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2 EM neutral 
CP even h0,H0 scalar 

1 EM neutral 
CP odd A0 pseudo-

scalar 

2 EM 
charged H+, H- 

Minimal Supersymmetric Standard Model 
!   2 isospin Higgs doublets 

!   5 physical Higgs Bosons 
!   @tree level 

!   MSSM Higgs sector 
can be described by 2 parameters: 
q tan β:=v2/v1 
q mA 

!     

but huge radiative corrections 
→  mh < 135 GeV/c2 

fixed	
  in	
  benchmark	
  scenarios	
  	
  
(mh-­‐max	
  used	
  in	
  most	
  of	
  the	
  results)	
  	
  

Carena,	
  Heinemeyer,	
  Wagner,	
  Weiglein	
  Eur.	
  Phys.	
  J.	
  C26	
  (2003)	
  pp.	
  601-­‐7	
  	
  
!   couplings	
  (for	
  large	
  tan	
  β) 

•	
  W/Z	
  suppressed,	
  absent	
  for	
  A	
  	
  
•	
  enhanced	
  for	
  3rd	
  generaNon	
  and	
  down	
  type	
  fermions	
  	
  
•	
  h	
  is	
  SM-­‐like	
  for	
  large	
  mA 
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already excluded by LEP	
  

mH± > 80 GeV/c2 [LEP] 

φ = h,H,A mass degenerate 
depending on tanβ regime (h+A,H+A) 

A,H,H± masses 
degenerate 
for large mA 
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neutral Higgs @LHC

@large tan β 
cross section enhanced [~tanβ2] 
coupling	
  to	
  b	
  quark	
  is	
  enhanced	
  à	
  tagging	
  a	
  jet	
  as	
  a	
  b,	
  is	
  very	
  important	
  in	
  MSSM	
  search	
   

!   search for pp → φ + X 
!  2 main production processes @LHC 
!  dominant decay modes are bb (~85%) and ττ (~10÷15%) 

also µµ (~0.03%) channel analyzed	



h,Hq

q

W,Z

W,Z

Fig. 16: Diagram contributing to qq → V ∗ → V + h/H (V = W,Z) at lowest order.

Higgs-boson radiation off top quarks [113–117] (see Fig. 17)

qq/gg → tt + h/H/A

plays a significant role at the LHC for the light scalar Higgs particle only. The NLO QCD corrections
are the same as for the SM Higgs boson with modified top and bottom Yukawa couplings and are thus of
moderate size [122–125]. The SUSY QCD corrections have been computed recently [187–190]. They
are of moderate size, too.

h,H,A

q

q

g

t/b

t/b

h,H,A

g

g

t/b

t/b

Fig. 17: Typical diagrams contributing to qq/gg → QQ̄+ h/H/A (Q = t, b) at lowest order.

For large values of tan β Higgs-boson radiation off bottom quarks [113–117] (see Fig. 17)

qq/gg → bb + h/H/A

constitute the dominant Higgs-boson production processes. The NLO QCD corrections can be taken
from the analogous calculation involving top quarks. However, they turn out to be large [191, 192]. The
main reason is that the integration over the transverse momenta of the final-state bottom quarks generates
large logarithmic contributions. The resummation of the latter can be established by the introduction of
bottom-quark densities in the proton, since the large logarithms correspond to the DGLAP evolution of
these densities. Their DGLAP evolution resums them. This leads to an approximate approach starting
from the process [193] (see Fig. 18a)

bb → h/H/A

at LO, where the transverse momenta of the incoming bottom quarks, their masses and their off-shellness
are neglected at LO. The NLO [194, 195] and NNLO [196] QCD corrections to these bottom-initiated
processes are known and of moderate size, if the running bottom Yukawa coupling is introduced at
the scale of the corresponding Higgs-boson mass. At NNLO the full process gg → bb + h/H/A
(see Fig. 18b) contributes to the real corrections for the first time. The fully exclusive gg → bb +
h/H/A process, calculated with four active parton flavours in a four-flavour scheme (4FS), and the
result, calculated with five active parton flavours in the five-flavour scheme (5FS), will converge against
the same value at higher perturbative orders. Reasonable agreement between the NLO 4FS and NNLO

47

In contrast to the SM case, where the Higgs mass is a free input parameter, calculations of Higgs-
boson production and decay processes in the MSSM require as a first step the evaluation of the Higgs-
boson masses and mixing contributions in terms of MA, tan β, and all other SUSY parameters that
enter via radiative corrections. The mixing between the CP-even states h and H (in the approximation
where CP-violating effects are neglected; in general mixing between h, H, and A has to be considered)
must be taken into account correctly in order to ensure the correct on-shell properties of the Higgs fields
appearing in the S-matrix elements of Higgs-boson production or decay processes.

Two dedicated codes exist for calculating the Higgs-boson masses and mixing contributions in
terms of the MSSM input parameters, FEYNHIGGS [148–151] and CPSUPERH [152, 153], which in-
corporate higher-order corrections in the MSSM Higgs sector up to the two-loop level. In the case of
real parameters a more complete set of higher-order corrections is included in FEYNHIGGS. We will
therefore use FEYNHIGGS for evaluating the Higgs-boson masses and effective couplings in the MSSM.
We have performed a comparison between the predictions of FEYNHIGGS and CPSUPERH (using an ap-
propriate parameter transformation to take account of the different renormalization schemes used in the
calculations incorporated in the two codes) in themmax

h and no-mixing benchmark scenarios [147,154].
We have found in general good agreement, with deviations in the prediction of the lightest MSSM Higgs
mass,Mh, of O(1) GeV, and deviations of up to ∼ 10% in the effective mixing angle of the neutral CP-
even Higgs sector for large values of tan β. The deviations can nevertheless be relevant in the parameter
regions that are tested first by the LHC: relatively low MA and large tan β. A numerical comparison
of FEYNHIGGS and CPSUPERH with the program HDECAY [64, 155, 156], which performs the cal-
culation of Higgs-boson masses and mixings in the MSSM using a less complete set of higher-order
corrections, is in progress.

In making predictions for Higgs-boson production or decay processes in the MSSM one has to
face the fact that certain types of higher-order corrections have only been calculated in the SM case
up to now, while their counterpart for the case of the MSSM is not yet available. Instead of starting
from dedicated MSSM calculations for Higgs cross sections or decay widths, which treat higher-order
corrections of SM-type and SUSY-type on the same footing but may be lacking the most up-to-date
SM-type corrections, it can be advantageous to start from SM-type processes including the relevant
higher-order corrections and to dress suitable building blocks with appropriate MSSM coupling factors
(using also the MSSM predictions for the Higgs masses). For the numerical results presented below on
MSSM Higgs production in gluon fusion and in association with bottom quarks we have followed the
latter approach, as explained in more detail below.

