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CKM in Bd sector amasingly well understood by B factories

Compare sin2β measured in clean 
b→ccs with measurements of 
"sin2β" in:
- b→sss (used to be 2.X σ away)
- b→ccd, b→cud

Some old tensions resolved...
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Some old tensions resolved... but other tensions appeared recently

Belle: B→τν
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FIG. 1: The observed number of events (open histogram with points) is compared to the total expected background (light
grey) and its uncertainty (hatched) in bins of dimuon invariant mass. The top and middle rows show the results in the B0

s

mass signal region for the CC and CF channels, respectively. The bottom row shows the results in the B0 mass signal region
for the CC and CF channels combined. The results for the first 5 νN bins are combined (and scaled by 0.2) while the results
for the last three bins are each shown separately. Also shown is the expected contribution from B0

s → µ+µ− events (dark gray)
using the fitted branching fraction, which is 5.6 times the expected SM value.

account for 85% of the signal acceptance, we find a p-
value of 0.66%. For the B0

s → µ+µ− analysis we also
produce an ensemble of simulated experiments that in-
cludes a B0

s → µ+µ− contribution at the expected SM
branching fraction [2] and yields a p-value of 1.9%. The
corresponding p-value for the two highest νN bins alone
is 4.3%.

We use a modified frequentist approach [20, 21] that
includes the effects of systematic uncertainties to cal-
culate expected and observed limits. We calculate ex-
pected limits of B(B0 → µ+µ−) < 4.6 × 10−9 and
B(B0

s → µ+µ−) < 1.5 × 10−8 at the 95% confidence
level (C.L.), a factor 3.3 improvement relative to our
previous analysis [4]. We calculate observed limits of
B(B0 → µ+µ−) < 6.0(5.0)×10−9 and B(B0

s → µ+µ−) <
4.0(3.5)× 10−8 at 95% (90%) C.L. If we assume the ob-
served excess in the B0

s region is due to signal, we de-
termine B(B0

s → µ+µ−)=(1.8+1.1
−0.9)×10−8 using the data

−2 lnQ distribution and taking the central value from the
minimum and the associated uncertainty as the interval
corresponding to a change of one unit. By examining the
interval corresponding to a change of 2.71 units we set
bounds of 4.6× 10−9 < B(B0

s → µ+µ−) < 3.9× 10−8 at
the 90% C.L. As a cross check we use a Bayesian tech-

nique to make a point estimate and to derive bounds
at 90% C.L. and obtain results very similar to those re-
ported here.

In summary, we have performed a search for B0 →
µ+µ− and B0

s → µ+µ− decays using 7 fb−1 of integrated
luminosity collected by the CDF II detector at the Fer-
milab Tevatron. The data in the B0 search region are
consistent with background expectations and the world’s
most stringent upper limit on B(B0 → µ+µ−) is estab-
lished. The data in the B0

s search region are in excess of
the background predictions. A fit to the data determines
B(B0

s → µ+µ−)= (1.8+1.1
−0.9) × 10−8 including all uncer-

tainties. Although of moderate statistical significance,
this is the first indication of a B0

s → µ+µ− signal.
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A search has been performed for B0
s → µ+µ− and B0 → µ+µ− decays using 7 fb−1 of integrated

luminosity collected by the CDF II detector at the Fermilab Tevatron collider. The observed number
of B0 candidates is consistent with background-only expectations and yields an upper limit on
the branching fraction of B(B0 → µ+µ−) < 6.0 × 10−9 at 95% confidence level. We observe
an excess of B0

s candidates. The probability that the background processes alone could produce
such an excess or larger is 0.27%. The probability that the combination of background and the
expected standard model rate of B0

s → µ+µ− could produce such an excess or larger is 1.9%. These
data are used to determine B(B0

s → µ+µ−) = (1.8+1.1
−0.9) × 10−8 and provide an upper limit of

B(B0
s → µ+µ−) < 4.0× 10−8 at 95% confidence level.
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Studies of flavor-changing neutral current (FCNC) de-
cays have played an important role in formulating the
theoretical description of particle physics known as the
standard model (SM). In the SM all neutral currents con-
serve flavor so that FCNC decays do not occur at lowest
order. The decays of B0

s mesons (with a quark content
of bs) and B0 mesons (bd) into a dimuon pair (µ+µ−) [1]
are examples of FCNC processes that can occur in the
SM through higher order loop diagrams. Their branching
fractions are predicted in the SM to be (3.2±0.2)×10−9

and (1.0 ± 0.1) × 10−10, respectively [2]. A wide vari-
ety of beyond-SM theories predict significant increases
over the SM branching fraction [3], making the study of
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T. Aaltonen,21 B. Álvarez Gonzálezw,9 S. Amerio,41 D. Amidei,32 A. Anastassov,36 A. Annovi,17 J. Antos,12

