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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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Beauty provoketh thieves sooner than gold (W. Shakespeare)	


Status of the LHCb Experiment 

P. Campana (CERN & INFN Frascati) – RRB Meeting – October 19th, 2011  1	  
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Figure 10: B0
s → µ+µ−: expected distributions of possible values of CLs (dashed black

line) under the hypothesis to observe background only (left) and under the hypothesis

to observe a combination of background and signal events compatible with the SM rate

(right). On both graphs, the green areas cover the region of ±1σ of compatible obser-

vations. The observed distributions of CLs as a function of the assumed branching ratio

are shown as dotted blue lines. The measured upper limits at 90% and 95% C.L. are also

shown.
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Figure 11: B0 → µ+µ−: expected distributions of possible values of CLs (dashed black

line) under the hypothesis to observe in data background only events. The green areas

cover the region of ±1σ of compatible observations. The observed distributions of CLs as

a function of the assumed branching ratio are shown as dotted blue lines. The measured

upper limits at 90% and 95% C.L. are also shown.
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CMS, LHCb: Bs→μμ Limits

expected limit 
background + SM signal

observed limit L=300 pb-1

• Expected Limit: <1.8 x 10-8 @ 95%CL

• p-value background only:  11%

• Br(Bs→μμ) < 1.9 x 10-8 @ 95% CL

• using fs/fu=0.282±0.037 [pdg]

LH
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N

F-
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11
-0

37 • Expected Limit: <1.5 x 10-8 @ 95%CL

• p-value background only:  14%

• Br (Bs→μμ) < 1.6 x 10-8 @ 95% CL

• combined with 2010: <1.5 x 10-8 @ 95% CL
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Bs → J/ψ f0

Bs → J/ψϕ

ΔΓ
s>

0

ΔΓ
s<0

Simultaneous fit to both samples: 

ϕs = 0.03 ± 0.16 ± 0.07 rad

With present statistics, no evidence 
for deviation from the SM.

Next steps: 
1) Increase statistics (luminosity)
2) Add same-side Kaon tagging
3) Break ambiguity by looking at 
relative S-wave phase vs. M(KK) in 
J/ψϕ 
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EPS2011,	  Bsàµµ	  

LP2011,	  BsàJ/ψ φ	  

EPS2011,	  BdàK*µµ	  

A hot summer … full of 
data and of physics results 
for the Core Program LHCb 
measurements  
 
Highlights of Summer  
Conferences 

2	  



LHCb operation 

CERN RRB April 2011 2 

2010 2011 

!! limit the number of visible pp-collisions/bunch  

    crossing to  µmax ~ 2  (2.5    at start-up)  

!! limit the peak luminosity to L ~ 3!1032 cm-2 s-1 

"! need to increase number of bunches to "700 to reach “nominal” LHCb  luminosity 

"! luminosity leveling essential to keep µ and lumi to optimal value 
"! will run with flat luminosity throughout most of the year, so cannot “catch-up” on 

integrated luminosity during the year 
"! need to continue to increase number of bunches (even at nominal lumi) to reduce µ 

"! expect !200 pb-1 by end of June and ~1 fb-1 by the end of 2011 

LHCb limitations: 

Plans at RRB Meeting,  April 2011	


3	  

Milestones achieved: 	

•  LINT > 1 fb-1 (on tape)	

•  LHCb operated at L ~ 3.5 1032  cm-2s-1	

•  stable trigger and µ ~ 1.5	




Results obtained thanks to the LHC performance, the luminosity leveling and 
the excellent running of LHCb detectors (~99% of channels operational)	


•  Ideal running conditions achieved with 
long fills (> 15 h;  ~ 1 pb-1/h)	


•  Best week ~ 130 pb-1	

•  Average ~ 50-60 pb-1	

	

•  L0 rate ~ 850 kHz	

•  Farm operating at limit of throttling	

•  HLT (physics) ~ 3 kHz	


•  1 kHz  bàhadrons	

•  1 kHz  bàmuons	

•  1 kHz  charm (NEW !)	


•  Data taking efficiency > 90%	

•  Quality of data ~ 99% OK	
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Sub detector status (all working very reliably !)	

