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Key demands on Experiments

Vertex 
identification:
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Key demands on Experiments

Vertex 
identification

Momentum 
determination:

Energy determination:
● Energy resolution
● Stopping power
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● Magnet field (solenoid): 2.6 T 
(inside calorimeter)

● Tracker: Si/multi-wire 
chambers

● ECAL/HCAL: LAr (varying 
granularity)

● Magnet field (toroid): ~4 T 
(outside calorimeter)

● Length : 45 m
● Diameter : 22 m
● Weight : 7'000 t

Magnet Field:

The Large Scale Solution (ATLAS)
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● Magnet field: 3.8 T (outside 
calorimeter)

● Tracker: Si (                     for a 
10 GeV track)

● ECAL: PbWO (                    for 
a 30 GeV        ,                )

● Length : 21 m
● Diameter : 16 m
● Weight : 12'500 t

4

Silicon Tracker:

Electromagnetic Calo:

● HCAL: Sampling (brass 
scintillator,                       for a 
100 GeV           ,               )

The Compact Solution (CMS)



Institute of Experimental Particle Physics (IEKP)12  

                                     The challenge
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Wanted: Higgs Boson (Dead or Alive)

Production: Decay:

Gluon fusion

Vector boson 
fusion

Associated 
production
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A Long Road of Theory Developments

● NNLO+NNLL(    )
● NLO(   )
● Precision 15%

● NNLO(    )
● NLO(   )
● Precision 3%

● NNLO(    )
● NLO(   )
● Precision 4%

● NNLO+NNLL(    )

● Precision 4%

● NNLO(    )

● Precision 4%

production
Single top production

● NNLO(    )

● Precision 5%

● NLO(    )

● Precision 10%

+ additional jets

● NNLO(    )

● Precision 5%

+ additional jets

How this precsion 
was obtained:
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Most Important Decay Channels 
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(CMS   )
(ATLAS)

Significance:

Significance:
(CMS   )
(ATLAS)

(CMS   )
(ATLAS)

Significance:

(CMS   )
(ATLAS)
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4th July 2012
PLB 716 (2012) 30

https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://dx.doi.org/10.1007/JHEP01(2014)096
http://dx.doi.org/10.1007/JHEP05(2014)104
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.012003
https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
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               Decay Channel

● High mass resolution (             ). Simple 
reconstruction and event selection.

● Tiny signal on huge background.

● Decay via loops:
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                Decay Channel

● High mass resolution (             ). Simple 
reconstruction and event selection.

● Obvious signal on small background.

● Most important search channels:

March 2013

Summer 2014
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                  Decay Channel

● High discovery potential, but bad 
mass resolution.

March 2013March 2013
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              Decay Channel
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Six decay modes:

● Search for 2 isolated high      leptons  
(   ,    ,    ).

● Reduce obvious backgrounds (use on 
      ) & reconstruct        .

● Exploit characteristics of production 
mode to increase sensitivity.

   
   

   
   

of
 a

ll 
de

ca
y 

m
od

es
.

              Decay Channel



Institute of Experimental Particle Physics (IEKP)22  

                 decay channel

● Clear signature, high mass resolution, extremely 
small       (→ similar to              ):

● SM expectation:

● Non-universal coupling to leptons!

Parametric 
background model

PLB 744 (2015) 184

Limit (95% CL):

(                  )(*)

15 exclusive 
categories

(*)
 on 7+8TeV

http://dx.doi.org/10.1016/j.physletb.2015.03.048
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        Production (1% of total production!)

● Complex multi-channel analysis on its own:

JHEP 05 (2013) 145

JHEP 09 (2014) 08723 event categories  
on the 8TeV dataset

Significance:

Limit (95% CL):

(         above SM)

http://dx.doi.org/10.1007/JHEP05(2013)145
http://dx.doi.org/10.1007/JHEP09(2014)087


Institute of Experimental Particle Physics (IEKP)24  

Compatibility
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Coupling across production 
modes or decay channels:

● Event categories       :

● Nuisance parameters:

● 16 MB binary file of stat. model 
(~145 MB in human readable form).

Overall coupling consistency:
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https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1007/JHEP01(2014)096
https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1007/JHEP05(2014)104
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
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Mass 

● ATLAS+CMS LHC run-1 combination:

PRL 114 (2015) 191803

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803
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Coupling structure

● Event categories       :

● Nuisance parameters:

● ATLAS+CMS LHC run-1 combination:

Considered production modes: Considered decay channels:

Main production modes:
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https://cds.cern.ch/record/2053103/files/HIG-15-002-pas.pdf
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“Money plot”

● Six all tree level couplings.
● All loops resolved.
●                .
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Within measurement accuracy 
unique scaling as expected within 
the SM.

CMS-PAS-HIG-15-002

https://cds.cern.ch/record/2053103/files/HIG-15-002-pas.pdf
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High mass Higgs boson search in         and 

● Search in mass range of                                      .

● Combination of several channels in         and       
(55 channels/categories). Merged jet event categories 

in         :

JHEP 10 (2015) 144

http://dx.doi.org/10.1007/JHEP10(2015)144
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 Additional SM-like Higgs boson?

● Additional Higgs boson with same production cross section and       as expected for 
the SM (for given mass value).

JHEP 10 (2015) 144

http://dx.doi.org/10.1007/JHEP10(2015)144
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EWK singlet admixtures?

Unitarity bound for:

Additional heavy 
Higgs (   ) that 
mixes with           . 

● Unitarity constraint: 

→ couplings of    re-
duced by coupling to      
   . 

● Allow additional       for 
non-SM    decays:

Boundary for main 
assumption of analysis:           
                  (based on CMS    
limit on                                      
from couplings)

JHEP 10 (2015) 144

http://dx.doi.org/10.1007/JHEP10(2015)144
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● Search in mass range of                                      .

High mass Higgs boson search in       

● Combination of four sub-categories.

● Analysis strategy same as for SM Higgs search.

PLB 750 (2015) 494

http://dx.doi.org/10.1016/j.physletb.2015.09.062
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Backup
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Searches for 

EPJC 74 (2014) 2980

CMS-PAS-HIG-15-012

file:///home/roger/Data/Vorlesungen/Hauptseminar-WS-2015/
file:///home/roger/Data/Vorlesungen/Hauptseminar-WS-2015/
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