G. Apollinari,15 J.A. Appel,15 A. Apresyan,46 T. Arisawa,56 A. Artikov,13 J. Asaadi,51 W. Ashmanskas,15

B. Auerbach,59 A. Aurisano,51 F. Azfar,40 W. Badgett,15 A. Barbaro-Galtieri,26 V.E. Barnes,46 B.A. Barnett,23

P. Barriadd,44 P. Bartos,12 M. Baucebb,41 G. Bauer,30 F. Bedeschi,44 D. Beecher,28 S. Behari,23 G. Bellettinicc,44

J. Bellinger,58 D. Benjamin,14 A. Beretvas,15 A. Bhatti,48 M. Binkley∗,15 D. Bisellobb,41 I. Bizjakhh,28 K.R. Bland,5

B. Blumenfeld,23 A. Bocci,14 A. Bodek,47 D. Bortoletto,46 J. Boudreau,45 A. Boveia,11 L. Brigliadoriaa,6

A. Brisuda,12 C. Bromberg,33 E. Brucken,21 M. Bucciantoniocc,44 J. Budagov,13 H.S. Budd,47 S. Budd,22

K. Burkett,15 G. Busettobb,41 P. Bussey,19 A. Buzatu,31 C. Calancha,29 S. Camarda,4 M. Campanelli,28

M. Campbell,32 F. Canelli11,15 B. Carls,22 D. Carlsmith,58 R. Carosi,44 S. Carrillok,16 S. Carron,15 B. Casal,9

M. Casarsa,15 A. Castroaa,6 P. Catastini,20 D. Cauz,52 V. Cavaliere,22 M. Cavalli-Sforza,4 A. Cerrie,26

L. Cerritoq,28 Y.C. Chen,1 M. Chertok,7 G. Chiarelli,44 G. Chlachidze,15 F. Chlebana,15 K. Cho,25

D. Chokheli,13 J.P. Chou,20 W.H. Chung,58 Y.S. Chung,47 C.I. Ciobanu,42 M.A. Cioccidd,44 A. Clark,18

C. Clarke,57 G. Compostellabb,41 M.E. Convery,15 J. Conway,7 M.Corbo,42 M. Cordelli,17 C.A. Cox,7 D.J. Cox,7

F. Cresciolicc,44 C. Cuenca Almenar,59 J. Cuevasw,9 R. Culbertson,15 D. Dagenhart,15 N. d’Ascenzou,42

M. Datta,15 P. de Barbaro,47 S. De Cecco,49 G. De Lorenzo,4 M. Dell’Orsocc,44 C. Deluca,4 L. Demortier,48

J. Dengb,14 M. Deninno,6 F. Devoto,21 M. d’Erricobb,41 A. Di Cantocc,44 B. Di Ruzza,44 J.R. Dittmann,5

M. D’Onofrio,27 S. Donaticc,44 P. Dong,15 M. Dorigo,52 T. Dorigo,41 K. Ebina,56 A. Elagin,51 A. Eppig,32

R. Erbacher,7 D. Errede,22 S. Errede,22 N. Ershaidatz,42 R. Eusebi,51 H.C. Fang,26 S. Farrington,40 M. Feindt,24

J.P. Fernandez,29 C. Ferrazzaee,44 R. Field,16 G. Flanagans,46 R. Forrest,7 M.J. Frank,5 M. Franklin,20

J.C. Freeman,15 Y. Funakoshi,56 I. Furic,16 M. Gallinaro,48 J. Galyardt,10 J.E. Garcia,18 A.F. Garfinkel,46

P. Garosidd,44 H. Gerberich,22 E. Gerchtein,15 S. Giaguff ,49 V. Giakoumopoulou,3 P. Giannetti,44 K. Gibson,45

C.M. Ginsburg,15 N. Giokaris,3 P. Giromini,17 M. Giunta,44 G. Giurgiu,23 V. Glagolev,13 D. Glenzinski,15