	

	

•  VELO – fast and fully automatic closing; radiation effects agree with expectations	

	

•  TT/IT – currents observed in 2010 reduced by kapton shielding and by slow 

ramp-up of luminosity	

	

•  OT – stable operation, no sign of aging, continuous monitoring	

	

•  RICH – angle resolution equal to MC expectations; some repaired HPD show ion 

feedback; box for Aerogel under completion, ready for 2012 run	

	

•  CALO - showing first sign of aging, well under control: no degradation of ECAL 

(need to adjust PM HV), very good energy resolution after calibration	

	

•  MUON – no. of tripping chambers greatly reduced thanks to intense HV training	

	

•  ONLINE – new farm (Swiss) and new network (Cern) fully operational	
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Outer	  Tracker	  
Ra;o	  of	  gains	  Sept	  2011/Ago	  2010	  obtained	  with	  beam	  scan	  
à	  No	  ageing	  effect	  seen	  at	  level	  ~	  10%	  	  



No losses in photoelectron statistics	


RICH 1	


RICH 2	


ECAL π0 mass peak/resolution	
Cherenkov angle resolution	
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B mesons mass resolution	


B+à J/ψ K+	


10.5 MeV 	

Bà J/ψ K*	


7.7 MeV 	


Bsà J/ψ φ	

7.0 MeV 	


Bà J/ψ Ks	

8.6 MeV 	


All values very near to Monte Carlo expectations	




Computing & data processing	


9	  

•  Reconstruction output:  3 kHz with ~130 kB/event à ~ 400 MB/s	


•  Stripping output: 300 Hz à ~ 40 MB/s	

	
Draconian campaign during summer to stay within bandwidth design value	

	
and available disk space (note: charm was not in our Computing Model)	


•  Now ready to re-process the full 2011 dataset (~1 fb-1) with the available disk 
	
space (but limited margin for Monte Carlo production)	

	
Reprocessing of 2011 dataset for 	

	
Winter Conferences ready in 	

	
December	

	
à Shortage of disk space to store 	

	
the Physics data LHCb is producing	


	

•  Tier1 & Tier2 grid working efficiently: 	

	
fair share CERN/Tier1 (no CPU	

	
limited)	


LHCb Computing Resource usage in 2011(I) Reference:  LHCb-PUB-2011-015 
LHCB Public Note  Revision:  4 
Issue:  V2 Last modified:  8th Sep 2011 
Usage of CPU Resources 
 

  page  5 5 

3.2. LHCb DIRAC Accounting 

Figure 3-3 shows, from the LHCb DIRAC accounting portal, the daily average of running jobs at any 
resource available to LHCb classified by the type of activity (Job Type). Most of the resources have been 
dedicated to Monte Carlo simulation, but it can be seen how a larger fraction of the resources has been 
dedicated to processing detector data. It can be seen how the real data processing activities 
(DataReconstruction and DataStripping) follow quite closely the data taking activities shown in Figure 2-1 
and Figure 2-3.  

 
Figure 3-3: Daily average of LHCb running jobs for the different Job Types, including all resources 
available to LHCb. The dashed line (at 12.3 kjobs) represents the expected number of slots to be 
provided by Tier0 + Tier1s + Tier2s.  

Figure 3-4 and Figure 3-5 show, grouped by country, the daily average number of running jobs (all Types 
included) at the Tier0/1s and Tier2s, respectively. A dashed line shows on each plot the expected number of 
running jobs to cover the expected average capacity. As shown by the WLCG accounting, the average 
contribution from Tier1s has been below the expected, while that of Tier2s has been above. 

To get the full picture, one needs to add the resources that LHCb has obtained from sites that are not official 
LHCb Tiers. Figure 3-5 presents, again grouped by country, the contribution from those sites. This 
contribution, together with the extra resources provided by the Tier2s, have managed to cover the apparent 
lack resources obtained at the Tier0/1s. 