6.2 Overview about the most relevant MSSM Higgs production processes
The dominant neutral MSSM Higgs production mechanisms for small and moderate values of tan β are
the gluon-fusion processes (see Fig. 14)

gg → h,H,A

which are mediated predominantly by top and bottom loops as in the SM case, but in addition by stop

h,H,At,b, t̃, b̃

g

g

Fig. 14: Typical diagram contributing to gg → h,H,A at lowest order.

and sbottom loops for the scalar Higgs bosons h,H, if the squarks are light [157]. The NLO QCD
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neutral Higgs @CMS
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MSSM Neutral Higgs Couplings 

α is a mixing angle between neutral components for two Higgs doublets H1
0, H2

0 to give 
the physical CP-even Higgs bosons h, H: cos2α = -cos2β [(MA

2-MZ
2)/(MH

2-Mh
2)] 

For large MA → cos(β�α) « 1#
•  h couplings SM-like 
•  H coupling to W,Z suppressed 

For large tan β coupling enhanced 
for down-type fermions.  
Important for b-quarks and τ since 
Higgs coupling proportional to mass 

SM 

Djouadi, Kalinowski, Spira 

tanβ = 5 tanβ = 30 

φàµµ	


!  clean	
  signal	
  w/	
  excellent	
  mass	
  resoluNon	
  (0.03%)	
  
!  potenNal	
  to	
  disNnguish	
  between	
  h,	
  H	
  and	
  A	
  
!  provide	
  measurement	
  of	
  tanβ	
  (from	
  width)	
  

!  sensiNvity	
  for	
  both	
  gluon	
  fusion	
  
and	
  b-­‐associated	
  producNon	
  

!  small	
  BR	
  (enhanced	
  for	
  high	
  tan	
  β)	
  
q backgrounds	
  	
  
•	
  Drell-­‐Yan	
  Z	
  (	
  +	
  jets)	
  	
  
•	
  [	
  →	
  bbμ+μ−νν	̄
  	
  
•	
  WW	
  /	
  ZZ	
  very	
  small	
  
can	
  be	
  esNmated	
  from	
  data	
  using	
  μ+μ−,	
  e+e−,	
  e±μ∓	
  	
  

φàττ	


!  sensiNvity	
  for	
  both	
  gluon	
  fusion	
  
and	
  b-­‐associated	
  producNon	
  

!  relaNvely	
  small	
  BR	
  (9%)	
  
!  difficult	
  reconstruct	
  	
  mφ	
  and	
  Γφ	


q backgrounds	
  	
  
•	
  Z	
  →	
  τ+τ−,	
  [,	
  W	
  +	
  jets	
  
•	
  QCD	
  mulN-­‐jets	
  in	
  hadronic	
  case	
  
•	
  Z	
  →	
  e	
  e	
  /μ	
  μ	
  +	
  jets	
  for	
  leptonic	
  decay	
  

φàbb	
  	̄
  
!  SM	
  cross	
  secNon	
  predicted	
  to	
  be	
  small	
  
!  in	
  MSSM	
  producNon	
  enhanced	
  by	
  tan2β	
  
!  high	
  BR	
  (~90%)	
  
!  sensiNve	
  mainly	
  to	
  b-­‐associated	
  producNon	
  
!  backgrounds	
  	
  
•	
  QCD	
  mulN-­‐jets	
  

φàττ	

 ~17g-­‐1	
  

φàµµ	

 ~5g-­‐1	
  

φàbb	
   ~3÷5g-­‐1	
  

MSSM	
  Higgs	
  producNon	
  and	
  decays	
  
can	
  be	
  significantly	
  affected	
  
by	
  radia(ve	
  correc(ons	
  
q  the	
  bb	
  channel	
  is	
  more	
  sensi(ve	
  

to	
  these	
  correcNons	
  
(and	
  therefore	
  to	
  the	
  SUSY	
  scenario)	
  

q  while	
  the	
  ττ	
  channel	
  is	
  more	
  robust	
  



current upper limit 

on BR(t→bH±)≈0.15÷0.20 

for mH±=80÷155 GeV/c2, 

assuming BR(H±→τν)=1 

by CDF and D0 
http://www-cdf.fnal.gov/physics/new/top/2005/ljets/ 
charged_higgs/higgs/V2/HiggsAnalysis_publicV2.html 

tan β = 20 5	



charged Higgs @LHC

Ø  heavy charged Higgs [mH± > mtop] 
dominant production modes: 

gg→tbH± and gb→tH± 

dominant decays: 
H±→tb and H→τν 
 

the discovery of 
a charged Higgs boson 

would provide 
unambiguous evidence 

for an extended Higgs sector 
beyond the Standard Model 

Ø  light charged Higgs [mH± < mtop] 
dominant production mode: 

top decay t→bH± 
dominant decay: 

H±→τν 
 BR(t→bH±) depends on both tanβ and  mH+ 

no	
  ye
t	
  ana

lyzed
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•  proton-proton collider @CERN 
re-uses the LEP tunnel [~100m underground] 

•  accelerates protons 
from 450 GeV up to 7000/8000 GeV(*) 

PS/SPS used to accelerate protons upto 450 GeV 

•  8 points, 
4 where the beams interact [experiments] 
2 for beam cleaning 
1 dedicated to beam dumper 
1 containing superconducting RF cavities [400MHz] 

•  8 arcs with a regular lattice structure, 
containing 23 arc cells 

each arc cell has a FODO structure 
 

(*) goal is √s=14TeV 

!  first collisions @7TeV (30/03/2010) 
!   first collisions @8TeV (05/04/2012) 
!  max peak luminosity LPEAK ~7.5x1033 s-1cm-2 

!   delivered luminosity: ~6 fb-1 (7TeV) + ~20 fb-1 (8TeV) 
!  machine performs better than expected  !! 

focusing lens  
dipole 
magnet 

defocusing lens  

*.....* * * *= etotal QF D QD B nd DM M M M M M

superconducting 
magnet 

[B=8.3T @1.9K] 

L = γ frev
4π

!

"
#

$

%
&
nbNb

β*
Nb

εN

!

"
#

$

%
&Rϕ

'

(
)

*

+
,

18

The overlap area is directly measured in separation scans ,  pioneered by Simon Van der Meer @ ISR

Luminosity from bunch 
crossings at frequency f = frev nb 

for Gaussian bunches with rms sizes  "x "y    A = 4 $ "x "y 

N1N2 f
A

Interaction
region

Bunch 1 Bunch 2

N1 N2Effective area A

length scale calibrated 
displacing both beams
+ vertex info from detectors

CMS
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Horizontal plane: slope = 0.998 +/- 0.006139

-100
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Vertical plane: slope = 1.0 +/- 0.005878

3.54	
  x	
  1033cm-­‐2s-­‐1	
  

7.5	
  x	
  1033cm-­‐2s-­‐1	
  



Compact Muon Solenoid [compact 4π experiment] 
→ design based on: 
• high intensity B field 

3.8T superconducting solenoid 
!   high precision 

silicon tracker 
(σ/pT	
  ≈	
  1.5•10-­‐4	
  pT	
  ⊕	
  0.005	
  ) 

!   high precision homogeneous 
EM calorimeter 
σ/E	
  ≈	
  2.8%/√E	
  ⊕	
  12%/E	
  ⊕	
  0.3%	
   