M. Gold,35 D. Goldin,51 N. Goldschmidt,16 A. Golossanov,15 G. Gomez,9 G. Gomez-Ceballos,30 M. Goncharov,30
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A search has been performed for B0
s → µ+µ− and B0 → µ+µ− decays using 7 fb−1 of integrated

luminosity collected by the CDF II detector at the Fermilab Tevatron collider. The observed number
of B0 candidates is consistent with background-only expectations and yields an upper limit on
the branching fraction of B(B0 → µ+µ−) < 6.0 × 10−9 at 95% confidence level. We observe
an excess of B0

s candidates. The probability that the background processes alone could produce
such an excess or larger is 0.27%. The probability that the combination of background and the
expected standard model rate of B0

s → µ+µ− could produce such an excess or larger is 1.9%. These
data are used to determine B(B0

s → µ+µ−) = (1.8+1.1
−0.9) × 10−8 and provide an upper limit of

B(B0
s → µ+µ−) < 4.0× 10−8 at 95% confidence level.
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Studies of flavor-changing neutral current (FCNC) de-
cays have played an important role in formulating the
theoretical description of particle physics known as the
standard model (SM). In the SM all neutral currents con-
serve flavor so that FCNC decays do not occur at lowest
order. The decays of B0

s mesons (with a quark content
of bs) and B0 mesons (bd) into a dimuon pair (µ+µ−) [1]
are examples of FCNC processes that can occur in the
SM through higher order loop diagrams. Their branching
fractions are predicted in the SM to be (3.2±0.2)×10−9

and (1.0 ± 0.1) × 10−10, respectively [2]. A wide vari-
ety of beyond-SM theories predict significant increases
over the SM branching fraction [3], making the study of
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B0
s → µ+µ− and B0 → µ+µ− decays one of the most sen-

sitive indirect searches for new physics. Published upper
limits [4–6] contribute significantly to our knowledge of
the available new physics parameter space [7–11].

We report a search for B0
s → µ+µ− and B0 → µ+µ−

decays using pp data corresponding to an integrated lu-
minosity of 7 fb−1 collected with the Collider Detector
at Fermilab (CDF II). The sensitivity of this analysis is
significantly improved with respect to the previous anal-
ysis [4] due to the higher integrated luminosity of the
event sample, a 20% increase in the signal acceptance,
and the use of an improved neural-network (NN) discrim-
inant that provides approximately twice the background
rejection for the same signal efficiency.

A detailed description of the CDF II detector can be
found in Ref. [12]. A charged particle tracking system
provides precise vertex determination and momentum
measurements in a pseudorapidity range |η| < 1.0. Ad-
ditionally, the system measures the ionization per unit
path length dE/dx for particle identification. Beyond
the tracking detectors are electromagnetic and hadronic
calorimeters, which are surrounded by drift chambers
used to detect muons in the central region (C) |η| < 0.6
and the forward region (F) 0.6 < |η| < 1.0.

The online (trigger) requirements used to collect the
data sample and the initial set of baseline requirements
used in the analysis are the same as those described
in [13]. The events are collected using a set of dimuon
triggers [12] and must satisfy either of two sets of require-
ments corresponding to different topologies: CC events
have both muon candidates detected in the central re-
gion, while CF events have one central muon and an-
other muon detected in the forward region. Since the
expected signal-to-background ratios are different, the
two topologies are treated separately. The acceptance
of the analysis is improved by 20% by using additional
foward muon candidates and by using muon candidates
that traverse detector regions previously excluded due to
their rapidly changing trigger efficiency. The larger data
sample has allowed us to obtain a detailed understand-
ing of the trigger performance in these regions so that we
can confidently include these muon candidates in the cur-
rent analysis. The baseline selection requires high quality
muon candidates with transverse momentum relative to
the beam direction of pT > 2.0 (2.2)GeV/c in the central
(forward) region. The muon pairs are required to have an
invariant mass in the range 4.669 < mµµ < 5.969GeV/c2

and are constrained to originate from a common well
measured three-dimensional (3D) vertex. A likelihood
method [14] together with a dE/dx based selection [15]
are used to further suppress contributions from hadrons
misidentified as muons. The baseline requirements also
demand that the measured proper decay length of the B
candidate λ with its uncertainty σλ satisfy λ/σλ > 2; the
3D opening angle between the momentum of the dimuon
pair and the displacement vector between the primary
pp collision vertex and the dimuon vertex ∆Ω < 0.7 rad;

and the B-candidate track isolation [16] I > 0.50. There
are 46 907 CC and 51 425 CF muon pairs that fulfill the
trigger and baseline selection requirements.