Figure 3-6 show the average rate of executed jobs that turns out to be slightly above 0.5 Hz. At the same 
time it shows how that vast majority of those jobs ends successfully in all senses (from access to the input 
data, the execution of the requested application and the final upload of the outputs to expected destination). 
The biggest source of failure is related to access to input data. The main source of this problem has been 
identified as a bug in the pre-staging logic when doing a reprocessing of the data. In certain conditions it 
was staging too fast, and files were removed from the disk caches before been processed. The problem has 



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

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%

• BrCDF (Bs→μμ) = 1.8+1.1-0.9 x 10-8

b→s:  Bs→μμ
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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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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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• Predicted to be very rare in the SM due 
to GIM & helicity suppression:

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%

• BrCDF (Bs→μμ) = 1.8+1.1-0.9 x 10-8

b→s:  Bs→μμ
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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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• Predicted to be very rare in the SM due 
to GIM & helicity suppression:
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•   
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searches

• CDF recently reported a hint of signal:
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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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using the fitted branching fraction, which is 5.6 times the expected SM value.
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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
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4.0(3.5)× 10−8 at 95% (90%) C.L. If we assume the ob-
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s region is due to signal, we de-
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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
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−0.9) × 10−8 including all uncer-

tainties. Although of moderate statistical significance,
this is the first indication of a B0
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• Predicted to be very rare in the SM due 
to GIM & helicity suppression:

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%
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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.

ACKNOWLEDGMENTS

We thank the Fermilab staff and the technical staffs
of the participating institutions for their vital contribu-
tions. This work was supported by the U.S. Depart-
ment of Energy and National Science Foundation; the
Italian Istituto Nazionale di Fisica Nucleare; the Min-
istry of Education, Culture, Sports, Science and Tech-

6

)2 (MeV/cµµm
0

5

10

15

5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327

 < 0.97N!0.70 <  < 0.987N!0.97 <  < 0.995N!0.987 <  > 0.995N!

-µ+µ"0B
CC+CF

 0.2#

 

0

2

4

6

8  < 0.97N!0.70 <  < 0.987N!0.97 <  < 0.995N!0.987 <  > 0.995N!

-µ+µ"0sB
CC

 0.2#

Background
5.6)#+Signal (SM

 

0

2

4

6

8

5321 5369 5417 5321 5369 5417 5321 5369 5417 5321 5369 5417

 < 0.97N!0.70 <  < 0.987N!0.97 <  < 0.995N!0.987 <  > 0.995N!

-µ+µ"0sB
CF

 0.2#

 2
ca

nd
id

at
es

 p
er

 2
4 

M
eV

/c

0

FIG. 1: The observed number of events (open histogram with points) is compared to the total expected background (light
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for the last three bins are each shown separately. Also shown is the expected contribution from B0
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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.

ACKNOWLEDGMENTS

We thank the Fermilab staff and the technical staffs
of the participating institutions for their vital contribu-
tions. This work was supported by the U.S. Depart-
ment of Energy and National Science Foundation; the
Italian Istituto Nazionale di Fisica Nucleare; the Min-
istry of Education, Culture, Sports, Science and Tech-

arXiv:1107.2304v1  [hep-ex]  12 Jul 2011

S
e
a
rch

fo
r
B

0s
→

µ
+
µ
−

a
n
d

B
0
→

µ
+
µ
−

D
e
c
a
y
s
w
ith

C
D
F

II

T
.
A
alton

en
, 2
1
B
.
Á
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, 2
9
P
.
M
astran

d
rea, 4

9
M
.E
.
M
attson

, 5
7
P
.
M
azzanti, 6

K
.S
.
M
cF

arlan
d
, 4
7
P
.
M
cIntyre, 5

1

R
.
M
cN

u
lty

i, 2
7
A
.
M
ehta, 2

7
P
.
M
ehtala, 2

1
A
.
M
en
zion

e, 4
4
C
.
M
esrop

ian
, 4
8
T
.
M
iao, 1

5
D
.
M
ietlicki, 3

2
A
.
M
itra, 1

H
.
M
iyake, 5

3
S
.
M
oed

, 2
0
N
.
M
oggi, 6

M
.N

.
M
on

d
ragon

k, 1
5
C
.S
.
M
oon

, 2
5
R
.
M
oore, 1

5
M
.J.

M
orello, 1

5
J.

M
orlock, 2

4

P
.
M
ovilla

F
ern

an
d
ez, 1

5
A
.
M
u
kh

erjee, 1
5
T
h
.
M
u
ller, 2

4
P
.
M
u
rat, 1

5
M
.
M
u
ssin

i a
a, 6

J.
N
achtm

an
m
, 1
5
Y
.
N
agai, 5

3

J.
N
agan

om
a, 5

6
I.
N
akan

o, 3
8
A
.
N
ap

ier, 5
4
J.

