
Windows	
  on	
  the	
  Universe	
  
Quy	
  Nhon,	
  Vietnam	
  

	
  
August	
  12,	
  2013	
  

	
  
Joe	
  Incandela	
  

Santa	
  Barbara/CERN	
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Timeline	
  of	
  the	
  LHC	
  Project	
  (en	
  bref)	
  
1984   Lausanne workshop on a Large Hadron Collider in the LEP tunnel 
1987   Rubbia “Long-Range Planning Committee” recommends  

      LHC for CERN’s future 
1993      ATLAS and CMS selected by LHCC 
 
 
 
 
1998      Construction begins (after approval of Technical Design Reports) 
2008-9  First beams - First pp Collisions 
 
 
2012  New boson discovered with mass ~125 GeV 

Based on slide from Tejinder Virdee 2 
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First (single) beams circulating in the machine!

10	
  Sep.	
  2008:	
  LHC	
  inauguration	
  

3"

Six CERN DGs from conception to physics!"
Schopper, Rubbia, Llewellyn Smith, Maiani, Aymar, Heuer"
(from right to left) with 5-year terms!!"

3 
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4 

And	
  the	
  LHC	
  outperformed	
  expectations	
  

§  Spectacular	
  3	
  years	
  and	
  ~30/G	
  delivered	
  per	
  ATLAS/CMS	
  

4 
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Spectacular	
  Run	
  1	
  Detector	
  Performance:	
  2009-­‐2013	
  

§  The	
  LHC	
  detectors	
  have	
  worked	
  extremely	
  well	
  !	
  
§  Almost	
  no	
  degradation	
  in	
  performance	
  
§  Some	
  losses	
  in	
  performance	
  were	
  even	
  recovered	
  

ATLAS Performance in 2012 CMS Status in Feb 2013 (%) 

5 
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Higgs	
  Status	
  Dec.	
  2011	
  
§  Small	
  excesses	
  at	
  125	
  GeV	
  	
  
§  ATLAS	
  and	
  CMS	
  couldn’t	
  
celebrate	
  yet…	
  
§  Not	
  unprecedented	
  to	
  have	
  
coincidences	
  at	
  low	
  significance	
  

§  γγ	
  channel	
  the	
  main	
  contributor	
  
   Very	
  small	
  signal	
  on	
  large	
  background	
  

§  Important	
  steps	
  taken	
  for	
  2012	
  	
  
§  Energy	
  increased	
  	
  from	
  √s=	
  3.5	
  TeV	
  
to	
  4	
  TeV	
  and	
  luminosity	
  increased	
  	
  
   Target	
  5σ	
  sensitivity	
  down	
  to	
  110	
  GeV	
  	
  

§  ‘Blind’	
  the	
  2012	
  data	
  
§  Extended	
  run	
  by	
  ~2.5	
  months	
  

6 
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  1.  Mtopvs.	
  MW	
  

§  Tevatron	
  MW	
  Tour	
  de	
  Force!!	
  
   mW	
  =	
  80385	
  ±	
  15	
  MeV	
  	
  

(	
  World	
  Ave	
  –	
  Mar	
  2012)	
  
	
  

2.  Colliders	
  leave	
  little	
  space	
  
	
  

Status	
  of	
  Electroweak	
  Measurements	
  Winter2012	
  

Combined	
  precision	
  	
  
Electroweak	
  data	
   This	
  is	
  the	
  main	
  story	
  of	
  2011	
  

We	
  eliminated	
  	
  >450	
  GeV	
  of	
  
Higgs	
  mass	
  range.	
  	
  

7 Slide from spring 2012 
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Zà μμ 

The	
  new	
  challenge	
  in	
  2012:	
  Pileup	
  

~Design	
  value	
  	
  
(L=1034	
  @	
  25	
  ns	
  )	
  

Zà μμ event from 2012 data with 25 reconstructed vertices 

8 Slide courtesy Fabiola Gianotti 
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CMS$H$→$ZZ*$→$4$lepton$event$with$24$vertices$

24 vertices 

20 

The	
  new	
  challenge	
  in	
  2012:	
  Pileup	
  

9 9 

~Design	
  value	
  	
  
(L=1034	
  @	
  25	
  ns	
  )	
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Pileup studies Feb 2012 

2011A: ⟨NPU⟩=6.2 
2011B: ⟨NPU⟩=11.1 
2011: ⟨NPU⟩=9.4 

A 20
11

 
B

 

2012 

CMS	
  Simulation	
  

10 

Calorimeter	
  
Isolation	
  	
  

WW	
  γγ	



Jet	
  multiplicity	
  
b-­‐tag	
  multiplicity	
  	
  

Data Data 
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Pileup studies Feb 2012 

2011A: ⟨NPU⟩=6.2 
2011B: ⟨NPU⟩=11.1 
2011: ⟨NPU⟩=9.4 

A 20
11

 
B

 

2012 

CMS	
  Simulation	
  

11 

Calorimeter	
  
Isolation	
  	
  

Tracker	
  	
  
Isolation	
  J	
  

WW	
  γγ	



Jet	
  multiplicity	
  
b-­‐tag	
  multiplicity	
  	
  

Data Data 
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Endcap	
  Electrons	
  
MVA	
  ID	
  +	
  isolation	
  

12 

Taking	
  control	
  

Pileup jet 

Normal jet 

ET
miss	
  :	
  PFlow	
  and	
  MVA	
  regression	
  

Muon	
  isolation	
  

Muon	
  ID	
  

 May-June 2012 

Zà	
  μμ	
  

Zà	
  μμ	
  

Particle	
  flow	
  ,	
  
	
  improved	
  ID…	
  

ET
miss	
  resolution	
  vs	
  pile-­‐up	
  before	
  and	
  	
  

after	
  pile-­‐up	
  suppression	
  using	
  tracks	
  

<PU> = 21 

J	
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  EWK	
  measurements	
  over	
  >4	
  orders	
  of	
  magnitude	
  

Ready	
  to	
  hunt	
  for	
  the	
  Higgs	
  

Good	
  understanding	
  of	
  the	
  detector	
  	
  
+	
  accurate	
  theory	
  predictions	
  
→ Precision	
  SM	
  measurements	
  
→ Excellent	
  control	
  of	
  backgrounds	
  

13 
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→	
  July	
  4th	
  2012	
  	
  
‘Higgs-­‐like’	
  	
  

particle	
  found	
  

CERN	
  

Melbourne	
  

14	
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12 Data

Z+X

*,ZZaZ

=126 GeVHm

µ, 2e2µ7 TeV 4e, 4
µ, 2e2µ8 TeV 4e, 4

CMS Preliminary -1 = 8 TeV, L = 5.26 fbs ; -1 = 7 TeV, L = 5.05 fbs

 [GeV]4lm
80 100 120 140 160 180

Phys. Lett. B 716 (2012) 1

Phys. Lett. B 716 (2012) 30
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§  48	
  years	
  	
  
§  Since	
  idea	
  was	
  hatched	
  

§  20	
  years	
  
§  To	
  design	
  and	
  build	
  

§  3	
  years	
  	
  
§  To	
  acquire	
  the	
  data	
  

§  A	
  generation	
  	
  
§  of	
  work	
  by	
  thousands	
  

15	
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§  48	
  years	
  	
  
§  Since	
  idea	
  was	
  hatched	
  

§  20	
  years	
  
§  To	
  design	
  and	
  build	
  

§  3	
  years	
  	
  
§  To	
  acquire	
  the	
  data	
  

§  A	
  generation	
  	
  
§  of	
  work	
  by	
  thousands	
  

16	
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§  48	
  years	
  	
  
§  Since	
  idea	
  was	
  hatched	
  

§  20	
  years	
  
§  To	
  design	
  and	
  build	
  

§  3	
  years	
  	
  
§  To	
  acquire	
  the	
  data	
  

§  A	
  generation	
  	
  
§  of	
  work	
  by	
  thousands	
  

17	
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ZZ→	
  eeµµ	
  	
  	
  candidate	
  

e 

e 

µ	



µ	



18	
  

CMS Higgs Results Since 4th July 2012 
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H→	
  ZZ*→	
  4	
  leptons	
  

