== qqH, H=WW—hijj c —=— H—yy opt
—e— qqH, H—tt—l+jet E s e HoZZ4l N
i ey a3 | - H—>WW—>2I2v ]
1IOO 200 300 400 500600 . ! ]
100 200 300 400 500 65)0
M, (GeV/c?) M, GeV/c

» Full mass range can already be covered after a few years at low luminosity
« Similar performance in ATLAS
» Several channels available over a large range of masses

Vector boson fusion channels play an important role at low mass !

Important changes w.r.t. previous studies:
*H—yy sensitivity of ATLAS and CMS comparable
« ttH — tt bb disappeared in both ATLAS and CMS studies
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The Extended Higgs Sector

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08
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MSSM Higgs

a0

I I 1
) ) ) My [GeV
* One doublet of Higgs pseudo-scalar fields is replaced with two: ,f £ | L
S =
- One couples to up-fermions and has vev=y, a0 f- E
. AN [f = 3 =—
- One couples to down fermions and has vev=y; tan A = 30) -

2000 e E

* 2X4-3=5 physical scalar fields/particles: /i, H, A, H=

L0

*Properties at tree level:
- fully defined by 2 free parameters: mi 4, lanfi=v /v, Hep
- CP-odd A:

never couples to Z or W; y

decays to bb, r7(and additionally 7t for small ran/f3). :,[1._3[;" A -
- CP-even h and H: M,y [GeV]

SM-like near their mass limits vs m1,;

at large tanfl enhanced coupling with down fermions,

i
e

suppressed couplings to W and Z.

sF
- H* “strongly” couples to th and 7v b cMSSM
- All Higgs bosons are narrow (I'<10GeV) i
Includes:
Rl - WMAP
12 -b— sy
é -4,

We choose the benchmark scenario m:,"“* corresponding
to maximal theoretically allowed region for m;,

100 200

(). Buchmiiller et al., arXiv:0707.3447
T

my, = 110 (+8) (-10) = 3 (theo) GeV/c?
....watch the low mass region !
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] OO NDOO

OBEER

N

Discovery potential for SUSY Higgs bosons

CATLAS
SLdt=300.1b™"
Maximal mixing
| «— A, H, H+ cross-sections ~ tan?f
vvvvv - best sensitivity from A/H — tt, Hx — 1v
(not easy the first year ....)
A
HH - A/H = nu experimentally easier
1 (esp. at the beginning)
>
S50 100 150 200 250 300 350 460 450 S50C Here Only SM_IIke h
ma (GeV) observable if SUSY
_ particles neglected.
4 Higgs observable
3 Higgs observable _ _ _ _
2 Higgs observable * Validated by recent ATLAS and CMS full simulation studies *
1 Higgs
observable

Coverage in the large m, wedge region can be improved (slightly) by:
- Higher luminosity: sLHC
- Additional SUSY decay modes (is however model dependent)
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A/H — uu

At high tanp the associated production with a b *Decay prohibited in SM
quark is enhanced respect to gluon gluon fusion «Fnhanced in MSSM
*Clear signature!
b P[] ST 111 ])] ] S—— : an :
*Direct mass measurement (no E;"%5)!
—
L I EEEL LR H
= % Background rejection:
b —— r m—d— h . a . . . -
" ua & - Additional jet required => kill Drell-Yan
- muon isolation
- b tagging (based on longitudinal impact
a) » backgrounds o parameter and secondary vertex)
P < - reject large E*" (against tthar)
i gy B lea i 1wtz - jet vetos
L - -
q u g rrresEe a.a S e, /,IJ
% %.1 i 64 % bTAGG]_PiG EFFICIENCY ATLAE T
-8 E 10 = QITL s wsans light jets from bba |
E _? i - —— bejats from bba =
c) d} " u ?ﬂi F g 1 o light jets from tt 3
W . - < -~ E i ®  b-jets from i ]
J— - : E
g v = ]
- i T e S s o - ’
t T - = & —
b @ v E . s
) . o Ann
WW and ZZ backgrounds are expected small. 20 -10 30 40
30 impact parameter + secondary vertex weight, IP3DSV1
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Entries / (4 GeV)

events / 1 GeV/c?