!   hermetic calorimeter 
σ/E	
  ≈	
  100%/√E	
  ⊕	
  5% 

!   redundant 
muon spectrometer (B=2T) 
σ/pT≈	
  1%	
  @	
  40	
  GeV 

silicon tracker 
Strips and Pixels 

ECAL scintillating PBWO4 
          crystals 

 Cathode Strip 
Chambers (CSC) 

Drift Tube (DT) 

  Resistive Plate Chambers (RPC)   

  

IRON YOKE 

HCAL plastic scintillator 
          copper sandwich 

SUPERCONDUCTING 
COIL 

magnet field 
B = 3.8 T 

12,500 T 
15 m diameter 21.5 m overall length  

relativistic 
cylindrical 
coordinates (z,η,φ) 

|η| < 2.5 

3 < |η| < 5 

1.48 < |η| < 3.0 

|η| < 1.3 

|η| < 1.48 

1 < |η| < 3 

|η| < 1.2 
|η| < 1.6 

0.9 < |η| < 2.4 
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Hadron'collider'variables:'ET,'pT and'�

� Use relativistic cylindrical coordinates ( ,�,�)   
� dN/d� is invariant for boosts along z for particles in a jet

� For object definitions, identification criteria etc. we use cones 
with apex at interaction point and having a radius �R
� �R = �[(�-�o)2+(�-�o)2] 

� where (�o,�o) gives the flight direction of object � jet, e, ���	����etc.

10

p
�

Transverse'momentum:
perpendicular'to'the'beam

pT = p sin�

Pseudorapidity
��='= ln(tan(�/2))

Jo
e
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ca
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U
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nt
a
Ba

rb
ar
a

SS
I0
9
LH

C
H
ig
gs

Se
ar
ch

es
A
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20

09

η=-ln	
  tanθ/2 
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L PEAK ~3.5x1033Hz cm-2	
  

CMS	
  Analysis:	
  ~4.8	
  Q-­‐1	
  

ü  more	
  than	
  5	
  Q-­‐1	
  and	
  20	
  Q-­‐1of	
  pp	
  collisions	
  
	
  	
  	
  	
  	
  collected	
  @7	
  TeV	
  and	
  8	
  TeV	
  CM	
  energy,	
  respecNvely	
  
ü  peak	
  luminosity:	
  

LPEAK ~	
  3.5	
  x	
  1033	
  Hz	
  cm-­‐2	
  @7TeV	
  
LPEAK ~	
  7.5	
  x	
  1033	
  Hz	
  cm-­‐2	
  @8TeV	
  

ü  data	
  taking	
  efficiency:	
  ~90%	
  
average	
  fracNon	
  of	
  operaNonal	
  channels	
  per	
  subsystem	
  >98.5%	
  

ü  ~85-­‐90%	
  of	
  collected	
  data	
  good	
  for	
  all	
  analyses	
  
searches	
  based	
  on	
  ~5	
  Q-­‐1@7TeV	
  and	
  ~18Q-­‐1@8TeV	
  

number	
  of	
  verNces	
  
in	
  the	
  second	
  part	
  

of	
  2011	
  data	
  

mean	
  pileup:	
  
10	
  ver(ces	
  @7TeV	
  
16	
  ver(ces	
  @8TeV	
  

excellent	
  performance	
  of	
  LHC	
  and	
  CMS	
  in	
  both	
  2011	
  and	
  2012	
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collision rate is heavily dominated      
by large cross section QCD processes 
not interesting for the physics program of CMS 	
  
producNon	
  relaNve	
  to	
  σtot:	
  
•  bb	
  @10-­‐3	
  
•  Wàlν	
  @10-­‐6	
  
•  Higgs(Mφ=120GeV/c2)	
  @	
  10-­‐10	
  !	
  

1st	
  &	
  high	
  level	
  trigger	
  algorithms	
  exploit	
  
main	
  signatures	
  of	
  physics	
  objects	
  
[electron,	
  muon,	
  jet,	
  b-­‐jet,	
  τ,	
  energy]	
  

~15	
  MHz	
  beam	
  crossing,	
  
but	
  only	
  ~300Hz	
  tape	
  wriNng:	
  1/105	
  
! online	
  fast	
  and	
  sophis(cated	
  selecNon	
  

is	
  essenNal	
  

!"#$%&%'(%')*+,,-&./'0.'1$+"&%'2344'

•  =%&&'C%.6+*%('?M'G*%O"-+6'%PG%*"C%5,6'
–  Rates : Z/W inclusive cross sections,       

R(W+/W-), R(W/Z)!
–  Production details: differential 

distributions, associated jets, AFB, 
etc.!

•  0Q;'"6'.',-G9I.#,-*MN'
–  Gluon-gluon fusion production!
–  new measurement of ttbar x-section, Mtop, 

single top, ….!

•  R%,'6,"&&'%(+#.,"-5.&'.,',$%'0Q;'S'
–  W/Z Cross sections at √s = 7 TeV!
–  Cross section of V+jets!
–  New PDF constraints possible!
–  Independent luminosity measurements!

•  T<,.5(.*('#.5(&%6U'I-*'$":$9G1'.5.&M6%6'
–  Z/W are Calibration and alignment!
–  Testbed for analysis techniques!
–  Top is a departure point for high-pT BSM 

physics! &"##$

Observation of a new Particle (2012.7.4) ! 

HCP-2012, Kyoto, Japan Higgs Property Measurement - H. Yang (SJTU) 2 
Phys. Lett. B 716 (2012) 1-29 (ATLAS) Phys. Lett. B 716 (2012) 30-61 (CMS) 
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MSSM Neutral Higgs Couplings 

α is a mixing angle between neutral components for two Higgs doublets H1
0, H2

0 to give 
the physical CP-even Higgs bosons h, H: cos2α = -cos2β [(MA

2-MZ
2)/(MH

2-Mh
2)] 

For large MA → cos(β�α) « 1#
•  h couplings SM-like 
•  H coupling to W,Z suppressed 

For large tan β coupling enhanced 
for down-type fermions.  
Important for b-quarks and τ since 
Higgs coupling proportional to mass 

SM 

Djouadi, Kalinowski, Spira 

tanβ = 5 tanβ = 30 
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muon:	
  
matching	
  tracks	
  in	
  inner	
  tracker	
  

and	
  muon	
  chambers	
  
~97%	
  efficiency	
  
electron:	
  
EM	
  cluster	
  with	
  an	
  associated	
  track	
  
~80%	
  efficiency,	
  fake	
  rate	
  10-­‐5	
  

photon:	
  
EM	
  cluster	
  without	
  a	
  matching	
  track	
  
~80%	
  efficiency,	
  fake	
  rate	
  10-­‐3	
  

jet:	
  
cluster	
  in	
  EM	
  and	
  hadronic	
  calorimeters	
  

(and	
  inner	
  tracker)	
  
reconstrucNon	
  up	
  to	
  |η|<4.9	
  
b-­‐tagging:	
  
sophisNcated	
  algorithms	
  
which	
  exploit	
  b-­‐quark	
  properNes	
  
~60%	
  efficiency,	
  fake	
  rate	
  10-­‐2	
  

tau:	
  