6.7	
  σ	
  (expect	
  7.1	
  )	
  
Signal	
  strength	
  relative	
  	
  
to	
  the	
  Standard	
  Model:	
  

	
  µ =	
  0.92	
  ±	
  0.28	
  	
  

CMS	
  HIG-­‐13-­‐002	
  

19 

~1	
  in	
  100	
  billion	
  

Moriond 2013 

mH	
  =	
  125.8	
  ±	
  0.5	
  ±	
  0.2	
  (sys.)	
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H→	
  ZZ*→	
  4	
  leptons	
  

6.7	
  σ	
  (expect	
  7.1	
  )	
  
Signal	
  strength	
  relative	
  	
  
to	
  the	
  Standard	
  Model:	
  

	
  µ =	
  0.92	
  ±	
  0.28	
  	
  

CMS	
  HIG-­‐13-­‐002	
  

20 

~1	
  in	
  100	
  billion	
  

H→ γγ	
  

mH	
  =	
  125.4	
  ±	
  0.5	
  ±	
  0.6	
  (syst.)	
  

 (GeV)Hm
110 115 120 125 130 135 140 145 150

Lo
ca

l p
-v

al
ue

-510

-410

-310

-210

-110

1

σ1

σ2

σ3

σ4

 obs.γγ→H
Exp. for SM H

 = 7 TeVs
 = 8 TeVs

-1 = 8 TeV, L = 19.6 fbs  -1 = 7 TeV, L = 5.1 fbsCMS  

CMS preliminary

With	
  additional	
  data,	
  significance	
  
decreased	
  relative	
  to	
  4th	
  of	
  July!!	
  

CMS	
  HIG-­‐13-­‐001	
  

Moriond 2013 

CMS	
  3.2σ	
  (expect	
  4.2σ)	
  
mH	
  =	
  125.4	
  ±	
  0.5	
  (stat.)	
  ±	
  0.6	
  (syst.)	
  

mH	
  =	
  125.8	
  ±	
  0.5	
  ±	
  0.2	
  (sys.)	
  
µ =	
  0.77	
  ±	
  0.27	
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H→	
  ττ	



 [GeV]Hm
110 120 130 140

Lo
ca

l p
-v

al
ue

-810

-710

-610

-510

-410

-310

-210

-110

1

σ5

σ4

σ3

σ2

σ1

p-value observed

p-value expected

CMS -1, L=24.3 fbτ τ→ Preliminary, H

m	
  =	
  120+9
-­‐7	
  GeV	
  	
  

CMS	
  HIG-­‐13-­‐004	
  

~3	
  σ	


First	
  strong	
  
indication	
  of	
  
decay	
  to	
  spin	
  
½	
  particles	
  

                [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
S/

B 
W

ei
gh

te
d 

dN
/d

m

0

200

400

600

800

1000

Observed
SM Higgs (125 GeV)

ττ→Z
tt
electroweak
QCD

                [GeV]ττm
100 150

0

20

40
Data - Background
Bkg. Uncertainty
SM Higgs (125 GeV)

-1 = 7 - 8 TeV ,   L = 24.3 fbsCMS Preliminary,  

hτ-hτ,h
τ-µ,

h
τ,e-µe-

μτh,	
  eτh,	
  eμ,	
  τhτh,	
  μμ	
  

21 

Moriond 2013 
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VH,	
  H→bb 

22 

Mbb	
  	
  all	
  
subchannels	
  

2.1σ (expect	
  2.1σ) 	
  

µ = 1.0 ± 0.5   

7.5σ	


2.1σ	
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The	
  5	
  main	
  decay	
  modes	
  

23 

bb:	
  VH	
  ⊕	
  	
  VBF	
  
WW:	
  ggF⊕	
  VH⊕	
  VBF	
  

HIG-­‐13-­‐005	
  

3.4 σ 
mH = 125.7 

mass (GeV)
1 2 3 4 5 10 20 100 200

1/
2

 o
r (

g/
2v

)
λ

-210

-110

1
W Z

t

b
τ

68% CL
95% CL
68% CL
95% CL

CMS Preliminary -1 19.6 fb≤ = 8 TeV, L s  -1 5.1 fb≤ = 7 TeV, L s

3.4σ	
  Evidence	
  for	
  H→	
  ff	
  
Br(H→χχ)	
  <	
  75%	
  (91%	
  exp.)	
  @	
  95%	
  CL	
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σ/σSM	
  ,	
  Mass	
  (γγ	
  ⊕	
  ZZ)	
  ,	
  Couplings,	
  JPC	
  

24 

m	
  =	
  125.7	
  ±	
  0.3	
  ±	
  0.3	
  GeV	
  

CERN April 15, 2013 

CMS PAS HIG-13-005 

HIG-13-012 

4.2 Mass of the observed state 9

4.2 Mass of the observed state

To measure the mass of the observed state, we use the ZZ ! 4` and gg channels that have
excellent mass resolution (Table 1). Figure 1 (left) shows 2D 68% CL regions for the two pa-
rameters of interest, the signal strength modifier µ and the mass mX, for these channels. The
combined 68% CL contour shown with a black line in Fig. 1 (left) is calculated assuming the SM
Higgs boson relative event yield between the two channels, while the overall signal strength is
left as a free parameter.

To extract the value of mX in a model-independent way, the signal strength modifiers for the
gg ! H ! gg, VBF+VH! gg, and H ! ZZ ! 4` processes are assumed to be independent
and, thus, not tied to the SM expectation. The signal in all channels is assumed to be due to a
state with a unique mass, mX. The mass mX and its uncertainty are extracted from a scan of the
combined test statistic q(mX) with the three signal strength modifiers profiled in the same way
as all other nuisance parameters. Figure 1 (right) shows the scan of the test statistic as a function
of the mass mX for the two final states separately and their combination. The intersections of
the q(mX) curves with the horizontal thick line at 1 and thin line at 3.8 define the 68% and 95%
CL intervals for the mass of the observed particle, respectively. These intervals include both
statistical and systematic uncertainties. The 68% CL interval is mX =125.7 ± 0.4 GeV.

To evaluate the statistical component of the overall error, we also perform a scan of the test
statistic q(mX) with all nuisance parameters fixed to their best-fit values. The result is shown by
the dashed line in Fig. 2. The crossings of the dashed line with the thick horizontal line define
the statistical error (68% CL interval) in the mass measurement: mX = 125.7 ± 0.3 (stat.) GeV.
Assuming that the total error is the sum in quadrature of the statistical and systematic compo-
nents, we extract a systematic error of ±0.3 (syst.) GeV. Therefore, the final mass measurement
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Figure 1: (Left) The 68% CL contours for the signal strength s/sSM versus the boson mass mX
for the gg and 4` final states, and their combination. The symbol s/sSM denotes the production
cross section times the relevant branching fractions, relative to the SM expectation. In this com-
bination, the relative signal strength for the two decay modes is constrained by the expectation
for the SM Higgs boson. (Right) 1D-scan of the test statistic q(mX) = �2 D ln L versus the boson
mass mX for the gg and 4` final states separately and for their combination. In this combination
three independent signal strengths, gg ! H ! gg, VBF+VH! gg, and H ! ZZ ! 4`, are
profiled together with all other nuisance parameters.
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Figure 8: The 68% CL contours for individual channels (coloured swaths) and for the over-
all combination (solid line) for the (kV, kf) parameters. The cross indicates the global best-fit
values. The thin contour shows the 95% CL range for the combination. The yellow diamond
shows the SM point (kV, kf) = (1, 1). The left plot shows the likelihood scan in two quadrants
(+,+) and (+,�), the right plot shows the positive quadrant only.
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Figure 9: The 2D likelihood scan for the kg and kg parameters, assuming that GBSM = 0, i.e.
no new Higgs boson decay modes are open. The cross indicates the best-fit values. The solid,
dashed and dotted contours show the 68%, 95% and 99.7% CL regions, respectively. The yellow
diamond shows the SM point (kg, kg) = (1, 1). The partial widths associated with the tree-level
production processes and decay modes are assumed to be unaltered (k = 1).