2500F ] N 1, O -toppairs T T T =
soft btag. B Zob . b :
I T owsow . Excellent dimuon
[ signal 1 Mass resolution
1500 CMS; 30 fb™ z - i
] w.we 1 ESsential. Measure
to0o Gyt B = e 4 \\jdth and tan(beta)
1anp = 40 - i M, = 200 GeV/c ;
o CMS: A/H — uu R 7
FI poapogey g goape peltog geg got] guepgeaptifiigy gog Jog g \:
0™ 20 140 160 180 M;U?GEV/CE)?U 100 150 200 250 300 3’39169\/.(;;?0 %EU:I T TT T T T T I T T T T[T T T \"" | \Alﬂ'lds\ \:
) L : o -
8 5 5 discovery contour /j 1
. . ] = CATLAS - > ol — ., ATLAST] 270 i enn &
10°F | O b-jet | . T0= 3 % 10°c] 21 b-jet | I g”fﬁ . § § [ M "seenano «;./'/‘
..... = +| e E ','
5 1,= 150 GeV oo v : = P Z+bJje15 ] P4 4 ]
104 ™ . - E & 10*E preliminary L WW E &0 L=30f
] = DO2 tt ; %30-_ 1
e 10 i 1 8%
._m, =150 GeV r
- b | - __m,~200 GeV _; 20:— R e Withoul Systemalcs ]
= M m,=300 GeV 3 I — Wih Experimental $ystematcs
o 4 10 ;
10 = r Theorefical Uncertainty
U-Illlllllllllll‘I\Illlllllll\llll\l‘l\\\-
1 T LT T 0 100 150 200 250 300 3K0 :100((39:})50
A

My (GeY)
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H—tt (— 1)

SELECTION. BACKGROUNDS:
*Trigger: isolated g(e¢) with py>20 (25)GeV Il two isolated ¢ |l or *Drell-Yan
one e & one y L —ee
* b-tagging on at least one jet to suppress light jets Z>TT
» Cuts on missing E, , b momentum , lepton momentum, number it
of jets ( <3) to reject Z and #f backgrounds W jets
* Collinear approximation
Z. estimated from data!

» Studies ongoing on hadronic 7 decay mode
» Mass reconstruction as for SM VBF H— t7

< U BN B ELA N B | RN SR -."ELEG_'"I""|""I""I""j.r""' .
3 400 - | MHsw 1 & | ATLAS \s=14TeV,30fb' - N
E ZoTT = ha C s e
w 35- IR S0 pb hHIAsTT— 2 1+ 4y - E
= 30k [JZ—ee 3 4[]: ]
r limi v tth . — H ]
“‘I‘E’ 253_ preliminary -Wﬁ;ts _E E 5 ¢ Discovery E
gl F 3 30 —
"g 205_ m,=130 GeV E B M scenario |
w ul t =20 = r .
@ 15§ 2np E 233_ _ —— Exp. Systematics only
S 10- ATLAS E 105 ----------- +10% o(tt) Uncertainty 1
5;— p— —; - Theoretical Uncertainty -
C — —— |_ I B RS RS RS S SAE RS RS

DD 50 100 150 200 250 300 0 150 200 250 300 350 400 450
m., [GeV] m, / GeV
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Charged Higgs

_ DECAY MODES:
tt — BHTBW — bt(had)vhiv H* — zv

H" — tb

it — bHTBW — bt(lep)vbgg

« High tanp well covered already

= with 10 fb-1
it — bHTHW — br(had)quq - Intermediate region hard to

reach (only exclusion)

50 discovery sensitivity 95% C.L. exclusion sensitivity

CDF Run i §
Excluded |

m(H*) > m(top) q

g

‘ R
gg/gh —1[b|H" — bgq|bt(had)v o
/ BHT mh(max .
gg/gb — 11b|H™ — 1[blib — bW [BBW b — blv|h|bggh ATLAS
Freliminary
% 110 130 150 170 20 20 a0 00 @ 10 130 10 170 20 20 a0 800
m [GeV] m, [GeV]
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Invisible Higgs decays ?