N
ett, 5

1
C
.
N
eu
, 5
5
M
.S
.
N
eu
b
au

er, 2
2
J.

N
ielsen

d, 2
6
L
.
N
od

u
lm

an
, 2

O
.
N
orn

iella, 2
2
E
.
N
u
rse, 2

8
L
.
O
akes, 4

0
S
.H

.
O
h
, 1
4
Y
.D

.
O
h
, 2
5
I.
O
ksu

zian
, 5
5
T
.
O
ku

saw
a, 3

9
R
.
O
rava, 2

1

L
.
O
rtolan

, 4
S
.
P
agan

G
riso

b
b, 4

1
C
.
P
agliaron

e, 5
2
E
.
P
alen

cia
e, 9

V
.
P
ap

ad
im

itriou
, 1
5
A
.A

.
P
aram

on
ov, 2

J.
P
atrick, 1

5
G
.
P
au

letta
g
g, 5

2
M
.
P
au

lin
i, 1

0
C
.
P
au

s, 3
0
D
.E
.
P
ellett, 7

A
.
P
en
zo, 5

2
T
.J.

P
h
illip

s, 1
4
G
.
P
iacentin

o, 4
4

E
.
P
ian

ori, 4
3
J.

P
ilot, 3

7
K
.
P
itts, 2

2
C
.
P
lager, 8

L
.
P
on

d
rom

, 5
8
K
.
P
otam

ian
os, 4

6
O
.
P
ou

kh
ov

∗, 1
3
F
.
P
rokosh

in
y, 1

3

A
.
P
ron

ko, 1
5
F
.
P
toh

os
g, 1

7
E
.
P
u
esch

el, 1
0
G
.
P
u
n
zi c

c, 4
4
J.

P
u
rsley, 5

8
A
.
R
ah

am
an

, 4
5
V
.
R
am

akrish
n
an

, 5
8

N
.
R
an

jan
, 4
6
I.
R
ed
on

d
o, 2

9
P
.
R
enton

, 4
0
M
.
R
escign

o, 4
9
T
.
R
id
d
ick, 2

8
F
.
R
im

on
d
i a

a, 6
L
.
R
istori 4

4, 1
5
A
.
R
ob

son
, 1
9

T
.
R
od

rigo, 9
T
.
R
od

rigu
ez, 4

3
E
.
R
ogers, 2

2
S
.
R
olli h, 5

4
R
.
R
oser, 1

5
M
.
R
ossi, 5

2
F
.
R
u
b
b
o, 1

5
F
.
R
u
ffi
n
i d
d, 4

4

CDF

Bu
ra

s 
et

 a
l: 

ar
X

iv
 1

00
7.

52
91

10

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

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%

• BrCDF (Bs→μμ) = 1.8+1.1-0.9 x 10-8
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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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grey) and its uncertainty (hatched) in bins of dimuon invariant mass. The top and middle rows show the results in the B0
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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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• Predicted to be very rare in the SM due 
to GIM & helicity suppression:

• BrSM(Bs→μμ) = (3.2±0.2) x 10-9

• Large sensitivity to NP,  eg SUSY: 

•   

• Good place for synergy with direct 
searches

• CDF recently reported a hint of signal:

• p-value background only:        0.3%

• p-value background + SM Br:  1.9%

• BrCDF (Bs→μμ) = 1.8+1.1-0.9 x 10-8

b→s:  Bs→μμ
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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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LHCb: Bs→μμ
• Analysis of 300/pb using 

invariant mass & Boosted 
Decision Tree combining 9 
topological & kinematical 
observables

• BDT calibrated on 
B→h+h- (signal), 
sidebands (background) 

• Mass resolution 
obtained by 
interpolation between 
J/ψ→ μμ, ϒ(1S)→μμ, 
shape verified using 
B0→Kπ, Bs→KK