µ	
  =	
  0.80	
  ±	
  0.14	
  	
  
§  Negligible	
  change	
  for	
  new	
  VH(bb)	
  result:	
  µ	
  =	
  1.15	
  ±	
  0.62	
  →	
  1.00	
  ±	
  0.50	
  

m	
  =	
  125.7	
  ±	
  0.3	
  ±	
  0.3	
  GeV	
  	
  
§  0.5%	
  precision	
  already	
  

0++	
  is	
  preferred	
  over	
  2++,	
  0-­‐+	
  at	
  2.8, 3.3σ, respectively	
  

µ=0.80±0.14 

HIG-­‐13-­‐005	
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High	
  Mass	
  Searches	
  and	
  new	
  ttH	
  results	
  

WW→2l2ν WW→lνjj Interpretation	
  in	
  EW-­‐singlet	
  models	
  
and	
  LHC	
  XS	
  WG	
  benchmark	
  models:	
  
lνjj	
  	
  	
  	
  	
  HIG-­‐13-­‐008	
  
2l2ν  HIG-­‐13-­‐014	
  

28 

2l2q	
  	
  HIG-­‐12-­‐024	
  
4l	
  	
  	
  	
  	
  	
  	
  HIG-­‐13-­‐002	
  
llνν	
  	
  HIG-­‐13-­‐014	
  

ZZ	
  channels	
  combined	
  

H→	
  γγ         HIG-­‐13-­‐015	
  
H→	
  bb, tt   HIG-­‐13-­‐019	
  

arXiv:1303.0763	
  

ttH: H→	
  bb, tt,	
  γγ	
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§  First	
  differential	
  inclusive	
  jet	
  cross	
  
section	
  measurement	
  at	
  8	
  TeV	
  	
  	
  
§  Important	
  input	
  to	
  PDF	
  fits	
  

Jet	
  Physics	
  Highlights	
  

SMP-­‐12-­‐012	
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10 5 Determination of aS(MZ)

Q (GeV)10 210 310
(Q

)
S

α

0.06

0.08
0.1

0.12
0.14
0.16
0.18
0.2

0.22
0.24    +0.0055

-0.0023
)=0.1148

Z
(MSα :  32CMS R

  32CMS R
D0 inclusive jets  
D0 angular correlation  
H1  
ZEUS  

Figure 3: The strong coupling aS(Q) (solid line) and its total uncertainty (band) evolved from
the CMS determination aS(MZ) = 0.1148+0.0055

�0.0023 using a 3-loop solution to the RGE as a function
of the momentum transfer Q = hpT1,2i. The extractions of aS(Q) in three separate ranges of Q
as presented in Table 3 are shown together with results from the H1 [41, 42], ZEUS [43], and
D0 [5, 40] experiments at the HERA and Tevatron colliders.

§  First	
  differential	
  inclusive	
  jet	
  cross	
  
section	
  measurement	
  at	
  8	
  TeV	
  	
  	
  
§  Important	
  input	
  to	
  PDF	
  fits	
  

Jet	
  Physics	
  Highlights	
  

QCD-­‐11-­‐003	
  
arXiv:1304.7498	
  

SMP-­‐12-­‐012	
  

	
  	
  	
  	
  	
  	
  New	
  αS	
  measurement	
  via	
  ratio	
  R32:	
  
αS(MZ)	
  =	
  0.1148	
  ±	
  0.0014	
  (exp.)	
  ±	
  0.0018	
  (PDF)	
  +0.005-­‐0.0	
  (scale)	
  
	
  
   Many	
  theoretical	
  uncertainties	
  (related	
  to	
  choice	
  of	
  

renormalization	
  and	
  factorization	
  scales,	
  µr	
  and	
  mf	
  ,	
  or	
  to	
  
non-­‐perturbative	
  effects),	
  are	
  reduced	
  in	
  the	
  3	
  to	
  2	
  jets	
  
cross	
  sections	
  ratio.	
  

31 
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§ Direct	
  access	
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§ Direct	
  access	
  to	
  s-­‐quark	
  PDF	
  

§  σ x	
  Br:	
  	
  pp→bbW,	
  W→µν	
  =	
  0.53	
  ±	
  0.12	
  pb	
  	
  
§  NLO	
  prediction:	
  0.52	
  ±	
  0.03	
  pb	
  

§  σ	
  x	
  Br:	
  pp→bbZ,	
  Z→ll	
  =	
  0.36	
  ±	
  0.07	
  pb	
  	
  
	
  

	
   	
  	
   	
   	
  √s	
  =	
  7	
  TeV	
  and	
  pTb	
  >	
  25	
  GeV 	
  	
  	
  

V+jets Highlights 

SMP-­‐12-­‐002	
  

SMP-­‐12-­‐026	
  

SMP-­‐13-­‐004	
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Figure 7: Comparison of the measured muon charge asymmetries to predictions with CT10 [3],
NNPDF2.3 [33], HERAPDF1.5 [36], MSTW2008 [2], and MSTW2008CPDEUT [14] NLO PDF
models. Results for muon pT > 25 GeV and muon pT > 35 GeV are shown on the top and
bottom panels, respectively. The error bars include both statistical and systematic uncertainties.
The PDF uncertainty band corresponds to 68% confidence level (C.L.). The data points are
shown at the center of each pseudorapidity bin. The theoretical predictions are calculated using
the FEWZ 3.0 [31] MC.
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γWW     0.20 TeV-1[- 15000, 15000]   0.43fb
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 WW→ γγ     7.0   TeV-1[- 4, 4]           5.05fb
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Figure 6: Comparison of the limits on the WWgg aQGC parameter from this study, exclusive
gg ! WW CMS [16], L3 [6] and D0 [39] Collaborations.
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  and	
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  cross	
  sections	
  
Wγ:	
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  (ex)±	
  0.06(th)	
  
Zγ:	
  σ/σSM	
  =	
  0.98	
  ±	
  0.05	
  (ex)±	
  0.05(th)	
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Figure 7: Comparison of the measured muon charge asymmetries to predictions with CT10 [3],
NNPDF2.3 [33], HERAPDF1.5 [36], MSTW2008 [2], and MSTW2008CPDEUT [14] NLO PDF
models. Results for muon pT > 25 GeV and muon pT > 35 GeV are shown on the top and
bottom panels, respectively. The error bars include both statistical and systematic uncertainties.
The PDF uncertainty band corresponds to 68% confidence level (C.L.). The data points are
shown at the center of each pseudorapidity bin. The theoretical predictions are calculated using
the FEWZ 3.0 [31] MC.
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  CL	
  Limit	
   95%	
  CL	
  Limit	
  

WWγ	
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  <	
  kγ	
  <	
  0.29	
   -­‐0.050	
  <	
  lγ <	
  0.037	
  

Zγγ	

 -­‐0.010	
  <	
  h3
γ	
  <	
  0.010	
   |h4

γ|	
  <	
  8.8x10-­‐5	
  

ZZγ	

 -­‐0.0086	
  <	
  h3
Z	
  <	
  0.0084	
   -­‐8.0x10-­‐5	
  <	
  h4

Z	
  <	
  7.9x10-­‐5	
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§ Use W(lν) decays for both W’s  
§ Max sensitivity in eµ channel 

§ Selection based on BDT  
§  Jet, b-jet multiplicity categories 

§ Observed 6σ (5.4σ expected) 
§  σ = 23.4+5.5

-5.4 pb 
§ Vtb > 0.78 @ 95% CL 

	
  

Observation of tW Production 

1

1 Introduction

Electroweak production of single top quarks has been first observed at the Tevatron by the D0
[1] and CDF [2] experiments. Single-top-quark production proceeds mainly via three processes:
the t-channel exchange of a virtual W boson, the s-channel production and decay of a virtual
W boson, and the associated production of a top quark and a W boson (tW). The latter chan-
nel, which has a negligible production cross section at the Tevatron, represents a significant
contribution to single-top-quark production at the Large Hadron Collider (LHC). Associated
tW production is a very interesting production mechanism because of its interference with top
quark pair production [3–5], its sensitivity to new physics [6–8] and its role as a background
to several SUSY and Higgs searches. The ATLAS and Compact Muon Solenoid (CMS) experi-
ments have measured the cross section for t-channel production [9–12] while evidence for tW
associated production has been presented by the ATLAS [13] and CMS experiments [14]. This
analysis presents the first observation of tW production by the CMS experiment in pp collisions
at

p
s = 8 TeV.

