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•• IntroductionIntroduction
•• Go through some Les Go through some Les HouchesHouches topicstopics



CMS underground: CMS underground: EBEB-- Installation Completed Installation Completed (22 May)(22 May)



CMS: HF+   CMS: HF+   
commissioned. May commissioned. May 

HF+ connected to FED’s

March 2008:

CMS is closed and 
field ON.

Taking cosmic data



ATLAS side A (with the calorimeter end-cap partially inserted, the LAr end-cap is filled with LAr)

ATLAS: Calorimeter status, June 07



The first End-Cap Toroid was transported 
from Hall 191 to the outside test station in 
front of Hall 180 where it was mechanically 
cold tested at LN temperature (excellent results)

Now it is at Point-1 and will be lowered this week!

The integration of the second ECT went also
well, and the tests just ended now in Hall 191

ECT-C installation to follow in early July

End-Cap Toroids



Data taking at 14 Data taking at 14 TeVTeV starts starts 
in the middle of 2008in the middle of 2008



Present Higgs mass constraintsPresent Higgs mass constraints

Indirect constraints from precision EW data : 
MH < 186 GeV with Run-I/II prelim. (2005)
MH < 166 GeV (2006, ICHEP06) 

SM HiggsSM Higgs SM SM vsvs MSSM HiggsMSSM Higgs

2007: M2007: MHH <144 at 95% C.L.<144 at 95% C.L.

Direct limit from LEP: MH > 114.4 GeV

2007: M2007: Mtt = 170.9 = 170.9 GeVGeV,  M,  MWW = 80.398 = 80.398 GeVGeV



Exclusions and discoveries for Exclusions and discoveries for 
SM Higgs SM Higgs ……

— 5σ
 

Discovery
--- 95% C.L. exclusion

ATLAS + CMS
preliminary

mH (GeV)

∫
 

Ldt (fb-1) needed per experiment

TevatronTevatron 2006:   2006:   
reported on ICHEP06reported on ICHEP06

1 fb-1

0.1 fb-1



ATLAS and CMS SM Higgs physics:ATLAS and CMS SM Higgs physics: 
luminosity needed for 5luminosity needed for 5σσ discoverydiscovery

ATLAS

PTDR Vol.2. 2006



Exclusions for MSSM Exclusions for MSSM 
Higgs: Higgs: TevatronTevatron 20072007

–– MMAA --tantanββ
 

exclusion region exclusion region 
in MSSM no mix./in MSSM no mix./mmhh 

maxmax scenarios scenarios 
From J. Conway talk. Aspen 2007From J. Conway talk. Aspen 2007



CMS and ATLAS* Higgs studies CMS and ATLAS* Higgs studies 
this year are mostly this year are mostly 

concentrated on reach concentrated on reach 
with < 1 fbwith < 1 fb--11 of dataof data

* This statement is only partially true for ATLAS,  
M. Schumacher, private communication, 

Les Houches dinner, 20th June, 2035



Production Decay

SM inclusive
ZZ(*) → 4 l 07-08* 

WW(*) →2 l
 

2ν 07-08* 

γγ 07-08

SM VBF (qqH) τ τ 07-08

SUSY, gg→(bb)φ μμ 07-08

SUSY, t-> bH±, gb>tH± τ ν 07-08

SUSY  gg →(bb)A/H τ τ 08

SUSY, qq->qqH invisible 08

« Other physics in 07 »: NMSSM, CPV, … < 10 % 

CMS Higgs analyses 2007CMS Higgs analyses 2007--08; 08; * * = LHCC paper= LHCC paper



CMS “Higgs plots” for 
10 and 100 pb-1

do not propagate !