A sample of B+ → J/ψ K+ events serves as a nor-
malization mode. The B+ → J/ψ K+ sample is col-
lected using the same dimuon triggers and selection re-
quirements so that common systematic uncertainties are
suppressed. An additional requirement on the the kaon
candidate pT > 1 GeV/c is made to limit the pT range to
a region where the tracking efficiency is well understood.

For the final selection, we define search regions around
the known B0

s and B0 masses [17]. These regions corre-
spond to approximately±2.5σm, where σm ≈ 24 MeV/c2

is the estimated two-track mass resolution. The sideband
regions 4.669 < mµµ < 5.0 GeV/c2 and 5.469 < mµµ <
5.969 GeV/c2 are used to estimate combinatorial back-
grounds. Backgrounds from B → h+h′− decays, which
peak in the signal mass region, are estimated separately.

Fourteen variables are used to construct a NN discrim-
inant νN that ranges from 0 to 1 and enhances the signal-
to-background ratio [18]. The variables include dimuon
vertex related information (e.g. λ/σλ), the impact pa-
rameters with respect to the primary vertex and trans-
verse momenta of the muons, the isolation of the B candi-
date, and the opening angle ∆Ω. The NN is trained with
background events sampled from the sideband regions
and signal events generated with a simulation described
below. Only a fraction of the total number of background
and simulated signal events are used to train the NN. The
remainder are used to test for NN overtraining and to de-
termine the signal and background efficiencies. Several
tests are done to ensure νN is independent of mµµ.

All selection criteria were finalized before revealing
the content of the signal regions. The optimization
used the expected upper limit on the B0

s → µ+µ−

branching fraction as a figure of merit. To exploit
the difference in the mµµ distributions between sig-
nal and background and the improved suppression of
combinatorial background at large νN , the data is di-
vided into sub-samples in the (νN ,mµµ) plane. The
CC and CF samples are each divided into 40 sub-
samples. There are eight bins in νN with bin bound-
aries 0.70, 0.76, 0.85, 0.90, 0.94, 0.97, 0.987, 0.995 and 1.
Within each νN bin we employ five mµµ bins, each
24 MeV/c2 wide, centered on the world average B0

s (B
0)

mass. The expected backgrounds and efficiencies are cal-
culated in each bin separately.

For measuring efficiencies, estimating backgrounds,
and optimizing the analysis, samples ofB0

s (B
0) → µ+µ−,

B+ → J/ψ K+, and B → h+h′− are generated with the
pythia program [19] and a CDF II detector simulation.
The pT spectrum and the I distribution of the B-mesons
are weighted to match distributions measured in samples
of B+ → J/ψ K+ and B0

s → J/ψ φ events [12].

We use a relative normalization to determine theB0
s →
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FIG. 1: The observed number of events (open histogram with points) is compared to the total expected background (light
grey) and its uncertainty (hatched) in bins of dimuon invariant mass. The top and middle rows show the results in the B0

s

mass signal region for the CC and CF channels, respectively. The bottom row shows the results in the B0 mass signal region
for the CC and CF channels combined. The results for the first 5 νN bins are combined (and scaled by 0.2) while the results
for the last three bins are each shown separately. Also shown is the expected contribution from B0

s → µ+µ− events (dark gray)
using the fitted branching fraction, which is 5.6 times the expected SM value.

account for 85% of the signal acceptance, we find a p-
value of 0.66%. For the B0

s → µ+µ− analysis we also
produce an ensemble of simulated experiments that in-
cludes a B0

s → µ+µ− contribution at the expected SM
branching fraction [2] and yields a p-value of 1.9%. The
corresponding p-value for the two highest νN bins alone
is 4.3%.

We use a modified frequentist approach [20, 21] that
includes the effects of systematic uncertainties to cal-
culate expected and observed limits. We calculate ex-
pected limits of B(B0 → µ+µ−) < 4.6 × 10−9 and
B(B0

s → µ+µ−) < 1.5 × 10−8 at the 95% confidence
level (C.L.), a factor 3.3 improvement relative to our
previous analysis [4]. We calculate observed limits of
B(B0 → µ+µ−) < 6.0(5.0)×10−9 and B(B0

s → µ+µ−) <
4.0(3.5)× 10−8 at 95% (90%) C.L. If we assume the ob-
served excess in the B0

s region is due to signal, we de-
termine B(B0

s → µ+µ−)=(1.8+1.1
−0.9)×10−8 using the data

−2 lnQ distribution and taking the central value from the
minimum and the associated uncertainty as the interval
corresponding to a change of one unit. By examining the
interval corresponding to a change of 2.71 units we set
bounds of 4.6× 10−9 < B(B0

s → µ+µ−) < 3.9× 10−8 at
the 90% C.L. As a cross check we use a Bayesian tech-

nique to make a point estimate and to derive bounds
at 90% C.L. and obtain results very similar to those re-
ported here.