• Normalization using          
B+→J/ψK+, Bs→J/ψϕ, 
B0→Kπ, and LHCb result 
for fs/fd 
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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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(s) → h+h− background and the red filled

histogram the contribution of B0
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Figure 10: B0
s → µ+µ−: expected distributions of possible values of CLs (dashed black

line) under the hypothesis to observe background only (left) and under the hypothesis

to observe a combination of background and signal events compatible with the SM rate

(right). On both graphs, the green areas cover the region of ±1σ of compatible obser-

vations. The observed distributions of CLs as a function of the assumed branching ratio

are shown as dotted blue lines. The measured upper limits at 90% and 95% C.L. are also

shown.
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cover the region of ±1σ of compatible observations. The observed distributions of CLs as

a function of the assumed branching ratio are shown as dotted blue lines. The measured
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CMS, LHCb: Bs→μμ Limits

expected limit 
background + SM signal

observed limit L=300 pb-1

• Expected Limit: <1.8 x 10-8 @ 95%CL

• p-value background only:  11%

• Br(Bs→μμ) < 1.9 x 10-8 @ 95% CL

• using fs/fu=0.282±0.037 [pdg]
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37 • Expected Limit: <1.5 x 10-8 @ 95%CL

• p-value background only:  14%

• Br (Bs→μμ) < 1.6 x 10-8 @ 95% CL

• combined with 2010: <1.5 x 10-8 @ 95% CL
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•  Combination with CMS data (1.3/fb)	

•  Excess see by CDF not confirmed	

•  Expected <BR> ~ 4 10-9	
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Figure 10: B0
s → µ+µ−: expected distributions of possible values of CLs (dashed black

line) under the hypothesis to observe background only (left) and under the hypothesis

to observe a combination of background and signal events compatible with the SM rate

(right). On both graphs, the green areas cover the region of ±1σ of compatible obser-

vations. The observed distributions of CLs as a function of the assumed branching ratio

are shown as dotted blue lines. The measured upper limits at 90% and 95% C.L. are also

shown.
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CMS, LHCb: Bs→μμ Limits

expected limit 
background + SM signal

observed limit L=300 pb-1

• Expected Limit: <1.8 x 10-8 @ 95%CL

• p-value background only:  11%

• Br(Bs→μμ) < 1.9 x 10-8 @ 95% CL

• using fs/fu=0.282±0.037 [pdg]

LH
C

b-
C

O
N

F-
20

11
-0

37 • Expected Limit: <1.5 x 10-8 @ 95%CL

• p-value background only:  14%

• Br (Bs→μμ) < 1.6 x 10-8 @ 95% CL

• combined with 2010: <1.5 x 10-8 @ 95% CL
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LHCb	  

2011	  

Perspectives with 1/fb statistics:	

	

•  Limit (95% CL) < 5 10-9 expected	


•  3σ observation if BR ~ 7 10-9	


Measurement of Bd à µµ also important 
[test of models : B(Bd à µµ)/B(Bs à µµ)]	


12	  



LHCb constraining Supersymmetry	
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G. Isidori, ICFA Seminar, 2011	


•  BR(Bsàµµ) puts strong	  bounds	  on	  tan	  β	

	
at least in MSSM, complementary to 
	
direct searches and in tension with g-2 	
	


	

•  LHCb result enters into SUSY models fits 	


arXiv: 1108.3018 	  

13	  



B0 → K*l+l-

• Flavour changing neutral current decay:

• Br(B0 → K*l+l-) = (3.3 ± 1.0) x 10-6

• Described by

• three angles: θl, ϕ, θk 

• μμ invariant mass: q2

• Excellent probe of helicity structure of 
New Physics

• Esp.  lepton forward-backward asymmetry            
AFB vs.  q2
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B0 → K*l+l-

• Flavour changing neutral current decay:

• Br(B0 → K*l+l-) = (3.3 ± 1.0) x 10-6

• Described by

• three angles: θl, ϕ, θk 

• μμ invariant mass: q2

• Excellent probe of helicity structure of 
New Physics

• Esp.  lepton forward-backward asymmetry            
AFB vs.  q2

• Results from B-factories & CDF show 
hint of peculiar behavior at low q2 ?
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FIG. 2: Measurements of forward-backward asymmetry AFB

in the decay (a) B0 → K∗0µ+µ− and (b)B+ → K+µ+µ− as a
function of dimuon mass squared q2. Points are the fit results
from data. The solid curves are the SM expectation [24]. The
dotted curve is the C7 = −CSM

7 expectation suggested by
some BSM models. Hatched regions are excluded resonant
(charmonium) decay regions.

and 0.01 – 0.14 for Aim in the mode B0 → K∗0µ+µ−.
Similar sizes of systematic uncertainties are found in the
combined fit results.

In summary, we have reconstructed the decays B0 →
K∗0µ+µ− and B+ → K∗+µ+µ− and measured their
angular distributions. We have measured the muon
forward-backward asymmetry AFB , the K∗ longitudi-
nal polarization fraction FL, the transverse polarization

asymmetry A(2)
T , and the T -odd CP asymmetry Aim as a

function of the dimuon mass squared q2. Measurements

of A(2)
T and Aim are reported for the first time. The

muon forward-backward asymmetry AFB is also mea-
sured in the decay mode B+ → K+µ+µ− and represents
an update with higher precision. All of the new reported
results presented in this Letter are among the most accu-
rate to date and consistent with the SM predictions, but
still statistically limited in providing stringent tests on
various models. The results are also consistent with re-
cent measurements from B-factory experiments [12, 13].

We wish to tender our cordial thanks to Christoph Bo-
beth, Joaquim Matias, and Wolfgang Altmannshofer, for
close communication and valuable suggestions about the
angular observables. We express our special gratitude
to Danny van Dyk, who provided the tool to obtain the
theoretical predictions for the angular observables.

We thank the Fermilab staff and the technical staffs
of the participating institutions for their vital contribu-
tions. This work was supported by the U.S. Department
of Energy and National Science Foundation; the Italian
Istituto Nazionale di Fisica Nucleare; the Ministry of
Education, Culture, Sports, Science and Technology of
Japan; the Natural Sciences and Engineering Research
Council of Canada; the National Science Council of the
Republic of China; the Swiss National Science Founda-
tion; the A.P. Sloan Foundation; the Bundesministerium
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FIG. 3: Measurements of (a) longitudinal K∗ polarization
fraction FL, (b) forward-backward asymmetry AFB , (c) trans-

verse polarization asymmetry A(2)
T , and (d) T -odd CP asym-

metry Aim in the combined decay mode B → K∗µ+µ−, all
presented as a function of dimuon mass squared q2. The
points are the fit results from data. The solid curves are the
SM expectation [24]. The dotted curves are the C7 = −CSM

7

expectation. Hatched regions are resonant (charmonium) de-
cay regions.
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function of dimuon mass squared q2. Points are the fit results
from data. The solid curves are the SM expectation [24]. The
dotted curve is the C7 = −CSM

7 expectation suggested by
some BSM models. Hatched regions are excluded resonant
(charmonium) decay regions.
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Similar sizes of systematic uncertainties are found in the
combined fit results.

In summary, we have reconstructed the decays B0 →
K∗0µ+µ− and B+ → K∗+µ+µ− and measured their
angular distributions. We have measured the muon
forward-backward asymmetry AFB , the K∗ longitudi-
nal polarization fraction FL, the transverse polarization

asymmetry A(2)
T , and the T -odd CP asymmetry Aim as a

function of the dimuon mass squared q2. Measurements

of A(2)
T and Aim are reported for the first time. The

muon forward-backward asymmetry AFB is also mea-
sured in the decay mode B+ → K+µ+µ− and represents
an update with higher precision. All of the new reported
results presented in this Letter are among the most accu-
rate to date and consistent with the SM predictions, but
still statistically limited in providing stringent tests on
various models. The results are also consistent with re-
cent measurements from B-factory experiments [12, 13].