Figure 1: Leading order Feynman diagrams for single-top-quark production in the tW mode,
the charge-conjugate modes are implicitly included.

The theoretical prediction of the cross section for tW in pp collisions at
p

s = 8 TeV, assuming
a top-quark mass (mt) of 172.5 GeV, is 22.2 ± 0.6 ± 1.4 pb [15], computed at approximate next-
to-next leading order. The first uncertainty corresponds to scale variation and the second to
parton distribution function (pdf) sets.
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Figure 2: Feynman diagrams for tW single-top-quark production at next-to-leading order that
are removed from the signal definition in the DR scheme, the charge-conjugate modes are im-
plicitly included.

The Feynman diagrams for tW production are shown for leading order (LO) in Figure 1 and
at next-to-leading order (NLO) in Figure 2. These NLO diagrams present a conceptual issue,
as at NLO the definition of tW production in perturbative QCD mixes with top quark pair
production (tt) [3–5]. Two schemes for describing the tW signal have been proposed: “diagram
removal” (DR) [3], where the doubly resonant NLO diagrams, such as those in Figure 2, are
excluded from the definition of the signal; and “diagram subtraction” [3, 16], in which the
differential cross section is modified with a gauge-invariant subtraction term, which locally
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Figure 5: Distribution of BDT discriminant for data and simulation separated in the 1j1t signal
region (left) and the 2j1t (center) and 2j2t (right) control regions for events in all three dilepton
channels.
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Figure 6: Distribution of BDT discriminant for data and simulation separated in the 1j1t signal
region (left) and the 2j1t (center) and 2j2t (right) control regions for events in the eµ channel.
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Figure 7: Distribution of BDT discriminant for data and simulation separated in the 1j0t (left)
and 2j0t (right) control regions for events in all three dilepton channels.
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Figure 7: Comparison of CMS 90% CL upper limits on the dark matter-nucleon cross section
versus dark matter mass for the vector operator with CDF [54], SIMPLE [55], CDMS [21],
COUPP [56], Super-K [26] and IceCube [25] and for the axial-vector operator with CDF [54],
XENON100 [18], CoGeNT [19] and CDMS [21, 22]
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Figure 8: CMS 90% CL upper limits on the dark matter-nucleon cross section versus dark matter
mass for the scalar operator. Also shown for comparison are the limits from the vector operator.

function of the number of extra dimensions and the production of Unparticles. These
constraints are an improvement over previous results.
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6 5 Background estimate from data
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Figure 2: Missing transverse momentum Emiss
T after all selection cuts for data and SM back-

grounds. Representative signal distributions for dark matter, ADD and Unparticles are also
overlaid. Events with Emiss

T > 1 TeV are included in the overflow bin.
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Figure 3: The dimuon invariant mass and dimuon pT distributions for data (black full points
with error bars) and simulation (histogram) for 60 < Mµµ < 120 GeV/c2. The MC prediction
has been normalized to the data yields. There is no significant non-Z background.

to Z+jets where the Z decays to muons. By treating the pair of muons as a pair of neutrinos, the
topology of the Z(nn) process is reproduced. The number of Z(nn) events can then be predicted
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Figure 2: Missing transverse momentum Emiss
T after all selection cuts for data and SM back-

grounds. Representative signal distributions for dark matter, ADD and Unparticles are also
overlaid. Events with Emiss

T > 1 TeV are included in the overflow bin.
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Figure 3: The dimuon invariant mass and dimuon pT distributions for data (black full points
with error bars) and simulation (histogram) for 60 < Mµµ < 120 GeV/c2. The MC prediction
has been normalized to the data yields. There is no significant non-Z background.

to Z+jets where the Z decays to muons. By treating the pair of muons as a pair of neutrinos, the
topology of the Z(nn) process is reproduced. The number of Z(nn) events can then be predicted
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constraints are an improvement over previous results.
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  DM	
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  for	
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  mediators	
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2	
  fat	
  jets	
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  M	
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  TeV	
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  TeV	
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CMSSM in context  

§ LHC excludes squarks and 
gluinos > 1 TeV and > 1.8 TeV 
respectively in the CMSSM 

§  But, this is only really probing a tiny 
part of a large parameter space 
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Ca. Moriond 2013 
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30	
  years	
  searching:	
  Bd/s	
  →	
  µµ	



§  BR(Bs→μμ)	
  =	
  (3.56±0.18)×10-­‐9	
  	
  	
  
§  SM	
  time	
  integrated	
  	
  

§  Forbidden	
  at	
  tree	
  level	
  
§  Helicity	
  suppressed	
  

­  Cabibbo	
  enhancement	
  of	
  Bs→μμ	
  over	
  Bd	
  
→μμ	
  	
  since	
  |Vtd|	
  <	
  |Vts|	
  

§  A	
  good	
  place	
  to	
  look	
  for	
  
enhancements	
  from	
  new	
  physics	
  via	
  
loop/box	
  contributions	
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§  The	
  results:	
  
§  B(Bs	
  →	
  µµ)	
  =	
  (3.0+1.0

-­‐0.9)	
  x	
  10-­‐9	
  

§  B(Bd	
  →	
  µµ)	
  <	
  1.1x	
  10-­‐9	
  (9.2	
  x	
  10-­‐10)	
  
   B(Bd	
  →	
  µµ)	
  =	
  (3.5+2.1-­‐1.8)x10-­‐10	
  	
  
   Significance	
  ~2σ	
  

Bd/s(µµ)	
  Results	
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Figure 2: Left, scan of the ratio of the joint likelihood for B(B0
s ! µ+µ�) and B(B0 ! µ+µ�).

As insets, the likelihood ratio scan for each of the branching fractions when the other is pro-
filed together with other nuisance parameters; the significance at which the background-only
hypothesis is rejected is also shown. Right, observed and expected CLS for B0 ! µ+µ� as a
function of the assumed branching fraction.
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Figure 3: Plots illustrating the combination of all categories used in the categorized-BDT
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s peak
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As insets, the likelihood ratio scan for each of the branching fractions when the other is pro-
filed together with other nuisance parameters; the significance at which the background-only
hypothesis is rejected is also shown. Right, observed and expected CLS for B0 ! µ+µ� as a
function of the assumed branching fraction.
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1D+cat:	
  4.3σ	
  (4.8σ exp.)	
  	
   1D:	
  4.8σ	
  (4.7σ exp.)	
  	