In summary, we have performed a search for B0 →
µ+µ− and B0

s → µ+µ− decays using 7 fb−1 of integrated
luminosity collected by the CDF II detector at the Fer-
milab Tevatron. The data in the B0 search region are
consistent with background expectations and the world’s
most stringent upper limit on B(B0 → µ+µ−) is estab-
lished. The data in the B0

s search region are in excess of
the background predictions. A fit to the data determines
B(B0

s → µ+µ−)= (1.8+1.1
−0.9) × 10−8 including all uncer-

tainties. Although of moderate statistical significance,
this is the first indication of a B0

s → µ+µ− signal.
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New result from CDF:  positive!

B(Bs→μμ) = 1.8    x10-8

p-value bkg: 0.27%  (3σ)
p-value bkg+SM sig: 1.9% (2.3σ)

+1.1
- 0.9

• Predicted to be very rare in the SM due 
to GIM & helicity suppression:

• BrSM(Bs!"") = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 
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CMS+LHCb: Combined Bs!"" Limit

• Use (fs/fd )LHCb= 0.267+0.021
-0.020

• p-value background only:           8%

• p-value background + SM BR:   55%

• Br(Bs!"") < 11 x 10-9 @ 95% CL

• Given that the 95% CL is still 3.4 x SM, there 
remains plenty of room for NP,  keep an eye 
in the near future!
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Figure 2: Top: the observed (solid curve) and expected for background-only (dotted curve)
CLs values as a function of B(B0

s → µ+µ−). The green shaded area contains the ±1σ interval
of possible results compatible with the expected value, when only background is observed; the
90% and 95% CL observed limits are illustrated by the dashed lines. Bottom: the same, but
adding the Standard Model signal to the background for the calculation of the expected value.

6
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Figure 8: B0
s → µ+µ−: observed distribution of selected dimuon events in the invariant

mass plane for the four BDT bins. The black dots are data, the light blue histogram shows
the contribution of the combinatorial background with its uncertainty (dashed area), the
green histogram shows the contribution of the B0

(s) → h+h− background and the red filled

histogram the contribution of B0
s → µ+µ− signal events according to the SM rate. The

uncertainty on data in the first bin is smaller than the size of the dots.

the background-only hypothesis.232

For the B0
s → µ+µ− decay, the distributions of expected CLs values are shown as233

dashed (black) lines in Fig. 10 under the hypotheses to observe background events only234

(left) or a combination of background plus SM events (right). The green areas cover the235

region of ±1σ of compatible observations. The observed CLs as a function of the assumed236

branching ratio is shown as dotted (blue) lines on both plots.237

For the B0 → µ+µ− decay, the expected distributions of possible values of CLs is238

shown as dashed (black) lines in Fig. 11 under the hypothesis to observe background239

events only. The observed CLs as a function of the assumed branching ratio is shown as240

dotted (blue) line.241

The results for B0
s → µ+µ− and B0 → µ+µ− are shown in Table 5 and Table 6,242

respectively. In these tables the expected limits in the background-only hypothesis and243

the measured limits are shown for 90% and 95% C.L. For the B0
s → µ+µ− decay the244

expected limit computed allowing the presence of B0
s → µ+µ− events compatible with the245
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Figure 8: B0
s → µ+µ−: observed distribution of selected dimuon events in the invariant

mass plane for the four BDT bins. The black dots are data, the light blue histogram shows
the contribution of the combinatorial background with its uncertainty (dashed area), the
green histogram shows the contribution of the B0

(s) → h+h− background and the red filled

histogram the contribution of B0
s → µ+µ− signal events according to the SM rate. The

uncertainty on data in the first bin is smaller than the size of the dots.

the background-only hypothesis.232

For the B0
s → µ+µ− decay, the distributions of expected CLs values are shown as233

dashed (black) lines in Fig. 10 under the hypotheses to observe background events only234

