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search for Higgs produced in vector boson fusion processes at the LHC

LHC, ATLAS & CMS

LHC: First collisions 12/2007 (Ecm =900 GeV)
14 TeV in 2008
Initial luminosity: 2-10>/(cm’s) = 10fb™'/year
Design luminosity: 10°*/(cm’s) = 100fb'/year

\\

Not studied for VBF so far !

Two multipurpose-experiments for wide physics range:

ATLAS: All components completed
Installation in cavern well progressed

CMS: Installation on surface completed
<« Lowering into cavern ongoing

Both experiments will be ready for first
collisions on time !
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Experimental Performance

Jet Tagging Efficiency Central Jet Veto

—
—

>\ — H H H H H H
% : 3‘ 09 E_ ° QCD Z+2/3]€t3 .......................
(3] - g . ~ CMS
= 08 — & = 08+ * EW2t+2jet b
LLl | @ ® ° o [ ® .f*.’ - i H—)TT : 5
u [ I ) i 075 - WIbWb
n ® o] - v W+3/4jet3

06 [— g 0.6 i e i 3 e S

i © osf A
- 5° e e e e i W
04 |— R P T P e
B ATLAS ¢ - 1T | S R o= SNV SN S e Al SR O
o [ Prie>20GeV 02
B 0.1 f_ ..................... A e — —
O B | I | I 0 :l i A 11 1 i | 11 | i 11 1 1 i 1 11 1 i 11 1 | i 11 | i
0 5 4 0.4 0.5 0.6 0.7 0.8 0.9 1
n Signal Efficiency

Pt.cut=10 GeV Pt cu=45 GeV

Iris Rottlander Rencontres de Moriond, 21> March 2007



Search for Higes produced in vector boson fusion processes at the LHC
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Search for Higes produced in vector boson fusion processes at the LHC

qq—qqH, HHo11-lh+3v / l1+4v

* Signal peak near Z-peak:
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* Mass resolution (~9-10%) dominated by Pry-resolution
* Significances at 30 fb™":
CMS : T11-lh, Mg=135 GeV = Sig = 3.9 background
TT—eu, Mp=125 GeV = Sig = 4.0 uncertainty 7-10%
ATLAS : T11-1h, Mu=130 GeV = Sig = 4.4
TT—-lh+TT1-ll, M=130 GeV = Sig = 5.7
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Search for Higes produced in vector boson fusion processes at the LHC

qq—qqH, H-WW

W off-shell or on-shell

* Higgs boson mass close to production
threshold = W-bosons have low Pt

* Many & large background processes
(tt+jets, W+jets, Z+jets, WW+jets,
ZZ+jets, QCD multijets...)

* Clean access to Higgs-W-W-coupling
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Example background processes
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Search for Higgs produced in vector boson fusion processes at the LHC

qq—qqH, HH-WW-lvjj

* Significances:

CMS: Sig>5.0 for Mu~140-200 GeV at 30 fb’! background

ATLAS:  Sig=4.6 for My=160 GeV at 30 fb’'
* Mass resolution (CMS) ~14-24 GeV

uncertainty 10-16%
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* Significances:

CMS: Sig>5.0 for Mg~140-190 GeV at 30 fb"
ATLAS: Sig>5.0 for Mg~125-190 GeV at 30 fb"'

qq—qqH, H-WW-lvly

* No mass peak can be reconstructed = transverse mass
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Search for Higgs produced in vector boson fusion processes at the LHC
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search for Higgs produced in vector boson fusion processes at the LHC

VBF & MSSM

MHMAX scenario

Iris Rottlander

* One neutral, CP-even
Higgs boson (h, H)
observable with VBF
at 30fb”' in many
benchmark scenarios

VBF has good chances for
discovering a
supersymmetric
Higgs boson! (if it exists)
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Summary & Conclusions

* VBF important Higgs boson discovery channel at LHC
* Prospects well evaluated by CMS & ATLAS collaborations

* Experimental challenges:
* Forward jet reconstruction
* Central jet veto
* Higgs mass resolution (ETmiss, Jet-P, vertex reconstruction, ...)

* Important decay channels:
* H- 771 promising for So discovery for ~120-135 GeV

* H>WW promising for So discovery ~125-190 GeV
* H-yy : evidence possible at 2-3¢ level

* VBF processes cover tanf3-Ma plane well for many MSSM-scenarios

Main Sources:
SN-ATLAS-2003-024
CMS-TDR-008-2 + cited papers
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BACKUP SLIDES




CMS + ATLAS detectors
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Central Jet Veto

Search for Higes produced in vector boson fusion processes at the LHC

+ Tagging jets
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Search for Higes produced in vector boson fusion processes at the LHC
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