  



12
 A

ug
us

t 2
01

3 
- C

M
S

 H
ig

hl
ig

ht
s 

- W
in

do
w

s 
on

 th
e 

U
ni

ve
rs

e 
- Q

uy
 N

ho
n 

Vi
et

na
m

 -J
. I

nc
an

de
la

 - 
U

C
S

B
/C

E
R

N
  

Combination	
  for	
  an	
  Observation	
  

Courtesy of Justine Serrano (LHCb CERN Seminar August 6, 2013) 

BPH-­‐13-­‐007	
  
LHCb-­‐CONF-­‐2013-­‐012	
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Higgs	
  discovery	
  papers:	
  ~1500	
  citations	
  each	
  (and	
  increasing	
  at	
  100/month)	
  
Courtesy G. Dissertori 
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§  Run	
  1	
  has	
  been	
  a	
  success	
  
§  More	
  results	
  to	
  come	
  this	
  year	
  

	
  
§  Run	
  2	
  and	
  beyond	
  
§  Extend	
  searches	
  and	
  precision	
  
measurements	
  significantly	
  

§  Lots	
  more	
  to	
  come…	
  
§  The	
  LHC	
  is	
  a	
  Higgs	
  (and	
  top,	
  
W,	
  Z	
  …)	
  factory,	
  	
  superb	
  for	
  
precision	
  measurements	
  and	
  
for	
  uncovering	
  rare	
  physics	
  

What’s	
  next?	
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Laser calibration:Automated 48-hour calib. loop. 

Ev
en

	
  b
et
te
r	
  p

er
fo
rm

an
ce

	
  

ECAL	
  response	
  and	
  m(γγ)	
  resolution	
  
7 TeV: 25% improvement over one year 

4.35 GeV FWHM = 4.23 () GeV 3.29 GeV 3.2 GeV (σ~1.3 GeV) 

8 TeV 

7 
TeV 

LP – Aug 2011 EPS – Jul 2011 Moriond – Feb 2012 ICHEP – Jul 2012 

3.7 GeV 

date (day/month)
12/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06

Re
la

tiv
e 

E/
p 

sc
al

e

0.93
0.94
0.95
0.96
0.97
0.98
0.99

1
1.01
1.02
1.03

with LM correction
without LM correction
1 / LM correction

CMS 2012 Preliminary
-1 = 8 TeV   L = 3.95 fbs

ECAL Barrel: Prompt Reco

Mean        1
RMS    0.0019

0 50 100

Mean        1
RMS    0.0019
Mean     0.97
RMS    0.0063

CMS-­‐
DP-­‐2012-­‐015	
  

HIG-­‐11-­‐010	
  	
   HIG-­‐11-­‐021	
  	
   HIG-­‐12-­‐001	
   HIG-­‐12-­‐015	
  

E/p	
  scale	
  stable	
  to	
  0.2%	
  



12
 A

ug
us

t 2
01

3 
- C

M
S

 H
ig

hl
ig

ht
s 

- W
in

do
w

s 
on

 th
e 

U
ni

ve
rs

e 
- Q

uy
 N

ho
n 

Vi
et

na
m

 -J
. I

nc
an

de
la

 - 
U

C
S

B
/C

E
R

N
  

§  H(γγ)	
  analyses	
  are	
  used	
  to	
  	
  
§  Look	
  for	
  additional	
  Higgs’	
  	
  
§  Set	
  a	
  limit	
  on	
  the	
  Higgs	
  width	
  
§  Study	
  the	
  Higgs	
  spin-­‐parity	
  	
  

Higgs	
  Properties	
  in	
  H(γγ)	
  
HIG-­‐13-­‐016	
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High	
  Mass	
  Higgs	
  Searches	
  

Sensitivity	
  to	
  ~	
  1	
  TeV	
  

ZZ→4l 

ZZ→2l2ν 

WW→2l2ν 

WW→lνjj Interpretation	
  of	
  data	
  in	
  
EW-­‐singlet	
  models	
  and	
  
LHC	
  XS	
  WG	
  benchmark	
  
models:	
  
CMS-­‐PAS-­‐HIG-­‐13-­‐008	
  
CMS-­‐PAS-­‐HIG-­‐13-­‐014	
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Higgs boson mass [GeV]
200 400 600 800 1000

thσ
 / 

95
%

σ
 =

 
µ

-110

1

10
=8 TeVs at -1 L=19.6fb∫=7 TeV, s at -1 L=5.0fb∫CMS preliminary, 

SM prediction
median expected

σ 1±expected 
σ 2±expected 

observed
τ4l+2l2

ν2l2
2l2q

New	
  mini-­‐combinations	
  

HIG-­‐12-­‐024	
  
HIG-­‐13-­‐002	
  
HIG-­‐13-­‐014	
  

HIG-­‐12-­‐015	
  
HIG-­‐13-­‐019	
  

arXiv:1303.0763	
  

 (GeV)Hm
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SMσ/σ
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0
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10 Observed 
ttH(125) injected

σ 1±Expected 

σ 2±Expected 

γγ, ττ, bCMS preliminary          b -1 = 8 TeV, L = 19.5 fbs; -1 = 7 TeV, L = 5.0 fbs 

ttH with H→	
  bb, tt	
  and	
  γγ	
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ZZ	
  high	
  mass	
  channels	
  

More	
  channels	
  under	
  study	
  –	
  reported	
  soon	
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  §  New	
  ZH	
  analysis	
  	
  

§  Z	
  decaying	
  leptonically	
  and	
  Higgs	
  
decaying	
  invisibly	
  

§  Use	
  transverse	
  mass	
  as	
  the	
  
discriminating	
  variable	
  

§  CMS	
  (5+20	
  G-­‐1):	
  
   Br(H→χχ)	
  <	
  75%	
  (91%	
  exp.)	
  @	
  95%	
  
CL,	
  mH	
  =	
  125	
  GeV	
  

Invisible	
  Higgs	
  

9

of events are modeled as a Poisson random variable, where the mean value is the sum of the
contributions from signal and background processes. The mT distributions used in the analysis
are shown in Figure 2 .
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Figure 2: Transverse mass distributions used in the analysis. The expected distributions from
different background processes are stacked on top of each other while a signal corresponding
to mH = 125 GeV is superimposed. The grey bands are total statistical and systematic uncer-
tainties of backgrounds. 7 TeV (8 TeV) events are shown on the left (right). Electron events and
muon events are combined.

The 95% observed and median expected confidence level upper limits computed with the CLs
method are shown in Figure 3. For a Higgs boson with mH = 125 GeV, assuming the SM
production rate, the observed (expected) upper limit on the branching fraction to invisible par-
ticles is 75% (91%) at 95% CL, comparable with indirect limits from fits of coupling deviations
by ATLAS [10] and CMS [9]. The performance of the cross-check analysis is comparable with
respect to the principal analysis, as summarized in Appendix A.
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Figure 3: (left) Expected and observed 95% CL upper limits on the cross section times branching
fraction, sZH ⇥BR(ZH ! ``+ invisible). The blue dash line is SM ZH production cross section
multiplied by BR(Z ! ``) with theoretical uncertainties, assuming BR(H ! invisible) is 100%.
BR(Z ! ``) is the branching fraction of a Z boson decaying to all three types of charged
leptons [47]. (right) Expected and observed 95% CL upper limits on sZH ⇥ BR(H ! invisible)
relative to the SM Higgs production cross section.

9

of events are modeled as a Poisson random variable, where the mean value is the sum of the
contributions from signal and background processes. The mT distributions used in the analysis
are shown in Figure 2 .
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Figure 2: Transverse mass distributions used in the analysis. The expected distributions from
different background processes are stacked on top of each other while a signal corresponding
to mH = 125 GeV is superimposed. The grey bands are total statistical and systematic uncer-
tainties of backgrounds. 7 TeV (8 TeV) events are shown on the left (right). Electron events and
muon events are combined.

The 95% observed and median expected confidence level upper limits computed with the CLs
method are shown in Figure 3. For a Higgs boson with mH = 125 GeV, assuming the SM
production rate, the observed (expected) upper limit on the branching fraction to invisible par-
ticles is 75% (91%) at 95% CL, comparable with indirect limits from fits of coupling deviations
by ATLAS [10] and CMS [9]. The performance of the cross-check analysis is comparable with
respect to the principal analysis, as summarized in Appendix A.
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Figure 3: (left) Expected and observed 95% CL upper limits on the cross section times branching
fraction, sZH ⇥BR(ZH ! ``+ invisible). The blue dash line is SM ZH production cross section
multiplied by BR(Z ! ``) with theoretical uncertainties, assuming BR(H ! invisible) is 100%.
BR(Z ! ``) is the branching fraction of a Z boson decaying to all three types of charged
leptons [47]. (right) Expected and observed 95% CL upper limits on sZH ⇥ BR(H ! invisible)
relative to the SM Higgs production cross section.