(left) or a combination of background plus SM events (right). The green areas cover the235

region of ±1σ of compatible observations. The observed CLs as a function of the assumed236

branching ratio is shown as dotted (blue) lines on both plots.237

For the B0 → µ+µ− decay, the expected distributions of possible values of CLs is238

shown as dashed (black) lines in Fig. 11 under the hypothesis to observe background239

events only. The observed CLs as a function of the assumed branching ratio is shown as240

dotted (blue) line.241

The results for B0
s → µ+µ− and B0 → µ+µ− are shown in Table 5 and Table 6,242
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the measured limits are shown for 90% and 95% C.L. For the B0
s → µ+µ− decay the244

expected limit computed allowing the presence of B0
s → µ+µ− events compatible with the245
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CDF:   18-0.9 x 10-9

CMS:  Bs!""?

Bs → µµ at CMS (1.1 fb−1)

Patrick Koppenburg Heavy Flavour Results at the LHC 31 August 2011, Vancouver [42/54]

14

   CMS: 1.1 fb-1

+ LHCb: 300pb-1



Dimuon Charge Asymmetry

Measure CP violation in mixing via

Direct semileptonic 
decay

Neutral B meson oscillation
and then semileptonic decay

DØ: Evidence for anomalous dimuon charge asymmetry, 
   3.2! deviation from 

(6 fb  ,PRL 105, 081801 (2010))
"1

DØ Update 9.0 fb   arXiv:1106.6308, sub. to PRD
!1

Now a 3.9" deviation from SM prediction

2 same sign muons: one B meson has necessarily oscillated. 
Combination of Bd and Bs asymmetry: 

Bd asymmetry is zero (B factories) ⇒ hint for new physics in Bs 
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Link with CP violation in Bs

7

Link with dimuon asymmetry:

NB:  Δmd ~ 0.5 ps-1
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Link with CP violation in Bs

7

Link with dimuon asymmetry:

NB:  Δmd ~ 0.5 ps-1

Two completely different measurements at 
the Tevatron deviates and point to the same 
corner.   But here comes LHCb....

same Φs



Fabrice Couderc Summer'11 conferences summary

LHCb: Bs→ΨΦ

8

New result from LHCb with 300 pb-1 

much more compatible with SM than current Tevatron measurements
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AFB in Bd  → K*ll

9

Context
Asymmetry FB of the lepton system vs its q2 is very sensitive 

to new physics.
Some hints of deviations from B-factories and CDF

C
7
=!C

7
SM 

SM 
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AFB in Bd  → K*ll

10

arXiv:1108.0695 

LHCb-CONF-2011-039 



top physics

11
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ttbar Cross Section 

12

ljets+dilepton:
(agreement with the SM: 1.6 %)

assuming CKM unitarity 

• cross section in different final states 
(consistency of the SM)

  -  Tevatron: in almost all the channels
  -  LHC: apart from ljets and dilepton, now measurements in 
alljets and µτ
  -  agreements between the different channels

• in addition to the cross section, fit R

• most precise measurement: in the ljets 
channel

  -  fit the number of W+jets together with the 
number of ttbar
  -  fit the systematic uncertainties to reduce them

Altas new result
w/o b-tagging
w/ profiling
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ttbar Cross Section Summary

13

Measurements agree with the QCD predictions
Future measurements will focus on differential cross sections

~ 6.5 %

~ 6.6 %
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Top Quark Mass

14

• Tevatron:
  - most precise measurements using the matrix 
element method 
  - new channel : CDF MET+jets

• new Tevatron combination
- uncertainty below 1 GeV for the first time
- all channels give consistent results
- still working on decreasing the systematic 
uncertainties

• LHC in the ljets channel:
  - CMS: ideogram method 
  - Altas: 2D template fit (Mtop,JES)

• mass difference: Mt-Mtbar
  - CMS: 
  - CDF: 

• why measuring the top mass precisely ?
- predict the Higgs boson mass together with the 
W boson mass
- consistency of the SM and possibly with the 
direct Higgs measurements



Fabrice Couderc Summer'11 conferences summary

• motivation: 
- test the SM at the electroweak scale
- new physics could affect the helicity, no right-handed W in the SM

W Boson Helicity In Top Decays

15

• measurement methods: 
- template fit of the cosθ* distribution 
   (angle between the lepton from the W boson and the top
    direction in W boson rest frame) 
- matrix element (ME)

f0=0.7, f-=0.3, f+=0 

• combination of the latest Tevatron results:
- taken correlation into account 
   both when f0 and f+ are floating or only one of them