HH-->WW>WW-->2>2ll, H, H-->ZZ>ZZ-->4>4ll and Hand H-->>γγγγ
H->WW->2l 10 pb-1

dots – “experiment”

100 pb-1

H->γγ

H->ZZ->4l

100 pb-1



Program for Les Program for Les HouchesHouches;; 
main topics:main topics:

•• Understanding high order corrections for Understanding high order corrections for 
signal and background and their impact on signal and background and their impact on 
the corresponding kinematicsthe corresponding kinematics

•• Measurement of the background to Higgs Measurement of the background to Higgs 
from the datafrom the data

•• Higgs rates as signal for physics beyond the Higgs rates as signal for physics beyond the 
Standard ModelStandard Model

•• Early ( < 30Early ( < 30--60 fb60 fb--1) non SM Higgs signatures 1) non SM Higgs signatures 
in NMSSM, CPV MSSM, Models with extra in NMSSM, CPV MSSM, Models with extra 
singletssinglets/triplets,/triplets,……..

Going through some subGoing through some sub--topics: next slides topics: next slides ……..



HH-->ZZ>ZZ-->4l; golden LHC mode>4l; golden LHC mode

H->ZZ->ee μμ



The The gggg-->Z>Z(*)(*)//γγ*+Z*+Z(*)(*)//γγ* generator for * generator for 
HH-->ZZ>ZZ(*)(*)-->4l analysis is vital>4l analysis is vital

eeμμ

CMSCMS
at 5at 5σσ

 
sign.sign.

LO(ggLO(gg-->ZZ*>ZZ*-->4>4μμ) / ) / LO(qqLO(qq-->ZZ*>ZZ*-->4>4μμ) ~ 0.2) ~ 0.2
J.J. van J.J. van DerDer BijBij et al. hepet al. hep--ph/9404295ph/9404295

““take in handstake in hands”” gggg-->ZZ generator >ZZ generator 
by N. by N. KauerKauer et al. (1et al. (1stst LH session):LH session):
kinematics , comparison with kinematics , comparison with withwith
qqqq-->ZZ,  effect on discovery;>ZZ,  effect on discovery;
D. Giordano (CMS), S. D. Giordano (CMS), S. HorvatHorvat (ATLAS)   (ATLAS)   

no gg->ZZ generation included



EW corrections to H->ZZ->4l: 
“take in hands” PROPHECY4F (S. Horvat, ATLAS)

A. Bredenstein, A. Denner, S. Dittmaier, M.M. Weber
hep-ph/0604011, hep-ph/0611234
Change in angular distributions : important for CP measurement 

C.M. Carloni Calambe et al. hep-ph/0604033
Effect of QED corrections on Higgs mass measurement 



qqHqqH forever !...forever !...

MH

 

=120 GeV
30 fb-1

H(→ττ→2l) +≥2jets
ATLAS 

ll+jet+jet
30 fb30 fb--11

CMS, CMS, qqHqqH, H, H-->>ττττ-->>l+jetl+jet, PTDR06, PTDR06
full simulationfull simulation



gggg-->>H+jjH+jj ““backgroundbackground”” to to qqHqqH signalsignal

qqH

gg->H+jets (x5)

gg->H+jets with ALPGEN+MLM matching, qqH with PYTHA;
M.V. Acosta and A. Nikitenko arXiv:0705.3585 

MH =120 GeV

Continue for heavier Higgs, comparison with NLO ….
with F. Puccinini, D. Zeppenfeld, …

After experimental like selection contribution is ~ 4-5 % for MH =120 GeV
(see all details Monica’s talk this week)



… other other qqHqqH related topicsrelated topics

• Z+2jet background to H->ττ
 from double parton scattering

– Z plus jj , Z+j plus jj (one jet is lost)
• A. Nikitenko + …

• Central Jet veto efficiency from 
data
– Z+jj

• M.V. Acosta, M. Schumacher, …
– CJV efficiency for signal using 

single top events
• M. Schumacher, …

• Jet veto or track veto ?
– A. Nikitenko, … idea is taken from  

the paper “Rapidity Gaps in Higgs 
Production” by Yu. L. Dokshitzer, 
V.A. Khoze and T. Sjostrand. 1991

Z+jets background from 
double parton scattering
very preliminary
particle level simulation

~20% of
“normal” Z+2j



Hard double parton interactions can produce an 
additional Z+jets background to qqH, H->ττ

 
signal

Z

jet2

jet1

pp
q

q

g
g

σD
(A,B) = (m/2) σA σB / σeff ,  (m=2 for A=Z, B=di-jets)  

