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« THE HIGGS BOSON & ATLAS




THE STANDARD MODEL

Fermions Bosons

e Standard Model = gauge theory SU(3). % SU(2), x U(1), u C t y
/ o up charm top photon
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Weak interaction o

e 3 families of matter ..‘.{i., K‘i‘n Y’ wioson 7

e Massive W, Z gauge bosons.

e A scalar Higgsfield:
- giving massesto W, Z through the « Higgs mechanism »

- giving masses to fermions through Y ukawa couplings:

| _
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e Higgs boson: excitation of the Higgs field
- it isa scalar boson
- it has specified couplings
- it has unknown mass




UNSOLVED QUESTIONS

What isits mass?

Isthereonly
one?

I Doesit exists?

Does it interacts
with itself?

l

What areits

quantum

number s?

Doesit generate
masses both for
electr oweak
gauge bosons
and for quarks
and leptons?

Experimentsaretryingto answer!



PHESE

e The dlectroweak measurementsare
sensitiveto m,, through radiative
corrections:

LEP limits:
114.4<m, < 1?2 GeV/c?
T
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Theory uncertainty
— Fit including theory errors
-- Fit excluding theory errors
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THE LARGE FADRON COLLIDER

« pp Vs =14 TeV L gesign = 1034 cm2 s°1 (after 2010)
Liniiiag < few x 1033 cm-2s-1 (before)
Note: s is x7 Tevatron, L jesign IS X100 Tevatron
« Heavy ions (e.g. Pb-Pb at Vs ~ 1000 TeV)
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ion-ion, \‘. ... |LHC27kmring (pre'WOU_Sly The LHC machineisfully
p-ion used for the LEP e*e collider) installed and wasready to start

About 100m underground,
near Geneva

operation with single

beams on 10t September 2008.
After theincident happened on
19th September, operations
have been postponed...
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THAEATLASDETECTOR
The ATLAS experiment: 1900 scientists, 165 institutes, 35 countries!

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

1o A

24 m

7000 Tons

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



COSMICS EVENTS

Used for alignment!

Z(m)

"

Cosmics showers
Interactions

in the TRT with
solenoid on

Event with 7 Pixel hits
(overlapping L2 modules)
and 16 SCT hits
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FIRST BEAM-SPLASH EVENT

~ Atlantis Canvas, <4>

&——
ATLAS 2008-09-10 10:19:10 CEST event:Jive

2008-09-10 00:37

LlCan Stream

geometry: <default:
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http://atlas.ch

Thevery first beam-splash

event fromtheLHC in ATLAS
on 10:19, 10" September 2008

first beam event seen in ATLAS ,
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« SEARCH FOR A STANDARD MODEL HIGGS




HIGGS PRODUCTION AT THE LHC

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

o(pp — H + X) [pb]
/5 = 14 TeV
MRST/NLO
my = 178 GeV
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gg fusion processisthe Typical uncertaintieson cross-section

more abundant, followed gg 10 % NNnLO

by the Vector Boson
Fusion process. WH,ZH 5% NNLO

ttH 15% NLO




THE VECTOR BOSONS FUSION (VBF)

Tag jets _-H-iggs decay
HU products
WW, ZZ fusion ¢
Rapidity distribution
Signature: So. — VBF H(120)=1"1 = uu
- Two forward quark initiated “tag” jets (large 7 separation with high-p;) &0 Z(oup) Hets
with large invariant mass M, 2 e
- Nojet activity in the central region (between the two tag jets) : o]}

T

due to color singlet: rapidity gap - jet veto
- Higgs decay products between tag jetsin

Advantages:

* Provides high signal over background ratios

* Improve and extend measurement of Higgs boson parameters
(couplings to bosons, fermions)

« Measure Higgs boson spin and CP properties.
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Many channels explored!
All the massrangeis covered!
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WHICH PARAMETERS CAN WE MEASURE AT LHC?

1. Mass
2. Couplings to bosons and fermions

3. Spin and CP

- Angular distributions in the decay channels:
H—->ZZ(*) > 4¢,H > WW(*), H->tt VBF
are sensitive to spin and CP eigenvalue
- H — vy, if observed, excludes spin 1 (Yang’s theorem)

Not for early data ... needsto find Higgsfirst!

4. Higgs self coupling

Possible channel: gg - HH — WW WW — v jj fv
Small signal cross sections, large backgrounds from tt, WW, WZ, WWW, tttt, Wtt,...

No significant measurement possible at LHC!
Very difficult at a possible SLHC (6000 fb1), limited to mass region around 160 GeV/c?
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DIRECT MASS AND WIDTH MEASUREMENTS

1

&0 O H, WH, #tH {H = ¥7) LT -
= L A WH, ttH (H — bb) i -
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The mass can be directly measured with e e
aprecision of 0.1% over alargerange _

(130 - ~450 GeV/c?)

Thewidth issmaller than the
‘leptonic/y resolution’ for low masses

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



HIGGS COUPLINGS -/

Al * BR)
o*BR

M .Duhrssen ATL-PHY S-2003-030
M .Duhrssen,S.Heinemeyer ,H.L ogan,D.Rainwater ,G.Weiglein
and D.Zeppenfeld Phys Rev D70,113009,2004
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First step: measure o*BR in different channels with almost no assumptions
(uncertainties comes from selection efficiencies, background evaluation)
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HIGGS COUPLINGS -2

M .Duhrssen ATL-PHY S-2003-030

Second step: givethe measured o*BR asinput in aglobal likelihood fit

Output: Higgs boson couplings, nor malized to the WW-coupling

~ ‘ 2 ~t
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de= [ e
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without syst. uncertainty

- /' ATLAS
A det=3oo fb’

Assuming mainly no
new particlesin loop,
expressratesand BR
asafunction of 5
couplings:

Ow 9z 9 Gy 9,
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Relative couplings can be measured with a precision of ~20% (for 300 fb-1)
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WHAT’SNEW IN ATLAS HIGGS SEARCHES?

ATLAS: CERN-OPEN 2008-020

Update on the analysis techniques and the discovery potentials!

Warning: ALL ESTIMATIONS ARE BASED ON 14TeV !!!

« Detailed GEANT simulations of the detectors.

* New (N)NL O Monte Carlos for both signal and backgrounds.

- 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)

- E.L.Berger and J. Campbell, Phys. Rev. D70, 073011 (2004)

- C. Anastasiou, K. Melnikov and F. Petriello, hep-ph/0409088 and hep-ph/0501130

- Resbos, Diphox, Jetphox

» New approaches to match parton showersand matrix elements
- ALPGEN Monte Carlo + MLM matching, M. Mangano et al.
- SHERPA Monte Carlo, F. Krauss et al.

Tevatron data are extremely valuable for validation, work started.

 Better understood r econstruction 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 19



http://mcfm.fnal.gov

 Important channel in thelow mass region.

* [t gives thebest mass resolutiothanks to excellent
electromagnetic energy resolution