Narrow	
  jet	
  with	
  matching	
  track(s)	
  
~60-­‐70%	
  efficiency,	
  fake	
  rate	
  10-­‐2	
  

MET:	
  
pT	
  required	
  to	
  balance	
  all	
  of	
  these	
  

on	
  top	
  of	
  rec
onstrucNon	
  

of	
  physics	
  ob
jects	
  

a	
  Par(cle	
  Flo
w	
  algorithm

	
  (PF)	
  

has	
  been	
  de
veloped	
  

Ø provides	
  a	
  g
lobal	
  event	
  

descrip(on	
  

in	
  form	
  of	
  a	
  list	
  of	
  p
arNcles	
  

!   large	
  improvements	
  in	
  measuring	
  

•  τ	
  (ε~60%,	
  fake
	
  rate	
  ~1-­‐3%,

	
  

energy	
  scale
	
  ~3%)	
  

•  jet	
  (energy	
  re
soluNon)	
  

•  missing	
  transv
erse	
  energy	
  

(MET)	
  



4	
  independent	
  final	
  states:	
  
w/	
  at	
  least	
  1	
  lepton	
  

!   easier	
  to	
  trigger	
  
!   lower	
  QCD	
  background	
  

depending	
  on	
  final	
  states,	
  events	
  are	
  triggered	
  by	
  
double	
  lepton,	
  lepton+tau	
  or	
  double	
  tau	
  	
  
select	
  isolated	
  leptons,	
  resNct	
  mT<20	
  GeV	
  (supp.	
  W+jet,	
  [bar)	
  
disNnguish	
  signal	
  from	
  background	
  by	
  
shape	
  analysis	
  of	
  mττ	
  
(or	
  the	
  invariant	
  mass	
  of	
  the	
  visible	
  decay	
  products	
  mvis)	
  
selected	
  events	
  analyzed	
  in	
  2	
  categories:	
  
•  b-­‐tag	
  
•  non-­‐b-­‐tag	
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φ→τ+τ- search @CMS τ decay modes: 

! leptonical: BR~35% 
eνeντ and µνµντ	



! hadronical: BR~65% 
dominantly via 
π/Κ, ρ→ππ0 
and α1→πππ(ππ0π0) 

Z→τ+τ-­‐ standard candle 
Ø  measurement of τ identification efficiencies 
Ø  commissioning of τ triggers 
Ø  important background in searches for beyond the SM 

!   search for pp → φ + X [inclusive] 
!  2 main production processes @LHC 
!  Higgs decays to tau pairs w/ BR(φ→τ+τ-) ~10÷15% 

Z ! !+!- Analysis based on Combination of Decay Modes: 
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N.B.: Hadronic Channel difficult (Trigger, high Backgrounds) 

Christian Veelken                       Higgs and Z ! !+!- in CMS 4 

Z ! !+!- Decay Modes 

Z ! !+!- Analysis based on Combination of Decay Modes: 
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Z ! !+!- Decay Modes 

µ+had 
e+had 
e+µ 
µ+µ 
had+had 
e+e 

Z ! !+!- Analysis based on Combination of Decay Modes: 
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Z ! !+!- Decay Modes 

54.8% 

5	
  final	
  states	
  (μτ,	
  eτ,	
  eμ,	
  μμ	
  and	
  ττ)	
  

CMS-­‐HIG-­‐12-­‐050	
  

enhance
	
  bbΦ	
  cou

pling	
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φ→τ+τ- : dominant backgrounds

Z→ττ:	
  
●	
  embedding:	
  	
  
	
  	
  	
  	
  in	
  Z→μμ	
  replace	
  μ	
  
	
  	
  	
  	
  by	
  simulated	
  τ	
  decay	
  
●	
  normalizaNon	
  from	
  
	
  	
  	
  	
  Z→μμ	
  events	
  

ibar:	
  
●	
  shape	
  from	
  simulaNon	
  
●	
  normalizaNon	
  	
  
	
  	
  	
  	
  from	
  sidebands	
  

Zàee/µµ:	
  
●	
  shape	
  from	
  simulaNon	
  
●	
  corrected	
  for	
  
	
  	
  	
  	
  SS/OS	
  raNo	
  
	
  	
  	
  	
  and	
  jetàτ and	
  e/µàτ	
  
	
  	
  	
  	
  fake	
  rate	
  

diboson/W+jets	
  
●	
  shape	
  from	
  simulaNon	
  
●	
  normalizaNon	
  
	
  	
  	
  	
  from	
  sidebands	
  

BG%Evaluation%

Abdollah)Mohammadi)(ULB)) 7)

QCD:	
  
●	
  normalizaNon	
  &	
  shape	
  
	
  	
  	
  	
  from	
  SS/OS	
  and	
  fake	
  rate	
  

CMS-­‐HIG-­‐12-­‐050	
  



8 5 Results
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Figure 2: Reconstructed di-t mass in the b-tag category for the µth, eth, eµ and µµ channels.

background expected number of events 
[data driven background estimation] 
Ø  Z → ττ is constrained by 

published CMS Z → µµ/ee result 
Ø  QCD from ratio of OS/SS (~1) in di-lepton events 

and τ-fake rate in multi-jet events	
  
Ø  W+jets from W transverse mass shape 

[separately in OS,SS] 
Ø  ttbar and VV by MC 
Ø  Z → ee/µµ from lepton fake rates	
  

Z → ττ is irreducible background 
!   di-tau invariant mass is the best discriminator 
… but, 3 neutrinos in the final state 
!   probabilistic approach 

to estimate the full mass 

13	



likelihood fit technique [SVfit] 
! visible τ momenta (decay products) 
! neutrinos produced in τ decays 

(missing transverse energy) 
!   physical solution for every event 

clear Z mass peak 
seen in CMS data 

more than 600 events 
observed in data 

σ(m
ττ)~21% σ(m

vis)~24%	
  

7

 [GeV]ττm
0 200 400 600 800 1000

 [1
/G

eV
]

ττ
dN

/d
m

-210

-110

1

10

210

310

410
CMS -1 = 7-8 TeV, L = 17 fbsPreliminary, hτµτ

=8β, tanττ→(160 GeV)φ×10
observed

ττ→Z
electroweak
tt

QCD
bkg. uncertainty

 [GeV]ττm
0 200 400 600 800 1000

 [1
/G

eV
]

ττ
dN

/d
m

-210

-110

1

10

210

310

CMS -1 = 7-8 TeV, L = 17 fbsPreliminary, hτeτ

=8β, tanττ→(160 GeV)φ×10
observed

ττ→Z
 ee→Z

electroweak
tt
QCD
bkg. uncertainty

 [GeV]ττm
0 200 400 600 800 1000

 [1
/G

eV
]

ττ
dN

/d
m

-110

1

10

210

310

CMS -1 = 7-8 TeV, L = 17 fbsPreliminary, µτeτ

=8β, tanττ→(160 GeV)φ×10
observed

ττ→Z
electroweak
tt

QCD
bkg. uncertainty

 [GeV]ττm
0 200 400 600 800 1000

 [1
/G

eV
]