σeff =14.5 mb
from CDF: F. Abe et al., Phys.Rev. D56 (1997) 3811

Expectations at LHC:  σeff ~ 20 mb (T. Sjostrand, private communication)

Longitudinal correlations in double-parton PDF can have sizable effect
(Snigirev, Korotkikh hep-ph/0404155, Treleani et al. hep-ph/0507052) 



Jet veto or track counting veto ?Jet veto or track counting veto ?
Yu. L. Dokshitzer, V.A. Khoze, T. Sjostrand Phys.Lett., B274 (1992) 116. 
plots for MH =200 GeV at sqrt(s)=40 TeV (!)

Solid: gg->H
Dashed: VV->H

With UE With UE
pT

ch >
2 GeV

N charged tracks
With UE
pT

ch >
2 GeV

Check with 14 TeV and
present model of UE: 

what is more efficient 
and robust.  Jet veto or 
track counting veto ?



Measure CJV efficiency in Measure CJV efficiency in qqHqqH signal using signal using 
single top eventssingle top events 

M. Schumacher

Why different from qqH ? Need
to be understoodb t

q q’
W

No color exchange as in qqH !



Non SM Higgs physicsNon SM Higgs physics 
(at 30(at 30--60 fb60 fb--11))

•• Higgs sector in NMSSMHiggs sector in NMSSM
–– S. S. LehtiLehti, I. , I. RottlaenderRottlaender, A. , A. NikitenkoNikitenko, M. Schumacher, , M. Schumacher, 

C. Shepherd with S. C. Shepherd with S. MorettiMoretti, M. , M. MuhlleitnerMuhlleitner, S. , S. 
HesselbackHesselback,,……..

•• Light HLight H++ in CPV MSSM: tin CPV MSSM: t-->>bHbH++, H+, H+-->WH>WH11 , H, H11 -->bb >bb 
–– A. A. NayakNayak, C. Shepherd (CMS) with R. , C. Shepherd (CMS) with R. GodboleGodbole, S. , S. 

HeinemeyerHeinemeyer, , ……
•• Emphasis on topologies which require:Emphasis on topologies which require:

–– New triggersNew triggers
–– Dedicated selections and reconstructionDedicated selections and reconstruction

•• ................................................................................................................



““Low fineLow fine--tuningtuning”” NMSSM pointsNMSSM points

q1

q2

H1
a1

a1

τ- τ+

μ-

h+

τ-
τ+

μ-
h+

R. R. DermisekDermisek and J.F. and J.F. GunionGunion
See in CPNSH group report See in CPNSH group report 
hephep--ph/0608079ph/0608079

This point is taken for analyses with 4This point is taken for analyses with 4ττ-->>μμμμjjjj final state (CMS):final state (CMS):
qqHqqH11 and WHand WH11 (motivated by S. (motivated by S. MorettiMoretti et al. hepet al. hep--ph/0608233)ph/0608233)

qqHqqH11 , H, H11 -->a>a11 aa11 -->>ττττττττ-->>μμμμjjjj

Need nonNeed non--isolisol..
didi--μμ

 
trigger !trigger !



The HThe H++ in CPV MSSMin CPV MSSM

LEP Higgs working group, hep-ex/0602042), Mt =174.3 GeV
present Mt =170.9 +/- 1.8 GeV

most promising channel to close the hole is : tt bW bH+, H+ W H1, 
H1 bb final state: 4b 2j l is same as ttH, H bb !
D.K. Ghosh, R.M. Godbole and D.P. Roy, Phys.Lett. B628, 131 (2005) 



tt H+bWb,H+ WH1, H1 bb    (Marc Lehmacher, ATLAS)

reconstruction of 

top quark 4-momenta 

3-fold ambiguity in 

assigning b quarks

to H boson decay

30 fb-1

ATLASFAST



ATLAS: discovery potential in CPX scenario with 30 fb-1

seems quite promising to cover

one of the holes

to do: systematic uncertainties

optimisation of selection

ATLAS scan in CPV MSSM:
M. Schumacher, published in CPNSH proc.