HIG-­‐13-­‐018	
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§  Precision	
  measurement	
  of	
  Wγ	
  and	
  
Zγ	
  production	
  cross	
  section	
  and	
  	
  
§  Most	
  stringent	
  limits	
  on	
  anomalous	
  
WWγ	
  and	
  Zγγ	
  couplings	
  to	
  date	
  

Triple	
  Gauge	
  Couplings	
  

Coupling	
   95%	
  CL	
  Limit	
   95%	
  CL	
  Limit	
  

WWγ	

 -­‐0.38	
  <	
  kγ	
  <	
  0.29	
   -­‐0.050	
  <	
  lγ <	
  0.037	
  
Zγγ	

 -­‐0.010	
  <	
  h3

γ	
  <	
  0.010	
   |h4
γ|	
  <	
  8.8x10-­‐5	
  

ZZγ	

 -­‐0.0086	
  <	
  h3
Z	
  <	
  0.0084	
   -­‐8.0x10-­‐5	
  <	
  h4

Z	
  <	
  7.9x10-­‐5	
  

EWK-­‐11-­‐009	
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§  R=Br(t→Wb)/Br(t→Wq)	
  
§  R	
  =	
  1.023	
  +0.036	
  –0.034	
  

§  Search	
  for	
  FCNC	
  t→Zq:	
  	
  
§  Br(t	
  →Zq)	
  <	
  0.07%	
  @	
  95%	
  CL	
  

§  New	
  W	
  helicity	
  
§  In	
  single-­‐top	
  and	
  tt	
  dileptons	
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Figure 3: Dijet transverse momentum ratio (pT,2/pT,1) distributions for leading jets with
pT,1 > 120 GeV/c, subleading jets of pT,2 > 30 GeV/c and Df1,2 > 2p/3. The first panel repre-
sents the minimum bias collisions without any selection on the HF transverse energy EHF[|h|>4]

T ,
while the next five panels show the distributions in different EHF[|h|>4]

T classes. Results for pPb
events are shown as red solid circles, while results for the simulated pp reference are shown as
blue hatched histograms. The black histograms show the results for PYTHIA+HIJING simulated
events. The arrows show the mean values of the distributions. The error bars represent the
statistical uncertainties and the total systematic uncertainties are shown as yellow boxes.

6.1 Dijet momentum balance

As a function of collision centrality (i.e., the degree of overlap of the two colliding nuclei), dijet
events in PbPb collisions were found to have an increasing momentum imbalance [8, 9, 11].
The same analysis is performed in pPb collisions. To characterize the dijet momentum balance
(or imbalance) quantitatively, we use the dijet transverse momentum ratio pT,2/pT,1. As shown
in Fig. 3, pT,2/pT,1 distributions measured in pPb data and PYTHIA agree within the systematic
uncertainty in different EHF[|h|>4]

T intervals, including the event class with the largest forward
calorimeter activity (0–2.5%). The residual difference in the dijet momentum ratio between
data and PYTHIA+HIJING simulation is due to the slightly better jet energy resolution in MC
simulation compared to data. In order to compare the dijet pT ratio distribution to that in PbPb
collisions, PbPb data collected at

p
sNN = 2.76 TeV passing the same dijet selection are re-

weighted to match the EHF[|h|>4]
T distributions measured in each HF activity class. Within the

large statistical uncertainty in PbPb data, the dijet pT ratio spectra in PbPb and pPb collisions
are consistent with each other.

6.2 Dijet azimuthal correlations

Earlier studies of the dijet and photon-jet events in heavy-ion collisions [8–11] have shown very
small modifications of dijet azimuthal correlations in PbPb collisions despite the large changes
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Figure 5: Subleading jet transverse momentum fraction (pT,2/pT,1), in bins of leading jet trans-
verse momentum from 120 < pT,1 < 150 GeV/c to pT,1 > 300 GeV/c for subleading jets of
pT,2 > 30 GeV/c and Df1,2 > 2p/3 between leading and subleading jets. Results for 0–20%
central PbPb events are shown as points, while the histogram shows the results for PYTHIA
dijets embedded into HYDJET PbPb simulated events. The arrows show the mean values of the
distributions and the error bars represent the statistical uncertainties.
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Figure 3: Dijet transverse momentum ratio (pT,2/pT,1) distributions for leading jets with
pT,1 > 120 GeV/c, subleading jets of pT,2 > 30 GeV/c and Df1,2 > 2p/3. The first panel repre-
sents the minimum bias collisions without any selection on the HF transverse energy EHF[|h|>4]

T ,
while the next five panels show the distributions in different EHF[|h|>4]

T classes. Results for pPb
events are shown as red solid circles, while results for the simulated pp reference are shown as
blue hatched histograms. The black histograms show the results for PYTHIA+HIJING simulated
events. The arrows show the mean values of the distributions. The error bars represent the
statistical uncertainties and the total systematic uncertainties are shown as yellow boxes.

6.1 Dijet momentum balance

As a function of collision centrality (i.e., the degree of overlap of the two colliding nuclei), dijet
events in PbPb collisions were found to have an increasing momentum imbalance [8, 9, 11].
The same analysis is performed in pPb collisions. To characterize the dijet momentum balance
(or imbalance) quantitatively, we use the dijet transverse momentum ratio pT,2/pT,1. As shown
in Fig. 3, pT,2/pT,1 distributions measured in pPb data and PYTHIA agree within the systematic
uncertainty in different EHF[|h|>4]

T intervals, including the event class with the largest forward
calorimeter activity (0–2.5%). The residual difference in the dijet momentum ratio between
data and PYTHIA+HIJING simulation is due to the slightly better jet energy resolution in MC
simulation compared to data. In order to compare the dijet pT ratio distribution to that in PbPb
collisions, PbPb data collected at

p
sNN = 2.76 TeV passing the same dijet selection are re-

weighted to match the EHF[|h|>4]
T distributions measured in each HF activity class. Within the

large statistical uncertainty in PbPb data, the dijet pT ratio spectra in PbPb and pPb collisions
are consistent with each other.

6.2 Dijet azimuthal correlations

Earlier studies of the dijet and photon-jet events in heavy-ion collisions [8–11] have shown very
small modifications of dijet azimuthal correlations in PbPb collisions despite the large changes
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Figure 2: Missing transverse momentum Emiss
T after all selection cuts for data and SM back-

grounds. Representative signal distributions for dark matter, ADD and Unparticles are also
overlaid. Events with Emiss
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Figure 3: The dimuon invariant mass and dimuon pT distributions for data (black full points
with error bars) and simulation (histogram) for 60 < Mµµ < 120 GeV/c2. The MC prediction
has been normalized to the data yields. There is no significant non-Z background.

to Z+jets where the Z decays to muons. By treating the pair of muons as a pair of neutrinos, the
topology of the Z(nn) process is reproduced. The number of Z(nn) events can then be predicted

n	
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  for	
  Top	
  Partners	
  

Expected Observed 

9

Figure 5: Observed and expected distributions of ST from the same sign dilepton sample.

The selection efficiencies and expected numbers of events for the T quark signal, assuming
nominal branching fractions, are summarized in Table 4.