Possible searches: ttH — fvb qqb + P Mss

ZH — o + Pmiss
qqH— qq  +P;m

Ho

- J.F. Gunion, Phys. Rev. Lett. 72 (1994)
- D. Choudhury and D.P. Roy, Phys. Lett. B322 (1994) -
- 0. Eboli and D. Zeppenfeld, Phys. Lett. B495 (2000) WW, ZZ fusion

All three channels have been studied:
key signature: excess of events above SM backgrounds with large P;™ss (> 100 GeV/c)

SenS|t|V|ty 52 = Br(H — In'v.) Ogq—qqH

Taqsqqit|sm Problems / ongoing work:
o J Comparison of the discovery potential for different channels L
oI T = A * ttH and ZH channels have low rates
° _.-A-ZHinvv ! 95% CL X
--| ==ttHinv

» More difficult trigger situation for qqH

|- VBF

________ * backgrounds need to be precisely known
(partially normalization using ref. channels
possible)

* non SM scenarios are being
e T studied at present
first example: SUSY scenario

ATLAS preliminary




Invisible Higgs decays ?

.2 . Opsns
& =BR(H — inv.)

Higgs—Lightest Susy Particle 20 Osns
:'_j' - AVEBF Shape Analysis N
Two production modes analyzed: B 200 =FZH Beosted Decisicn Tree Analysis ]
- S
* Associated production ZH. C ATLAS ]
- Background from ZZ—llvv. 150 b ]
- Too much backeground to analyze WH. C ]
* VBF. 100 ]
- Backgrounds from QCD-dijets, W+jets and C - T A
Z+jets, when leptons are outside the detector - . A ]
acceptance or Z — vv. 20— & & ]
Cantion: there could be nonSM backgrounds... § T T T T -
Missing energy 1s crucial P00 720 140 160 180 200 220 240 26

Higgs Mass [GeV]

Associated production: /~t )
sy ! . |
H— %%’ recoiling o |
against Z —l/l N »
.\- ‘-.[ -.“;;’
\\__ -~
- -
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Higgs decays via SUSY particles

If SUSY exists: search for
H/A = %" — 0 8 gb—>tH*, H* — X2,30 X12° — 3¢ +Emiss

T H = ATLAS 30" ]
45 g 30+ é
535 i : il
w n'g M,—
30 % Mg; : gb%tH, <
25 |+ 4 i |
= CMS, 100 fb™' sl b H 57,71 00s = 3HN
20 /E maximal stop mixing 5¢ S )
15 *r
) A, H—=> X500 —> 4 lept 3l
0 E== TT —>|+T—jet+X, 30 fo~’
5 E . il
100 200 300 400 SOTOXC‘JC‘ZS(;)),»F;OO 800 900 BRI [P S I S PR B
ma (CeV) s To0 150 200 250 300 350 400 450 500
mA(GeV)
CMS: special choice in MSSM (no scan) ATLAS: special choice in MSSM (no scan)
M, = 60 GeV/c? M, = 60 GeV/c?
M, = 110 GeV/c? M, = 210 GeV/c?
uw = -500 GeV/c? uw = 135 GeV/c?

m(s- £ g) = 110 GeV/c?
m(s-tg) = 210 GeV/c?

« Exclusions depend on MSSM parameters (slepton masses, m)
* More systematic studies are needed (initiated by A. Djouadi et al., also started in ATLAS)



Updated MSSM scan for different benchmark
scenarios

Benchmark scenarios as defined by M.Carena et al. (h mainly affected)

ATLAS preliminary, 30 fb!: 50 discovery

MHMAX scenario

MHMAX scenario (Mgusy = 1 TeV/c?)
maximal theoretically allowed region for m,,

Nomixing scenario  (Mg,gy =2 TeV/c?)
(1TeV almost excl. by LEP )
small m, -> difficult for LHC