• Atlas result: 
- dilepton/lepton+jets template (0.7 fb-1)
  already the same precision as the Tevatron combination: 

(2D)

(1D)

Measurements agree with the SM predictions
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Top Pair Spin Correlations

16

• measurement methods:
- template fit of the cosθ1 cosθ2 distribution
(θ: angle from the down-type fermion wrt spin basis in the top/
antitop rest frame) or ΔΦ = |Φl+-Φl-| (in the lab frame)

helicity basis,    A=0.34+0.15-0.11

                                     ASM=0.32

- matrix element: measure f: fraction of events 
with spin correlation using a template fit of R

3S1 1S0

dilepton

• in the SM, the spin of the top and of the antitop are produced correlated 
- correlation preserved in the decay products
- can be affected by new physics

f=0.85 +/- 0.29

f > 0 at 3.1  σ 
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Top-Antitop Charge Asymmetry

17

• At NLO, QCD predicts an asymmetry for tt produced via qq initial state - -

smaller at LHC since 
low qq fraction-

Currently no deviation from the predictions at the LHC
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Top-Antitop Charge Asymmetry

18

Inclusive asymmetry consistent at D0 and CDF,  
but not dependence on Mtt not so much

∆y = yt − yt̄
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we know already a lot about the top quark
  Tevatron: focusing on the legacy measurements
  LHC top physics is only warming up ! 

top in a nutshell



Higgs boson(s) searches

20

NB:   Journée Higgs SPP le 2 novembre 2011. 
Présentations détaillées de tous les résultats de l'été.
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Higgs searches

21

Strategy is mass dependent, because the Higgs boson branching ratio 
changes a lot with the mH:
- at low mass inclusive H→bb with H channel can not be used 

(mostly H→γγ is left at LHC).
- background, hence sensitivity, very much depends on the final state
- Combine a lot of different channels, both at LHC and Tevatron

Impressive showing from LHC. This summer saw the really transition from 
Tevatron to LHC
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Golden channels at LHC

22

Low mass (mH<140 GeV): H → γγ 
very good mass resolution (∼1.5%), 
very low BR (∼0.001)
quite a lot of background Dominate search 

for mH < 120 GeV

Intermediate mass (mH>120 GeV): 
H → WW→2l 2ν
very poor mass resolution (∼10s GeV),  higher BR, 
low background (diboson)

Intermediate - high mass: 
H → ZZ→4l
very good mass resolution, small BR, low background

cleanest mode

High mass only (mH>200 GeV): 
H → ZZ→2l2q / 2l2ν
quite good / poor mass resolution, good BR, 
small background at high mass.
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SM Higgs results (1)

23

Combine all channels

Atlas Exclusion @ 95% CL
146 < mH < 232 GeV
256 < mH < 282 GeV
296 < mH < 466 GeV

CMS Exclusion @ 95% CL
145 < mH < 216 GeV
226 < mH < 288 GeV
310 < mH < 400 GeV
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SM Higgs results (2)

24

• Overall broad 2σ excess in the region 130-150GeV for both 
experiments, this is due to WW. 

• Fluctuations in the observed curves are due to a superposition of three different 
sources: high frequency for good mass resolution modes (short correlation length), 
low frequency for WW mode (long correlation length), low frequency at high mass 
because Higgs natural width is large. Look elsewhere effect (LEE) factors are not 
straightforward. 

• Low mass caveats (mH < 125 GeV):
- sensitivity is not yet very good (will 

need statistics)
- for now poor sensitivity to H→bb 

which is important to test the EWSB.
- H→bb  still the domain of the 

Tevatron
- A new hope: H→bb tagging @ LHC

 Tevatron exclusion @ 95% CL
mH < 109 GeV

156 < mH < 177 GeV

From associated W/Z+H prod.
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MSSM Higgs searches

25

- coupling to down-type fermions proportional to tanβ. 
- tanβ > 10:  H →ττ / H → bb : 10%/90%
- produced via b-quarks
- can only exploit ττ channel (bbb only done at Tevatron) 
- tanβ ∼ 40 theoretically interesting (mtop / mb ∼ 40)

- MSSM is a two Higgs doublet model ⇒ 5 physical Higgs boson: 
3 neutral (h/H/A), 2 charged (H+/-)
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Charged Higgs In pp ! ttbar Decays: EPS Results 

34 
!"#"$#%"!! &'()*+,-./01 %

2(34)0'53/)(*627

8*94):.*()(;<31(0140*9=></5<*638?@:A*B7
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in ttbar decays  

Tevatron limit : 0.15 – 0.2 
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4th generation of quarks

27

Higgs limits assuming a 4th generation of quarks and leptons:

Other exotic fermions are still alive and interesting, but the 
sequential 4th generation is in deep troupble!