Table 3: Number of events predicted for background processes and observed in collision data
in the opposite sign dilepton samples with two or three jets (OS1) and with at least 5 jets (OS2),
the same sign dilepton sample (SS), and the Trilepton sample.

channel OS1 OS2 SS trileptons
tt 5.2±1.9 80 ±12 - -
single top 2.5±1.3 2.0±1.0 - -
Z 9.7±2.9 2.5±1.9 - -
ttW - - 5.8 ±1.9 0.25±0.11
ttZ - - 1.83±0.93 1.84±0.94
WW - - 0.53±0.29 -
WZ - - 0.34±0.08 0.40±0.21
ZZ - - 0.03±0.00 0.07±0.01
WWW/WWZ/ZZZ/WZZ - - 0.13±0.07 0.08±0.04
ttWW - - - 0.05±0.03
charge mis-ID - - 0.01±0.00 -
non-prompt - - 7.9 ±4.3 0.99±0.90
total background 17.4±3.7 84 ±12 16.5 ±4.8 3.7 ±1.3
data 20 86 18 2

In case of the multilepton samples the numbers of events expected from background and the
T quark signal are of similar order of magnitude and therefore we use the event count in the
different multilepton samples, separated by lepton flavor, for the limit computation. We sepa-
rate the dilepton samples into ee, eµ, and µµ subsamples and the trilepton sample into an eee
subsample, a µµµ subsample, and a subsample containing all events with mixed lepton flavors
for a total of twelve numbers.

7 Limit computation and systematic uncertainties

We compute 95% confidence level upper limits for the production cross section of T quarks for
each value of the T quark mass between 500 and 1500 GeV in 100 GeV steps using Bayesian

7

Figure 3: Same as Fig. 2 but for the subset of events in the signal sample without b-tagged jets.
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Figure 7: Observed and expected frequentist CLs cross section limits using the asymptotic
calculator. The left plot is for the light-flavor gluinos, and the right is for heavy-flavor gluinos.
The limits for heavy-flavor gluinos cover two searches, for low-mass gluinos ranging from 200–
600 GeV, and for high-mass gluinos covering the remainder of the mass range up to 1400 GeV.
The solid red lines give the theory prediction, with the dotted red lines representing its one-s
uncertainty bands.

criteria optimized using the RPV SUSY model for gluino pair production in a six-jet final state.245

Two different scenarios of this RPV decay have been considered: gluinos decaying exclusively246

to light-flavor jets and gluinos decaying to at least one b jet and two light-flavor jets. Events247

with high jet multiplicity and a large scalar sum of jet pT have been analyzed for presence248

of signal events, and agreement has been found between the expected SM QCD background249

and all selected events. The production of RPV gluinos decaying into light-flavor jets has been250

excluded for masses below 650 GeV at a 95% CL. Heavy-flavor gluinos have been also excluded251

at a 95% CL for masses between 200 and 835 GeV, which is the most stringent limit to date for252

this model of gluino decay.253
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Figure 7: Observed and expected frequentist CLs cross section limits using the asymptotic
calculator. The left plot is for the light-flavor gluinos, and the right is for heavy-flavor gluinos.
The limits for heavy-flavor gluinos cover two searches, for low-mass gluinos ranging from 200–
600 GeV, and for high-mass gluinos covering the remainder of the mass range up to 1400 GeV.
The solid red lines give the theory prediction, with the dotted red lines representing its one-s
uncertainty bands.

criteria optimized using the RPV SUSY model for gluino pair production in a six-jet final state.245

Two different scenarios of this RPV decay have been considered: gluinos decaying exclusively246

to light-flavor jets and gluinos decaying to at least one b jet and two light-flavor jets. Events247

with high jet multiplicity and a large scalar sum of jet pT have been analyzed for presence248

of signal events, and agreement has been found between the expected SM QCD background249

and all selected events. The production of RPV gluinos decaying into light-flavor jets has been250

excluded for masses below 650 GeV at a 95% CL. Heavy-flavor gluinos have been also excluded251

at a 95% CL for masses between 200 and 835 GeV, which is the most stringent limit to date for252

this model of gluino decay.253

Acknowledgments254

We congratulate our colleagues in the CERN accelerator departments for the excellent255

performance of the LHC and thank the technical and administrative staffs at CERN and at256

other CMS institutes for their contributions to the success of the CMS effort. In addition, we257

gratefully acknowledge the computing centres and personnel of the Worldwide LHC258

Computing Grid for delivering so effectively the computing infrastructure essential to our259

analyses. Finally, we acknowledge the enduring support for the construction and operation of260

the LHC and the CMS detector provided by the following funding agencies: BMWF and FWF261

(Austria); FNRS and FWO (Belgium); CNPq, CAPES, FAPERJ, and FAPESP (Brazil); MES262

(Bulgaria); CERN; CAS, MoST, and NSFC (China); COLCIENCIAS (Colombia); MSES263

(Croatia); RPF (Cyprus); MoER, SF0690030s09 and ERDF (Estonia); Academy of Finland,264

MEC, and HIP (Finland); CEA and CNRS/IN2P3 (France); BMBF, DFG, and HGF (Germany);265

GSRT (Greece); OTKA and NKTH (Hungary); DAE and DST (India); IPM (Iran); SFI (Ireland);266

INFN (Italy); NRF and WCU (Republic of Korea); LAS (Lithuania); CINVESTAV, CONACYT,267

SEP, and UASLP-FAI (Mexico); MSI (New Zealand); PAEC (Pakistan); MSHE and NSC268

(Poland); FCT (Portugal); JINR (Dubna); MON, RosAtom, RAS and RFBR (Russia); MESTD269

(Serbia); SEIDI and CPAN (Spain); Swiss Funding Agencies (Switzerland); NSC (Taipei);270

ThEPCenter, IPST, STAR and NSTDA (Thailand); TUBITAK and TAEK (Turkey); NASU271

(Ukraine); STFC (United Kingdom); DOE and NSF (USA).272

75 



12
 A

ug
us

t 2
01

3 
- C

M
S

 H
ig

hl
ig

ht
s 

- W
in

do
w

s 
on

 th
e 

U
ni

ve
rs

e 
- Q

uy
 N

ho
n 

Vi
et

na
m

 -J
. I

nc
an

de
la

 - 
U

C
S

B
/C

E
R

N
  

§  Extends	
  HSCP	
  search	
  to	
  
full	
  8	
  TeV	
  statistics	
  	
  
+	
  7	
  TeV	
  reanalysis	
  

§  Background	
  prediction	
  	
  
§  Use	
  absence	
  of	
  correlation	
  

between	
  pT	
  spectrum	
  and	
  
the	
  mass	
  as	
  determined	
  
from	
  ionization	
  

§  Strong	
  limits	
  	
  
§  Gluinos,	
  stops,	
  and	
  staus	
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+TOF	
  and	
  tracker-­‐only	
  
analyses	
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§  1st	
  meas.	
  of	
  Υ(nS)	
  polarization	
  at	
  the	
  LHC	
  
§  Now	
  extended	
  to	
  Ψ(2S)	
  polarization	
  

measurement	
  
§  No	
  evidence	
  for	
  large	
  polarizations	
  

§  An	
  issue	
  for	
  NRQCD	
  that	
  needs	
  to	
  be	
  resolved!	
  

Ψ/Υ	
  Polarization,	
  Λb	
  lifetime 	
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FIG. 3. Values of the �# (top), �' (middle), and �#' (bottom) parameters for the ⌥(1S) (left), ⌥(2S) (middle), and ⌥(3S)
(right), in the HX frame, as a function of the ⌥ pT for |y| < 0.6. The error bars indicate the 68.3% CL interval when neglecting
the systematic uncertainties. The three bands represent the 68.3%, 95.5%, and 99.7% CL intervals of the total uncertainties.
The points are placed at the average pT of each bin.
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available in Ref. [25].

All the polarization parameters are compatible with
zero or small values in the three polarization frames, ex-
cluding that a significant polarization could remain unde-
tected because of smearing e↵ects induced by unfortunate
frame choices. The indication that the ⌥(nS) resonances
are produced as an unpolarized mixture might be related
to the fact that the measurements do not distinguish di-
rectly produced ⌥ mesons from those produced in the

decays of heavier (P-wave) bottomonium states.