Gluophobic scenario (Mg,sy = 350 GeV/c?)
coupling to gluons suppressed

(cancellation of top + stop loops)
small rate forgg 2> H, H> yyand Z>4 {

. Small a scenario (Mgysy = 800 GeV/c?)
U adwanont coupling to b (and t) suppressed

(cancellation of sbottom, gluino loops) for

large tan f and M, 100 to 500 GeV/c?

e
M, (GeV)



Higgs search at the LHC in CP-violating scenarios
- Tree level CP of Higgs Potential in MSSM may be violated sizably at higher orders by loop

effects involving CP-violating interactions of Higgs to stop and sbottom

stop

- CP eigenstates h, A, H mix to mass eigenstates H,, H,, H,

- Effect maximized in a defined benchmark scenario (CPX)
(M. Carena et al., Phys.Lett. B 495 155 (2000))
arg(A,) = arg(A,) = arg(Mgin,) = 90°

my,, = 169.3 GeV/c?

LI B —TT

- No lower mass limit for H,
from LEP !
(decoupling from the Z) 10

>
details depend on m,,, and on

theory model |
(FeynHiggs vs. CPsuperH)

Theoretically

CPX Inaccessible ]
0 20 40 60 80 100 120 ]40
my,, (GeV/c)

m 4
1GeV]

105 —

40 —

h

My, = 174.3

Excluded
: by LEP

1 F

.

CPX

GeV/c?

Theoretically
Inaccessible

0

20 40 60 80 100 120 2140
my, (GeV/cT)




MSSM discovery potential for the CPX scenario

ATLAS preliminary (M. Schumacher)

% 3 % 6 X KR
4 2
5 30 :: s 4 X K
E:, 50X 5000
5
3
A
g
D‘.
A
6 "\
5 \
; }\\ 4 N ;
7] H™ N
3 N
N H, and/or H,
2
excluded by LEP S
o
theoretically inaccessible theoretically inaccessible
! 100 200 300 400 500 600 700 800 %00 1000 130 135 140 145 150 155 160 165 170
M, (GeV) M. (GeV)

 Large fraction of the parameter range can be covered,
however, small hole at (intermediate tanp , low m,,) corresponding to low my,

* More studies needed, e.g. investigate lower H, masses,

additional decay channels:
tt — Wb H*b — fvb WH.b, H, — bb



Higgs Property Measurements
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Higgs Property Measurements

 [If a Higgs-like particle 1s discovered, its properties
must be measured to establish its nature:
— Mass
— Couplings to fermions and bosons
— Spin and CP
— Higgs self coupling
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Resolution [GeV]
w
[ ] N

ra
n

1.5

Higgs mass measurements

* Higgs boson mass can be measured with a precision of 0.1% over a
large mass range (130 - ~450 GeV/c?) (yy and ZZ— 4£ resonances,
el.magn. calo. scale uncertainty assumed to be + 0.1%)

O 41 no Z mass constraint

® 4l with Z mass constraint

Kétévi A. Assamagan

[N AT R AN N B SN R B SN A A
120 130 140 150

| | ] & [ e e e
1 & 20F Mz ATLAS
1 9 18
¢ 1 o 8 Mz JL:GDTb"
1 % 16E I 2bb
LI -
9 1 o 14F .
0, 1@ Preliminary
¢ 1 10F
I 3
Preliminary 3
ATLAS ]
IIIIIIIIIIIIIII_ E
160 170 180 foo 110 120 130 120 150 160 170 180 190 200
Higgs Boson Mass m, [GeV]
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Higgs couplings measurements

« Different quantities can be measured depending on
assumptions:

— CP-even, Spin 0 implicit in H -> WW event selection. Measure
only the rate: c*BR

— Assuming only one Higgs boson, no degenerate Higgs pair, extract
relative branching ratios

— Assuming Standard Model couplings, no extra particles, or strong
couplings to light fermions: extract ratios of Higgs couplings

— Assuming that the sum of the visible branching ratios is the same
as in the SM: extract absolute couplings
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Higgs couplings measurements

Global likelihood-fit (at each possible Higgs boson mass)
Input: measured rates, separated for the various production modes
Output: Higgs boson couplings, normalized to the WW-coupling.