4th generation relaxed the tension in the EWfit 
and allows for a higher mass Higgs boson. It 
enhances the Higgs boson production by ∼9.



BSM searches

28
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Check:
W(→eν)+2j vs W(→μν)+2j
there is really something in 
the di-jet mass spectrum.
LP11 speaker presented a 
full battery of tests but one, 
shown at Higgs Hunting 
Workshop (also by CDF 
speaker)

CDF W+2jets saga

29

Bump confirmed by CDF at EPS11 and LP11 (∼4σ)
In the meanwhile at Higgs Hunting: CDF speaker was much less aggressive 
(potential very nice and clever experimental reason)
Not much in D0 data and not clear what to expect at LHC

bkg subtracted
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CDF W+2jets saga

30
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SUSY: Jets + Missing ET

meff  = HT + Missing ET [GeV]

≥4 jets

HT = scalar sum of all jet ET

 CMS explores various techniques:
→αT  = 2nd jet ET / Trans. Mass

PAS-SUS-11-003

“Workhorse” of SUSY search
ATLAS:

→Cut on MET and meff 
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SUSY: Jets + Missing ET
Exclude up to ~ 1 TeV 

for m(squark)=m(gluino)

applies to
0 < mLSP< 200 GeV 

CMS-SUS-11-003

cMSSM basically ruled out, will need to 
look for more evolved models 
(NMSSM, gMSSM...)
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Search for Heavy Resonance: dilepton channel

 Randall-Sundrum KK graviton excitation
 Neutral heavy gauge boson
 Technihadron

m(μ+μ-) [GeV] m(ee) [GeV]arXiv:1108.1582

CMS-EXO-11-019
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Search for Heavy Resonance: dilepton channel

Sequential SM:   
m(Z') > 1.9 TeV at 95% C.L.

RS graviton (k/MPl = 0.1):    

 m(G) > 1.8 TeV at 95% C.L.

Randall-Sundrum KK graviton 
excitation

Neutral heavy gauge boson
Technihadron

arXiv:1108.1582 CMS-EXO-11-019
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Search for Heavy Resonance: Dijet
 Excited quarks, strong gravity, contact interaction
 Look for resonance above phenomenological fit of the data

Probing the quark structure beyond 4 TeV
ATL-CONF-2011-095arXiv.1107.4771
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Search for Heavy Resonance: Dijet

m(jet-jet) = 4.0 TeV          Missing ET = 100 GeV
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Search for Heavy Resonance: Dijet

Also providing model-independent limits:

ATL-CONF-2011-095
CMS arXiv.1107.4771
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Top-antitop Resonance
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Top-antitop Resonance
  Entering the era of top-tagging!



A word on EW precision 
measurements

40
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EW & QCD measurements

41

Precision EW and QCD measurements not covered in the talk by lack of 
time and competence, but:
• LHC is re-establishing (quickly) the SM:  measure all σ(V) and σ( VV') 
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EW & QCD measurements
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Precision EW and QCD measurements not covered in the talk by lack of 
time and competence, but:
• LHC is re-establishing (quickly) the SM:  measure all σ(V) and σ( VV') 
• Differential  V Pt distributions:  sensitive to PDF, high order QCD 

correction.  Establish ground base for searches (main background).
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EW & QCD measurements
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Precision EW and QCD measurements not covered in the talk by lack of 
time and competence, but:
• LHC is re-establishing (quickly) the SM:  measure all σ(V) and σ( VV') 
• Differential  V Pt distributions:  sensitive to PDF, high order QCD 

correction.  Establish ground base for searches (main background).
• W charge asymmetry at LHC and Tevatron: important pdfs inputs...



Fabrice Couderc Summer'11 conferences summary

EW & QCD measurements

44

Precision EW and QCD measurements not covered in the talk by lack of 
time and competence, but:
• LHC is re-establishing (quickly) the SM:  measure all σ(V) and σ( VV') 
• Differential  V Pt distributions:  sensitive to PDF, high order QCD 

correction.  Establish ground base for searches (main background).
• W charge asymmetry at LHC and Tevatron: important pdfs inputs...

• no new W mass measurement from Tevatron, winter conferences?

• ......



backup

45
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Higgs results

46