ττ
dN

/d
m

-210

-110

1

10

210

310

410

510

610

710
CMS -1 = 7-8 TeV, L = 17 fbsPreliminary, µτµτ

=8β, tanττ→(160 GeV)φ×10
observed

ττ→Z
µµ→Z

electroweak
tt

QCD
bkg. uncertainty

Figure 1: Reconstructed di-t mass in the no b-tag category for the µth, eth, eµ and µµ channels.

b-­‐tag	
  

no-­‐b-­‐tag	
  

CMS-­‐HIG-­‐12-­‐050	
  



observed and expected limit on σ✕BR 
computed for different mass hypotheses mA 
using Bayesian integration 
and assuming an uniform prior on σ✕BR 

in µ+τhad, e+τhad, e+µ channels 
upper limit on σ✕BR interpreted in 
MSSM parameter space (mA,tanβ) 
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φ→τ+τ- exclusion limit 

…but, no excess is observed 
in the di-tau mass spectrum 
!   95% CL upper limit on σ✕BR 

likelihood fit to the mττ spectrum 
[sys. uncertainties are represented 

by nuisance parameters] 
is performed using shape information 

expecting ~100 Φ events 
in mA=120 for tanβ = 30! 

signal constraints 
ü ggΦ and bbΦ shape relative normalization 

[ratio constrained to the expected value  
@tanβ=30] 

ü Higgs width assumed for tanβ=30 
[negligible w.r.t. 
experimental mass resolution (~21%)] 

background constraints 
ü QCD and Z → ll shapes taken from data 
ü all other shapes from simulation 

data/MC agreement in sidebands 

mh
max scenario 

M
SUSY

= 1TeV / c2

X
PQt

= 2M
SUSY

µ = 200GeV / c2

M g
= 800GeV / c2

M
2
= 200GeV / c2

A
b
= A

t

M
1
=
5
3
M

2
tanθ

w

CMS-­‐HIG-­‐12-­‐050	
  



!   major	
  background	
  source	
  is	
  mul(-­‐jet	
  QCD	
  processes	
  
•  simulaNon	
  are	
  affected	
  by	
  large	
  uncertainNes	
  
	
  	
  	
  both	
  in	
  terms	
  of	
  experimental	
  observables	
  and	
  cross	
  secNons	
  
!   mul(-­‐jet	
  background	
  es(ma(on	
  from	
  data	
  is	
  crucial	
  
• contribuNon	
  from	
  [,	
  Z+jets	
  is	
  negligible	
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φ→bb search @CMS

CMS-HIG-12-033, CMS-HIG-012-027, CMS-HIG-12-026 

search	
  for	
  φàbb	
  produced	
  in	
  associaNon	
  w/	
  b-­‐quarks	
  
signature:	
  events	
  w/	
  at	
  least	
  3b-­‐jets	
  in	
  the	
  final	
  state	
  

Motivation

5

• Search for Higgs boson decaying in b 

quarks produced in association with b 

quarks.

• Standard Model (SM) cross section 

predicted to be small; high BR(H->bb) 

for low masses. 

• In Minimal Supersymmetric Model 

(MSSM) production enhanced by

tan2 β; high BR(Φ->bb) from low to 

high masses, where Φ = h,H,A. Two

Φ states are degenerated -> 2x 

production rate

• Excess of ~2σ observed at the 

Tevatron (D0 and CDF) at low mass!

http://arxiv.org/pdf/1101.0593v2

Wednesday, 7 November 12

Motivation

5

• Search for Higgs boson decaying in b 

quarks produced in association with b 

quarks.

• Standard Model (SM) cross section 

predicted to be small; high BR(H->bb) 

for low masses. 

• In Minimal Supersymmetric Model 

(MSSM) production enhanced by

tan2 β; high BR(Φ->bb) from low to 

high masses, where Φ = h,H,A. Two

Φ states are degenerated -> 2x 

production rate

• Excess of ~2σ observed at the 

Tevatron (D0 and CDF) at low mass!

http://arxiv.org/pdf/1101.0593v2

Wednesday, 7 November 12

!   online	
  selec(on	
  is	
  par(cularly	
  challenging	
  
• maintain	
  a	
  reasonable	
  rate	
  
• mulN-­‐jet	
  events	
  w/	
  moderate	
  jet	
  mulNplicity	
  

high	
  total	
  cross	
  secNon,	
  high	
  luminosity,	
  PU	
  
• maintaining	
  sufficient	
  signal	
  efficiency	
  
•  low	
  threshold	
  on	
  object	
  pT	
  
• exploit	
  b-­‐tagging	
  already	
  online	
   2	
  indep

endent	
  
and	
  com

plementary	
  a
pproach

es:	
  

• all-­‐had
ronic	
  fin

al	
  state
:	
  

exploit	
  
the	
  b-­‐je

ts	
  mulNplici
ty	
  

•  semi-­‐lepton
ic	
  final	
  s

tate:	
  

exploit	
  
also	
  the

	
  b-­‐quar
k	
  decay

	
  into	
  muon	
  (~2
0%)	
  

	
  
overlap

	
  betwee
n	
  sample	
  is	
  sm

all:	
  ~2%
	
  (alread

y	
  @trigger	
  
level)	
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φ→bb all-hadronic

CMS-HIG-012-026 

OFFLINE	
  selecNons:	
  

•	
  3jets (PFak5) |η|<2.2, 
pT > 46,38,20 (60,53,20) GeV/c 

•	
  ΔR(jet1,jet2) > 1 
(suppress gluon splitting) 

•	
  3	
  leading	
  jets	
  w/	
  b-tag (CSVT)	
  

EventBTag
0 1 2 3 4 5

a.
u.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

  (Bb)b
  (Cb)b
  (Qb)b
    bbB
    bbX

 = 7 TeVs, -1CMS 2011, L = 2.7  fb
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0.04
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0.14
0.16
0.18
0.2

  (Bb)b
  (Cb)b
  (Qb)b
    bbB
    bbX

 = 7 TeVs, -1CMS 2011, L = 2.7  fb

•	
  2011	
  data:	
  2.7g-­‐1	
  ÷	
  4g-­‐1	
  

•	
  use	
  online	
  b-­‐tag	
  

signal	
  yields	
  obtained	
  from	
  a	
  2D	
  fit	
  
on	
  di-­‐jet	
  mass	
  (M12)	
  vs	
  EventBTag	
  

3	
  b-­‐jets	
  background	
  esNmate	
  from	
  data	
  (à	
  la	
  CDF):	
  
•	
  2D	
  templates	
  (M12,EventBTag)	
  of	
  different	
  flavour	
  contribuNons	
  
	
  	
  	
  	
  assessed	
  from	
  a	
  2	
  b-­‐tagged	
  sample	
  from	
  data	
  (bbj,bjb,jbb)	
  
•	
  untagged	
  jet	
  weighted	
  by	
  the	
  b-­‐tag	
  probability	
  
	
  	
  	
  and	
  the	
  corresponding	
  SV	
  mass	
  index	
  probability	
  
•	
  correcNons	
  for	
  non	
  real	
  b’s	
  in	
  double	
  b-­‐tagged	
  sample,	
  