Channels used in coupling fit:

Production Decay Mass range

foor, GF: H — ZZ% — 4] 110 GeV - 200 GeV
‘w7~~~ Gluon Fusion | H — WW®™ — [yiv 110 GeV - 200 GeV
g (gg — H) H —s ~~y 110 GeV - 150 GeV
~_/_~— WBF: H — ZZ® — 4l 110 GeV - 200 GeV
RN Weak Boson | H — WW®™ — [yly 110 GeV - 190 GeV
w.z  Fusion H — 77 — lvvive 110 GeV - 150 GeV
T (qq H) H — 77 — lvv hadv 110 GeV - 150 GeV
H — ~~ 110 GeV - 150 GeV
g 3 ttH H — WW®™ — [ply (lv)| 120 GeV - 200 GeV
- H — bb 110 GeV - 140 GeV
g 7 H — 77 (not included) 110 GeV - 150 GeV
H — ~y 110 GeV - 120 GeV
y woz.— WH H — WW®™ — [piv (lv)| 150 GeV - 190 GeV
:?' “““ N H — vy 110 GeV - 120 GeV
S ZH H > vy 110 GeV - 120 GeV
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Rate Measurements

 sisemsmims. — o{VEF) * BR(H — 1) =
g e 1" BF C —— a(VEF) * BR{H— WW)}
gF = o E:rIH} BB:l?II'IH—‘_:; $b] gﬁ 14— ATLAS oiggH) * BR{H— WW)
e 1.8— e R \ . —— G(VEF} * BR{H—+ 2Z)
= ATLAS AR B P 4 [Fesoon omi 7
B T o{WH) * BR(H = v o L dt=30 fb ensnn fttH) * BR{H— WW)
1-4—_ o I ETrIrr GIZH) * BR(H— v = = cmems WH]) * BR(H= WW)
~ | Ldt=301b n
12 -
= 0.8—
1= -
- — " ATL-PHYS-2003-030 -
08 i e 0.6/
o
0.2— T
- —_—
) =PI RPN IPRPIVEPIS EPEPIIVEL PSP PPN NP FIIPIN I B ) SN EPE U PSPV SR EPEPPITE PR I IR B
110 115 120 125 130 135 140 145 150 110 120 130 140 150 160 170 180 190
m, [GeV] m,, [GeV]

pLeft: for My<150 GeV, rates can be measured
with an accuracy typically between 30-100% with

30 fb* of integrated luminosity
®This assumes a 5% uncertainty on the luminosity
measurement.

»Right: for channels that can be seen in the mass
range 110<Myu<190 GeV, error is smaller

Kétévi A. Assamagan ICTP Trieste, 09-10.12.08 66



Ratios of partial widths

» Assume only one Higgs 3. /T
> [ ATLAS —z' W

» Total width cannot be Z|-oer T /T
measured due to detector ¢ JLdt=3U b oW
resolution. S I/ Ty
0.6/ ithaut syst. uncenalnty

» H->WW used as
normalization since it is

measured with the 04l
smallest error

»Right: with 30 fb™* of
integrated luminosity,
ratios of partial widths can ot
be measured with an ‘

.
\\'.

ATL-PHYS-2003-030

U_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

accuracy better than 00% 110 120 130 140 150 160 170 180 190
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Ratios of Couphngs

» Assume no unobservable

S|z |2 2
decay modes, etc. i% L | gg;:’f}); gz{(:;::;)
» Cross-sections and 3z | e ;H’b) .-gg-[;;m
branching ratios are A5, [ S |
proporti_onal to the squares } | — P —
of couplu.lgs | 7\ ATLAS
bPropo;tlonallty constants, |\ J‘ p—
along with systematic C A
errors, are computed from oal- Y Y
theory ¢
»With 30 fb™" of integrated -
luminosity, Ratios of Higgs - |
couplings can be measured | ATL-PHYS-2003-030
with an accuracy ranging e e
from ~20% to ~100% Thi
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Absolute couplings