In summary, the polarizations of the ⌥(nS) mesons
produced in pp collisions at

p
s = 7TeV have been de-

termined as a function of the ⌥ pT in two rapidity
ranges and in three di↵erent polarization frames, using
both frame-dependent and frame-independent parame-
ters. The results exclude large transverse or longitudi-
nal ⌥(nS) polarizations, beyond the pT and y ranges
probed by previous experiments, especially for the ⌥(3S)

-1

-0.5

0

0.5

1

ϑλ

| < 0.6y|

-1 = 7 TeV   L = 4.9 fbsCMS  pp  
Preliminary

-1

-0.5

0

0.5

1

| < 1.2y0.6 < |

(2S), HX frameψ

-1

-0.5

0

0.5

1

-0.4

-0.2

0

0.2

0.4

ϕλ

| < 0.6y|

Stat. uncert., 68.3 % CL
Tot.  uncert., 68.3 % CL
Tot.  uncert., 95.5 % CL
Tot.  uncert., 99.7 % CL

-0.4

-0.2

0

0.2

0.4

| < 1.2y0.6 < |
-0.4

-0.2

0

0.2

0.4

 [GeV]
T
p

-0.4

-0.2

0

0.2

0.4

15 20 25 30 35 40 45 50

ϕϑλ

| < 0.6y|

 [GeV]
T
p

-0.4

-0.2

0

0.2

0.4

15 20 25 30 35 40 45 50

| < 1.2y0.6 < |
-0.4

-0.2

0

0.2

0.4

BPH-13-003

PRL	
  110	
  (2013)	
  081802	
  	
  

CMS-­‐PAS-­‐BPH-­‐13-­‐003	
  

77 



12
 A

ug
us

t 2
01

3 
- C

M
S

 H
ig

hl
ig

ht
s 

- W
in

do
w

s 
on

 th
e 

U
ni

ve
rs

e 
- Q

uy
 N

ho
n 

Vi
et

na
m

 -J
. I

nc
an

de
la

 - 
U

C
S

B
/C

E
R

N
  

78	
  

6 4 Results

Following the observation that the power-law exponents for the fits above 20 GeV are similar
for the three U states, we consider the pT dependence of the production ratios to see if there
is saturation above 20 GeV. Comparing U(2S) and U(1S) the ratio is R21 = r21A1/A2 and
similarly for U(3S). These ratios are shown in Fig. 5, which includes the low-pT points from the
CMS 2010 analysis using 36 pb�1 [6]. The rapid rise of all three ratios for pT < 20 GeV slows
significantly for pT higher than 20 - 24 GeV. The curves on the ratio plots are the ratios of the
appropriate fitted functions from the individual U(nS) differential cross section fits (exponen-
tial for pT < 20 GeV, power-law for pT >20 GeV). The curves confirm that the change in ratios
occurs in the same pT range that ds/dpT changes behavior.
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-1 = 4.9 fbint = 7 TeV, Lspp  
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luminosity unc. (2.2%) excluded

Figure 4: Differential cross sections ds/dpT⇥BU(nS) ! µµ) for each U(nS) state from this
measurement. The U(2S) and U(3S) states are scaled by 0.1 and 0.01 respectively for display
purposes. The total systematic is shown by the error bars, and the smaller (red) error bars
designate the statistical uncertainty. The data from the CMS 2010 analysis using 36 pb�1 [6] is
also shown.

The previous CMS [6] and ATLAS [9] measurements found that the pT-integrated rapidity
distributions are consistent with being flat for |y| < 2.0. We compare our results in the rapidity
range |y| < 0.6 to the zero polarization results from the earlier CMS measurement [6] by
scaling the cross section in each pT bin by the rapidity coverage ratio. Agreement is good, as
shown in Fig. 4. The cross section ratios also agree well (Fig. 5).

These new measurements of U(nS) production at
p

s = 7 TeV provide precision differential
cross sections for pT in the 10-100 GeV range. There is a transition from nearly exponential
cross section decrease with pT to power-law behavior for all three U(nS) states. This suggestion
of a change in the nature of the production process is mirrored by the pT dependence of the
U(2S)/U(1S) and U(3S)/U(1S) production ratios. The need to develop an understanding of
U(nS) production mechanisms that would explain the measured small U(nS) polarization and
power-law behavior at high pT presents a challenge to theoretical models.

§  Υ(nS)	
  dσ/dpT	
  	
  
§  7	
  TeV	
  data	
  sample	
  

Recent Highlights 

BPH-­‐12-­‐006	
  

§ Full angular analysis of B0 → µ+µ-K*0  
§  And determination of differential branching 

fraction as a function of mµµ
2 

BPH-­‐11-­‐009	
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  §  SM	
  time	
  integrated	
  BR(Bs→μμ)	
  =	
  (3.56±0.18)×10-­‐9	
  	
  	
  

§  Forbidden	
  at	
  tree	
  level	
  
§  Involves	
  FCNC’s	
  
§  Helicity	
  suppressed	
  
§  Cabibbo	
  enhancement	
  of	
  Bs→μμ	
  over	
  Bd	
  →μμ	
  	
  since	
  |Vtd|	
  <	
  |Vts|	
  

§  A	
  good	
  place	
  to	
  look	
  for	
  enhancements	
  from	
  new	
  physics	
  	
  
§  via	
  loop/box	
  contributions	
  

A	
  portal	
  to	
  physics	
  beyond	
  the	
  SM	
  

§  2HDM:	
  BR(Bs/d→μμ)	
  ∝	
  tan4β	
  and	
  m(H+)	
  
§  J.	
  R.	
  Ellis	
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§  MSSM:	
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Courtesy Fabrizio Palla (LHCb CERN Seminar August 6, 2013) 
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Alternative	
  parameterization	
  for	
  SM	
  
compatibility	
  check	
  

F. Palla - INFN Pisa Observation of the Bs→µµ at the LHC: CMS results -  LPCC Seminar, 6 Aug 2013, CERN, Geneva 

Alternative parametrization for SM 
compatibility check
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µ= BR(BS ! µµ)
BRSM (BS ! µµ)
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BR(Bd ! µµ)
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Simultaneous fit

Fit for µ (fix lambda to SM)
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New	
  CMS	
  Higgs	
  projections	
  for	
  300(0)	
  G-­‐1	
  

July 1, 2013 

Higgs Projections: 300(0) fb-1  

J. Olsen – Snowmass Energy Frontier Workshop 31 

300 fb-1 3000 fb-1 

L (fb-1)  V g b t 
300 [5, 7] [4, 5] [6, 8] [10, 13] [14, 15] [6, 8] 

3000 [2, 5] [2, 3] [3, 5] [4, 7] [7, 10] [2, 5] 

Goal: ultimate precision of ~5% or better 

Numbers in brackets are % uncertainties on coupling deviations for [scenario 2, scenario 1] 

(4 – 15)%  (2 – 10)%  

Bracket	
  precision	
  estimates	
  
1.  Systematics	
  unchanged	
  
2.  Theory	
  uncertainties	
  reduced	
  ½,	
  all	
  

other	
  systematics	
  ~	
  1/√(∫Ldt)	
  	
  
81 

Upgrades	
  target	
  precision	
  Higgs	
  
measurements	
  with	
  pileup	
  ~140!!	
  	
  	
  
(25	
  ns	
  and	
  	
  L	
  =	
  5x1034	
  cm-­‐2s-­‐1)	
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even better 
100 km? 

16	
  T	
  ⇒	
  100	
  TeV	
  in	
  100	
  km	
  
20	
  T	
  ⇒	
  100	
  TeV	
  in	
  80	
  km	
  

83 

80-­‐km	
  tunnel	
  in	
  Geneva	
  area	
  –	
  VHE-­‐LHC	
  

Courtesy	
  L.	
  Rossi	
  