	
  	
  	
  and	
  b-­‐tag	
  trigger	
  correcNons	
  applied	
  

template	
  

template	
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φ→bb semi-leptonic

CMS-HIG-012-027 

•	
  1 muon pT > 15GeV/c 

•	
  3jets (PFak5) |η|<2.6, 
pT > 30,30,20 GeV/c 

•	
  µ w/in one of 
the 2 leading jets 

•	
  b-tag CVS>0.8,0.8,0.7 

•	
  2011	
  data:	
  4.8	
  g−1	
  

•	
  use	
  semi-­‐leptonic	
  (muon)	
  
	
  	
  	
  	
  b	
  decay	
  for	
  trigger	
  
	
  	
  	
  	
  interesNng	
  events:	
  
	
  	
  	
  	
  muon+jets+b-­‐tagging	
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Low-Mass Scenario
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2
ev
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G
eV

/c
-100

0

100

Data - Background

use	
  reconstructed	
  mass	
  
of	
  	
  leading	
  jets	
  pair	
  (M12)	
  
as	
  signal-­‐sensiNve	
  variable	
  in	
  final	
  fit	
  

background	
  esNmate	
  from	
  bbj	
  and	
  bjj	
  samples	
  
•	
  define	
  signal-­‐poor	
  control	
  sample;	
  
•	
  2	
  independent	
  methods:	
  
•	
  B-­‐tagging	
  Matrix	
  
•	
  nearest-­‐neighbour	
  (Hyperball)	
  

! final	
  background	
  shape	
  
from	
  combinaNon	
  of	
  the	
  2	
  methods,	
  
using	
  a	
  bin-­‐per-­‐bin	
  weighted	
  average	
  of	
  the	
  two	
  predicNons	
  

F x;bbb( ) = F x;bbj( )⊗ Pb−tag
3rd jet ...( )

F x;bbb( ) = F bjj( )⊗ f



18	



φ→bb combined

CMS-HIG-012-033 

no	
  excess	
  observed	
  
!   set	
  upper	
  limits	
  on	
  σ(bbφ)xBR(φàbb)	
  

as	
  funcNon	
  of	
  different	
  φ	
  mass	
  hypothesis	
  

!   interpreted	
  in	
  the	
  MSSM	
  mφ-­‐tanβ	
  plane	
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β
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obs
exp (68%)
exp (95%)
exp (semileptonic)
exp (hadronic)

-maxhMSSM m
 = +200 GeVµ

]2 [GeV/cAm
100 150 200 250 300 350

β
ta

n

0

10

20

30

40

50

60

70  = 7 TeVs  -1CMS  2.7-4.8 fb

obs
exp (68%)
exp (95%)
exp (semileptonic)
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-maxhMSSM m
 = -200 GeVµ

be[er	
  sensiNvity	
  than	
  Tevatron	
  Tevatron	
  excesses	
  (2σ)	
  not	
  confirmed	
  

fit	
  linear	
  combinaNon	
  
–	
  background	
  templates	
  (b-­‐only	
  fit)	
  
–	
  background	
  templates	
  +	
  signal	
  (s+b	
  fit)	
  	
  
shape	
  altering	
  uncertainNes	
  (JES,	
  JER,	
  b-­‐tagging)	
  via	
  nuisances	
  	
  
no	
  prior	
  constraints	
  on	
  normalizaNon	
  of	
  background	
  templates!	
  

..published	
  soon	
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φ→µµ search @CMS

CMS-HIG-12-011 

h/H/A	
  →	
  μ+μ−	
  

sensiNve	
  to	
  MSSM	
  Higgs	
  boson	
  producNon	
  
both	
  in	
  associaNon	
  w/	
  a	
  b-­‐quarks	
  pair	
  and	
  via	
  gluon	
  fusion	
  
•	
  2011	
  data:	
  4.96	
  g-­‐1	
  	
  
•	
  trigger	
  on	
  single	
  high-­‐pT	
  mu	
  
•	
  high-­‐pT	
  isolated	
  muons:	
  pT>30,20	
  GeV/c	
  w/	
  |η|	
  <2.1	
  
•	
  MET<30	
  GeV	
  (against	
  [	
  and	
  WW)	
  

gluon-­‐gluon	
  fusion	
  

b-­‐associated	
  producNon	
  

events	
  divided	
  in	
  3	
  categories:	
  
•	
  at	
  least	
  one	
  b-­‐tag	
  jet,	
  
	
  	
  	
  pT	
  >	
  20	
  GeV/c,	
  |η|<2.4	
  
•	
  3rd	
  muon	
  (from	
  b’s)	
  
	
  	
  	
  pT	
  >	
  3	
  GeV/c,	
  |η|<2.4	
  
	
  	
  	
  (recover	
  events	
  were	
  the	
  b-­‐tagging	
  fails	
  )	
  
•	
  other	
  events	
  

background	
  shape	
  and	
  normaliza(on	
  
determined	
  by	
  a	
  simultaneous	
  fit	
  to	
  data	
  
of	
  signal	
  and	
  background	
  hypothesis	
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Figure 7: Fit of the invariant mass distribution of the expected signal for mA0 = 140 GeV/c2 and
tan b = 50 (a). Fit of the di-muon invariant mass around the Z0 peak to determine the mass and width
of the BW function, for events of Cat. 1 (b). Fit of the di-muon spectrum of data from Cat. 1 (c). A test
of the fit procedure is illustrated in (d) where the expected Monte Carlo signal is artificially added to the
data.The term f expected

Signal is an estimation of the expected signal calculated as the ratio between the number
of selected MC signal events and the number of events in data with 100 < Mµ+µ+ < 300 GeV/c2. For
all distributions the difference between the fit results and the data is shown in the DN distribution.

10 7 Conclusions

The parameters GZ0 and MZ0 are previously determined from a fit of the di-muon invariant
mass around the Z0 peak for each category of events. They are used as fixed parameters in
Fbkg. In Fig. 7b the fit performance for events of Category 1 at the Z0 resonance is shown. The
detector resolution is included in the fitted width.

The function used to fit the data is therefore:

F = N ·
⇥
(1 � fBackground) · Fsig + fBackground · Fbkg

⇤
. (4)

The term fBackground and the quantities fBWZ0 and l contained in Fbkg are left to vary, whereas
all previously determined parameters related to Fsig are kept constant. The parameter N, the
normalization factor, multiplied with fBackground returns the number of expected background
events. An example of the fit for data events with the signal hypothesis mA0 = 140 GeV/c2 and
tan b = 50 is shown in Fig. 7c for events of Category 1.

A test of the stability of the fit results is illustrated in Fig. 7d where the expected signal for
mA0 = 140 GeV/c2 and tan b = 50 is artificially added to the data. In this case the quantity
fBackground determined from the fit, multiplied by the number of events in the histogram, repro-
duces the expected number of background events determined from the histogram of Fig. 7c to
within one standard deviation. The term f expected

Signal is an estimation of the expected signal calcu-
lated as the ratio between the number of selected MC signal events and the number of events in
data with 100 < Mµ+µ+ < 300 GeV/c2. This ensures that the background calculation is robust
against the possible presence of signal events in the data.