< I % —
.. . ; ;:‘" B ‘"'f —ng:ﬁj
» Additional assumption: Y%.ef i | P

sum of visible branching
ratios (H>WW, ZZ, plus yy,

,,,,,,,

77, and bb, depending on 1.4
mass) is the same as in
Standard Model, with an

error corresponding to the 1
sum of undetected -

ATLAS

I L dt=30 fb™

0.8
branching ratios [
0.6
»CouplingstoZ, W, and 04l

can be measured with a

precision better than 100% %%
- ATL-PHYS-2003-030

Dol b bon b b e b b b

110 120 130 140 150 160 170 180 190
m,, [GeV]
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Spin/CP measurements

The SM Higgs is CP even scalar (spin 0). Spin information in its
decay products. The Z bosons from Higgs decay are polarized.
Polarizations depend on Higgs mass. For m;>300 GeV, the Z's
mostly longitudinally polarized

In the center-of-mass frame of the Z, longitudinal and transverse

polarized Z bosons lead to different angular distributions of the
decaying leptons:

dl” -. .,
(Z, > £L)o<sin” @
dcos@ '

dr

(Z, — €€)oc1+cos’ @
dcos@" _.

See the talk by Biswal in the contributed session yesterday
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Spin/CP measurements

The decay planes of the 2 Z’s are expected to be correlated, due largely to
the transversely polarized Z's. For m;>300 GeV, correlation would “disappears”
as the Z's becomes longitudinally polarized

»In H>/727->41], extract spin information by
measuring decay angles in Higgs rest frame
e Focus on My>200 GeV
» Three discriminating variables («, 8, and R),
obtained by fitting to angular distributions:
® Decay plane angle ¢: F(¢)=1+4+x cos(¢p)+B cos(2¢)
e Polar angle 9: G(0)=T (1+cos?0)+L sin?o
R=(L-T)/(L+T)

»Test for:
eSpin 1, CP +1
eSpin 1, CP -1
e Spin 0, CP -1

Aspects of CP-violation in HZZ coupling, R. Godbole, et al, hep-ph/07080458
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Spin/CP measurements

Parameter R

SM-Higgs

Spin1,CP + 1

Variation of o, B, and R parameters
with the mass of the Higgs

[C.P. Buszello et al., Eur. Phys. J. C 32, 209
(2004)]

o, B and R are simply parameters that
characterize the correlation between the final
state products

Hackground

B: ro i
Spin 0, CP -1

L 1

350 a00

H

Parameter o

TN Spin1, CP +1

w - SM-Higgs

Spin1, CP+ 1

0.0z

0015
o.01

0005

0

Spin 0, CP -1

Spin 0. CP -1

Spin 1, CP -1

1 M 1 2 1 M 1 M 1 M 1
200 250 00 aso 400 450

[Polarisation of the Z Bosons from Higgs decay (100 f5") |

95 f
= 3 1} - SM-Higgs
= — L]
E os[ _
% = E3% ¥ i+ sSpin1,CP =1
.. Expected Measurement
= % % Jr Spin 0, CP -1
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Spin/CP measurements

Results:

Significance for exclusion of Spin 1 CP +1 - 1o00fb ']

10 ..esse Combinati
[C.P. Buszello et al., Eur. g = Polarisation
Phys. J. C 32, 209 (2004)] EE_
4;_ Plane Angle
: 2
For Higgs masses Iagger 0F—sts TR e [GeV]
than about 230 GeV/c4, a [Significance for exclusion of Spin 1 CP -1 - 100ib" ]
spin 1 hypothesis can be a9 Combination
) 8 Polarisation
ruled out with 100 fb-1. 5
: : a
. A spin-CP hypothes;s of 2 Pl Arisle
0" can be ruled out with 0=-585 550 00y, [GeV]
less than 100 fb-1. Significance for exclusion of Spin 0 CP -1 - 100fb" |
. 35 N
Analysis of H and Z may 930 //\\ Conbjnation
. . . 25 Polarisation
exclude Higgs-like particles 20
. . 15
with unusual spin/CP 10
properties. Not for early data g — —— S.OOF"H'#““E'E T [GeV]
However.
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Spin/CP measurements