CMS study is on going: 
A. Nayak (TIFR) + C. Shepherd, J. Cole (RAL)
The major background to 2 b-jet invariant mass comes from the combinatorial backgrounds
which may make the distribution very wide and have long tail.  But a clear peak on top of it
helps to  chose the correct b-jet pair for the H+ reconstruction.  

(2 b-jets and W)invm
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(2 b-jets)invm
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all combinatorial
backgrounds included

30 fb-1; PYTHIA particle level plots, assuming εb =0.5, mistagging 0.01.

Full detector simulation and trigger is on the way. 
Makes things much worse …



First Higgs WG First Higgs WG 
““kick offkick off”” meeting today meeting today 

15.00 in Auditorium15.00 in Auditorium

THE ENDTHE END



•• Example II: ZExample II: Z-->>ττττ
 

as benchmark for Has benchmark for H-->>ττττ
–– Rescaling fromRescaling from

30 fb30 fb--11 studies bystudies by
S. S. LehtiLehti
CMS Note 2006/101CMS Note 2006/101
A. A. KalinowskiKalinowski + A.N. + A.N. 
CMS Note 2006/074CMS Note 2006/074

Expected at 1 fbExpected at 1 fb--1 1 

after selections: after selections: 
•• ~ 40 Z~ 40 Z-->>ττττ-->>e+e+μμ
•• ~ 35 Z~ 35 Z-->>ττττ-->>μ+μ+jj (17% (17% bkgbkg))



•• Example III: Example III: bbZbbZ, Z, Z-->>llll as benchmark for as benchmark for bbAbbA-->>ττττ
(and (and bkgbkg. H. H-->ZZ>ZZ-->4l, >4l, ……); ); gbgb-->>bZ(AbZ(A) ) vsvs gggg-->>bbZ(AbbZ(A) ) 
–– Rescaling fromRescaling from

30 fb30 fb--11 studies bystudies by
S. S. LehtiLehti
CMS Note 2006/101CMS Note 2006/101

Expected at 1 fbExpected at 1 fb--1 1 

after selections withafter selections with
double b tagging: double b tagging: 

•• ~ 25 ~ 25 bbZbbZ, Z, Z-->>ee+ee+μμμμ
•• BkgBkg: 4 DY + 7 : 4 DY + 7 tttt~~



hep-ex/0508051, Z->e/μ
 

+ jet

ZZ-->>ττττ: : TevatronTevatron (CDF) (CDF) vsvs LHC (CMS)LHC (CMS)
•• CMS expects ~ 40 events at 1 fbCMS expects ~ 40 events at 1 fb--11; rescaling from 30 fb; rescaling from 30 fb--11

CDF got already ~ 400 events with 310 pbCDF got already ~ 400 events with 310 pb--11 ! Why ?! Why ?
–– obvious reasons:obvious reasons:

•• Softer cuts on Softer cuts on ppTT 
ll and and ppTT 

ττ

–– 10, 15 10, 15 GeVGeV vs. 20, 45 vs. 20, 45 GeVGeV
–– MMvisvis vsvs MMZZ recoreco

•• But CMS has better S/B after But CMS has better S/B after selsel..
–– 6.0 (CMS) 6.0 (CMS) vsvs 4.5 (CDF)4.5 (CDF)

•• LHC has less favorable S/BLHC has less favorable S/B
than than TevatronTevatron::
–– HLC/HLC/Tev(ZTev(Z) ~ 7.5*) ~ 7.5*
–– LHC/LHC/TeV(WTeV(W) ~ 7.5*) ~ 7.5*
–– LHC/LHC/TeV(ttTeV(tt~) ~ 120**~) ~ 120**
–– HLC/HLC/TeV(bb~TeV(bb~inclincl ) ~ 10***) ~ 10***

- 405 events Z->l+jet
- 75 events W+jet + bb~
- 16 events tt~, VV, Z->μμ,ee

* J. Stirling talk at Tev4LHC, ** D. Rainwater et all, hep-ph/0303092, *** E. Norrbin, T. Sjostrand EPJ, C 17, 137-161 (2000) 
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