A further test on the stability of the determination of fBackground is performed to estimate uncer-
tainties related to the fit procedure. For given mA0 and tan b values, the number of background
events estimated from Fbkg in the region mh0 ± 3 · Gh0, mH0 ± 3 · GH0 and mA0 ± 3 · GA0, where
the presence of the signal is expected, is computed. The number of background events is also
determined in the case that the same mass regions are excluded from the fit range. Comparing
the two results, the observed differences are found to vary between 1% and 6% for different
mA0 values.

The additional uncertainty on the signal and background shape due to the statistical uncertain-
ties of the fit parameters is also considered.

The confidence level (CL) of the exclusion limit in the (mA0 , tan b) plane is calculated, using the
Asymptotic CL algorithm [26] for events of Category 1, 2 and 3. The value of tan b at which the
CL exceeds 95% is chosen for each mass point to perform the final limit calculation.

The limit on the rate is then transformed into a limit on the cross section times the branching
ratio to muons. Using this limit on the cross section and the knowledge of the cross section in
the MSSM, the limit can be projected on tan b to exclude a region in the (m0

A, tan b) parameter
plane.

Results are shown in Fig. 8, 9 and 10 for the three event categories. In Fig. 11 the combined
exclusion limits are also presented. No deviation from the +2s uncertainty band is observed.
Due to the limited statistics, the results for Category 2 are shown for a smaller invariant mass
range.

7 Conclusions

The search for the neutral MSSM Higgs bosons A0, h0 and H0 decaying to µ+µ� is performed
assuming the mmax

h scenario. The data from proton-proton collisions at
p

s = 7 TeV were

Fsig	
   Fbkg	
  

Fbkg	
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limits from φ→µµ
no excess is observed 
in the di-muon mass spectrum 
!   95% CL upper limit on σ✕BR 
observed and expected limit on σ✕BR 
computed for different mass hypotheses mA 
using Bayesian integration 
and assuming an uniform prior on σ✕BR 

upper limit on σ✕BR interpreted in 
MSSM parameter mA,tanβ plane 
	
  
in	
  the	
  mh

max	
  scenario,	
  
this	
  analysis	
  @95%	
  CL	
  excludes	
  values	
  of	
  tanβ	
  
between	
  16	
  and	
  26	
  for	
  mA	
  =115÷175	
  GeV/c2	
  
between	
  26	
  and	
  40	
  for	
  higher	
  mA	
  up	
  to	
  300	
  GeV/c2	
  

CMS-HIG-12-011 
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light charged Higgs search
studied H± 
!   in ttbar events 

q HH: both top decay into H±b 
q WH: 1! top decays into H±b 

!  80 ≤ m(H±) ≤ 160 GeV/c2 
!   BR(H±→τν) ~ 1 

signature: 
•  ET

miss 

•  3jets+1btag / 1lepton+2jets+1btag 
•  one τ (τ to hadrons or leptons) 
•  W and top 

reconstructed masses 
consistent w/ measured values 

backgrounds: 
● irreducible 
   ttbar tau dilepton channel 
● tau–fake: 

W+3jets and lepton+jets (in ttbar) 
● non tau–fake: 

Z→ee,µµ,ττ, single-top, di-bosons 

if the H± exists, 
we may observe a discrepancy 

in the events yield of the ttbar’s τ channel 
incompatible w/ the SM prediction 

SM	
   MSSM	
  

BR(H±→τν) ~ 1 

J.	
  High	
  Energy	
  Phys.	
  07	
  (2012)	
  143	
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H+àτν: analyzed topology

Ni
SUSY	
  >	
  Ni

SM	
  

[BR(Hàτν)	
  >	
  BR(Wàτν)]	
  

Ni
SUSY	
  <	
  Ni

SM	
  

Τh+e/µ: 1.99/2.2 fb-1 

Τh+jets: 2.2fb-1	
  

eµ	



ex
pe

ct
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  e
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nt
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SM	
  

MSSM	
  
MSSM	
  

	
  	
  	
  	
  	
  	
  	
  excess	
  or	
  deficit	
  of	
  events	
  in	
  data	
  is	
  related	
  to	
  	
  
the	
  difference	
  between	
  MSSM	
  and	
  SM	
  i	
  event	
  yields:	
  

x=BR(tàH+b)	
  

13

Assuming that any excess or deficit of events in data, when compared with the expected back-
ground contribution, is due to the t ! H+b, H+! t+nt decays, the value of x = B(t ! H+b)
for each individual analysis can be related to the difference DN between the observed number
of events and the predicted background contribution through the following equation:

DN = NMSSM
tt � NSM

tt = 2x(1 � x)NWH + x2NHH + [(1 � x)2 � 1]NSM
tt . (2)

In this equation NWH is estimated from simulation forcing the first top quark to decay to H±b
and the second to W⌥b, and NHH forcing both top quarks to decay to H±b. In the eth, µth, and
eµ analyses, NSM

tt is evaluated from simulation, as given by the tt background in Table 2 and 3.
In the th+jets analysis, most of the tt ! WbWb yield is derived directly from data, so it does
not contribute to DN whatever the value of x. In other words if an H+ SUSY signal is present in
the data, affecting the tt ! WbWb rate, it also affects the data driven background estimate for
this rate and therefore this contribution disappears in the difference data� background. In this
case NSM

tt contains only the small tt contribution included in the “EWK+tt no-t” background
in Table 1, which is derived from simulation: NSM

tt = 2.1 ± 0.6 (stat.) ± 0.5 (syst.).

The CLs method [43, 44] is used to obtain an upper limit, at 95% confidence level (CL), on
x = B(t ! H+b) using Eq. 2 for each final-state analysis and for their combination. The
background and signal uncertainties described in Section 6 are modeled with a log-normal
probability distribution function and their correlations are taken into account. In the t+jets
analysis the mT distribution shown in Fig. 3 is used in a binned maximum-likelihood fit in
order to extract a possible signal. For the eth, µth, and eµ final states only event counting is
used to obtain the upper limits.

The upper limit on B(t ! H+b) as a function of mH+ is shown in Fig. 7 for the fully hadronic
and eth final states and in Fig. 8 for the µth and eµ final states. The combined upper limit
has been obtained using the procedure described in [45]. Figure 9 (left) shows the upper limit
obtained from the combination of all final states.

Figure 7: Upper limit on B(t ! H+b) as a function of mH+ for the fully hadronic (left) and the
eth (right) final states. The ±1s and ±2s bands around the expected limit are also shown.