» Angle between struck quarks
1n VBF events are sensitive to
tensor structure of HVV vertex
e Typically: P1(j;:2)>20-40 GeV,
An;>3-4.5; M;>500-1000 GeV
PH->717t for My~120 GeV, H>WW

for M;~160 GeV

Kétévi A. Assamagan

fraction of events

fraction of evenis
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0.02f

0.01F

n|.|||| TR P
0 0.5 1 1.5 2 2.5

~ H— WW— livy }
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+
. T
+CPE + -
-+ ++
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Eur. Phys. J. C51:385-414 A(IJ“
4

ICTP Trieste, 09-10.12.08 7



tanf
g &

g

=

L7 £ gy -] 3BDS

b

&

S
1
-

et
I

L

|
e
S

.
+
o

N

Excluding non-SM Higgs

MHMAX scenario

tan 3

30 . - :
[ 230 fb'1
24300 {2100 fo" -
20 | 1 2+300f0" - ]
| I m™* scenario
L
P 3o
I
10 / 1
L g S B m _5_1 30 GeV
8 ‘\ ‘; h ]
7r / T
6 - / 1
5| ;o 1
- e 125GeV
4 _ / S 7
¢ ‘hep-ph/0406323
3 - 5 BTy 1 ]
200 300 400 500 600 700
M, (GeV)

»In some regions of the MSSM parameter space, only

one light Higgs is visible (left)
»Try to exclude MSSM using a 2 analysis of coupling

fits (right)
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Higgs Self coupling

To establish the Higgs mechanism the Higgs boson
self-coupling has to be measured:

Cross sections for HH production:

F'S

mr— FH Mg
4 A S| S / 100
--------------- \ A Y SM: pp = HH +X
Y y > > ; *
small signal cross sections, ! L
large backgrounds from tt, WW, WZ, WWW, tttt, Wtt,... Y
WW:7ZZ=23

0.1
= no significant measurement possible at the LHC v me e e
need Super LHC L =103 cm?sec, 6000 fb"

Most sensitive channel: gg = HH — WW WW — A& jj & jj

6000 fb -1 = AN ! Mgy = 19 % (stat.)  (for my, = 170 GeV)
ANy ! Mgy = 25 % (stat.)  (for my = 200 GeV)
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Measurement of Higgs-Boson Coupling Ratios

assumptions: only SM particles couple to Higgs boson,

no large couplings of light fermions
Fit parameters:

. 2 2 2 2 2
Global fit (ATLAS study) gZ gr gb gt gW
. : 2 2 2 2
(all channels at a given mass point) gW gW gW gW \/ﬁ

Production cross sections
o from theory with assumed

GggH _ aggH ° th uncertainty Aa.

Aty = 20%

Aoy = ay =4%

i Aoy, =15%

Own = Cwn * 8w Aoy =Aa,, =7%
Ozn =0z * g%

b loop neglected for now in ggH

2 2
Oypr =Owr * 8, T %8,

2
O =0 * 8,



Ratio of Higas-Boson Couplings

HE | o"(H.2) / g (H.W)
Nwm“v 1 2 2
O ¢(H) / g'(HW)
-1 N g’(H,b) / g°(H,W
= o
0.8—
i without syst. uncertainty
: ATLAS

0.6~

j L dt=300 fb "

04 -

0 IIIIII]I‘HII'IIIIlIIH‘IIJI‘HIIIIHI]IHI'I!I

110 120 130 140 150 160 170 180 190
m, [GeV]

Branching ratios

2
BR(H — WW) = ﬁwgl{—w

H

g2
BR(H—22) = f, 2

H

BR(H—7yy) = 6,09 ~F,09:) AB=1%

1_‘H
gz
BR(H—17) =4, =
l_‘H
92
BR(H—=bb) =p,=2
L

Rate as function of x;, e.g.

(G * BR)ggH,H%ZZ -
2 2 2 2
gt gW [32 gZ gW

ey VT gw T

(04