Table 7 gives the values of the median, ±1s, and ±2s expected and the observed 95% CL
upper limit for B(t ! H+b) as a function of mH+ for the combination of the fully hadronic,
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H+àτν: analyzed topology
online	
  selec(ons	
  

τhad+	
  Etmiss	
   electron+2	
  Jets	
  single	
  Muon	
   electron+muon	
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event	
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  ,	
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  in	
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  background	
  expecta(on	
  J.	
  High	
  Energy	
  Phys.	
  07	
  (2012)	
  143	
  



24	



the	
  upper	
  limit	
  2-­‐4	
  %	
  on	
  the	
  BR(tàH+b)	
  
has	
  been	
  obtained	
  

for	
  the	
  Higgs	
  boson	
  mass	
  interval	
  
80	
  <	
  mH+	
  <	
  160	
  GeV/c2	
  

assuming	
  BR(H+à	
  τ+ν)=1	
  

τh+jets	
  channel	
  is	
  most	
  sensi(ve:	
  
•  the	
  iàWbWb	
  background	
  
is	
  measured	
  from	
  the	
  data	
  
•  shape	
  analysis:	
  mT	
  distribu(on	
  
τh+e/µ	
  and	
  e/µ	
  channels	
  
•  the	
  iàWbWb	
  background	
  
from	
  simula(on	
  
•  event	
  count	
  analysis	
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  related	
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the	
  difference	
  between	
  MSSM	
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  SM	
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  event	
  yields:	
  

x=BR(tàH+b)	
  

13

Assuming that any excess or deficit of events in data, when compared with the expected back-
ground contribution, is due to the t ! H+b, H+! t+nt decays, the value of x = B(t ! H+b)
for each individual analysis can be related to the difference DN between the observed number
of events and the predicted background contribution through the following equation:

DN = NMSSM
tt � NSM

tt = 2x(1 � x)NWH + x2NHH + [(1 � x)2 � 1]NSM
tt . (2)

In this equation NWH is estimated from simulation forcing the first top quark to decay to H±b
and the second to W⌥b, and NHH forcing both top quarks to decay to H±b. In the eth, µth, and
eµ analyses, NSM

tt is evaluated from simulation, as given by the tt background in Table 2 and 3.
In the th+jets analysis, most of the tt ! WbWb yield is derived directly from data, so it does
not contribute to DN whatever the value of x. In other words if an H+ SUSY signal is present in
the data, affecting the tt ! WbWb rate, it also affects the data driven background estimate for
this rate and therefore this contribution disappears in the difference data� background. In this
case NSM

tt contains only the small tt contribution included in the “EWK+tt no-t” background
in Table 1, which is derived from simulation: NSM

tt = 2.1 ± 0.6 (stat.) ± 0.5 (syst.).

The CLs method [43, 44] is used to obtain an upper limit, at 95% confidence level (CL), on
x = B(t ! H+b) using Eq. 2 for each final-state analysis and for their combination. The
background and signal uncertainties described in Section 6 are modeled with a log-normal
probability distribution function and their correlations are taken into account. In the t+jets
analysis the mT distribution shown in Fig. 3 is used in a binned maximum-likelihood fit in
order to extract a possible signal. For the eth, µth, and eµ final states only event counting is
used to obtain the upper limits.

The upper limit on B(t ! H+b) as a function of mH+ is shown in Fig. 7 for the fully hadronic
and eth final states and in Fig. 8 for the µth and eµ final states. The combined upper limit
has been obtained using the procedure described in [45]. Figure 9 (left) shows the upper limit
obtained from the combination of all final states.

Figure 7: Upper limit on B(t ! H+b) as a function of mH+ for the fully hadronic (left) and the
eth (right) final states. The ±1s and ±2s bands around the expected limit are also shown.

Table 7 gives the values of the median, ±1s, and ±2s expected and the observed 95% CL
upper limit for B(t ! H+b) as a function of mH+ for the combination of the fully hadronic,
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!   direct searches for MSSM Higgs 
have been performed in CMS w/ both 7TeV and 8TeV dataset 

!   no evidence of signal(s) observed so far 

charged Higgs: 
search in the 80 < mH+ < 160 GeV/c2 range 

!   in through the tt production mechanism 
w/in the hypothesis BR(H+àτν)=1 
!   significant constraint 

on BR(t→bH±) < 2÷4% 
!   exclude a large region in the mH+–tanβ plane 

neutral Higgs: 
search in the ττ, bb and µµ channels 
!   set 95% CL upper limit on σ✕BR 
!   exclusion limits (mh

max scenario) 
in the mA–tanβ plane 

 
 
 
 
 

CMS results exclude 
previously unexplored region 
in MSSM parameter space 
a small fraction of the phase-space 
is not excluded, now 

q  full 2012 data sample will be analyzed soon 
q  new combination among different channels will be published soon 
q  channels analyzed for the SM Higgs measurements 

cover part of the remaining phase-space 
!   might give more information 
 
 

important	
  to	
  con(nue	
  searches	
  and	
  extract	
  
model	
  “independent”	
  cross-­‐sec(ons	
  
in	
  SUSY	
  φ-­‐>ττ,	
  µµ,	
  bb	
  analyses	
  	
  	
  	
  	
  	
   

excluded tanβ>6 for mA up to ~250GeV/c2 w/in mh
max scenario	
  



BACKUP 



offline 

!   opposite charge lepton pair 
!   transverse mass 

!   veto events w/ additional isolated leptons 
[for e/µ+τhad] 

reject W→lν	


and ttbar 

reject Z→ll	



selected	
  events	
  
analyzed	
  in	
  2	
  categories:	
  
• b-­‐tag	
  
• non-­‐b-­‐tag	
  

enhance	
  bbΦ	
  coupling	
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trigger 
! µ+τhad and µ+e: single muon 
! e+τhad: single isolated electron 

pT thresholds 10÷20GeV/c  

electron muon τhad 

pT 15÷20 GeV/c 20 GeV/c 

|η| 2.1 
(2.3 for e+µ) 2.1 2.3 

isolated tauID 
veto against e/µ	



MT (l+MET) 
e+τhad and µ+τhad <40 GeV/c2 

e+µ (both) <50 GeV/c2 

reduce QCD 
contamination 

b-tag non-b-tag 
≤ 1 jet w/ pT > 30 GeV/c 

≥ 1 b-tagged jet 
w/ pT > 20 GeV/c 

NO b-tagged jet 
w/ pT > 20 GeV/c 

CMS-­‐HIG-­‐12-­‐050	
  



28	



τ Identification [HPS]
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hadron hadron+strip 3hadrons 

tauID: 
reconstruction of individual decay modes 
combining ParticleFlow candidates 
discrimination against µ‘s and e's 
[based on shower shape info and E/p] 
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well commissioned in data 
þ  fake rates in 

Ø  di-jets 
Ø  W + jets 
Ø  inclusive muon sample 

þ  efficiency on Ζ → ττ → µ+τhad w/ tag and probe 
[~23%] 
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several b-tag algorithms have been developed 
which exploit some b hadron characteristics 
[w.r.t. light flavours and gluons]: 
•  hard fragmentation 
•  mass → high tracks multiplicity 
•  long lifetime → secondary vertex, track w/ large impact parameter 
•  semi-leptonic decay (BR~20%) → leptons w/ high pT w.r.t. jet axis 

for each jet, all algorithms produce a discriminator   
[simple or complex variable] 

on which one cuts more or less tightly, 
in order to distinguish b-jets 
[correspondently w/ different efficiency and purity] 

double b-jet candidate 
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