We wish to tender our cordial thanks to Christoph Bo-
beth, Joaquim Matias, and Wolfgang Altmannshofer, for
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theoretical predictions for the angular observables.
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FIG. 3: Measurements of (a) longitudinal K∗ polarization
fraction FL, (b) forward-backward asymmetry AFB , (c) trans-

verse polarization asymmetry A(2)
T , and (d) T -odd CP asym-

metry Aim in the combined decay mode B → K∗µ+µ−, all
presented as a function of dimuon mass squared q2. The
points are the fit results from data. The solid curves are the
SM expectation [24]. The dotted curves are the C7 = −CSM

7

expectation. Hatched regions are resonant (charmonium) de-
cay regions.
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B0 → K*μ+μ- at LHCb
• Select events using a Boosted Decision Tree

• Veto J/ψ and ψ(2S) regions
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Figure 3: The mKπµµ mass distribution of B0→ K∗0µ+µ− candidates in the full q2 range
(a), in a 1 < q2 < 6 GeV bin (b), and in the six Belle q2 bins (c). The solid line shows
a fit to this distribution with a double-Gaussian signal component (thin-green line) and
Exponential background component (dashed-red line).

7

L  = 309 pb-1
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•  Selection: 
–  Remove cc resonances  

•  2946 <mµµ< 3176 MeV/c2 

•  3586 <mµµ< 3776 MeV/c2 

–  Treat peaking backgrounds 
with a specific set of criteria 
(! residual backgrounds ~3% 
of signal) 

–  Combinatorial backgrounds 
reduced with a Boosted 
Decision Tree (BDT) selection 

•  Use Belle q2 binning and an 
(overlapping) 1<q2<6 GeV2/c4 
bin favoured by theorists  

18

•  Select data with multivariate techniques	


•  Very good yield and S/B (comparable to B 
factories)	


	

•  Fit in bins of θl , Φ,  θK , and q2	


•  Extract AFB and FL: systematics very small and 
results statistically limited	


•  Data in excellent agreement with SM	


•  Next : determine q0
2, and variables 

sensitive to RH currents ( AT
(2))	


15	  



• See talk by Rick van Kooten

• Requires time-dependent, flavour tagged, angular analysis 

• The measurement of the Δms with Bs→Dsπ has served as a proving 
ground: known (mixing) amplitude,  (by now) known frequency
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Measurement of mixing Δms using flavor 
tagged decays Bs à Ds π	

	


Same side and opposite side tagging 
exploited	

	

LHCb has the Δms world best value	
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LHCb: Bs→J/ψϕ - Proper Time Resolution

• Measure using prompt J/ψ background

• isolated using s-weights(*)

• Verify on MC that this background is 
representative for the signal

• 2% systematic error

• Dilution(**) for Δms=17.7 ps-1:              
<Dres>eff = 0.666 ± 0.013

• Effective resolution:       σt ~ 50 fs

Proper time resolution 
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CP violation in Bs → J/ψϕ:  ingredients
Description of Bs J/

3

Bs J/ admixture of CP-even/odd states.   
Can be described by 3 polarization amplitudes: 

Transversity basis:

transversity angle distributions:  

Signal event distribution: Flavor tagging 

Physics parameters:

time 
resolution

acceptance sB sB

(assuming no CPV)

(constraint)

CP-violation in  mixing  
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• PS → VV : 3 polarization amplitudes

• Describe in transversity basis

• l=1 : A⟂ (CP odd)

• l=0,2 : A0, A∥ (CP even)

• Signal PDF:  flavour tagged, time dependent, angular dependent:

Transversity angles
Ω = { θ,ϕ, ψ}

time resolutionflavour taggingacceptance

S(�λ, t, �Ω) = �(t, �Ω)×
�

1+qD
2 s(�λ, t, �Ω) + 1−qD

2 s(�λ, t, �Ω)
�
⊗Rt

�λ = (Γs,∆Γs,∆ms,φs, |A0|2, |A⊥|2, δ�, δ⊥, |AS |2, δS)
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• Signal PDF:  flavour tagged, time dependent, angular dependent:

Transversity angles
Ω = { θ,ϕ, ψ}

time resolutionflavour taggingacceptance

S(�λ, t, �Ω) = �(t, �Ω)×
�

1+qD
2 s(�λ, t, �Ω) + 1−qD

2 s(�λ, t, �Ω)
�
⊗Rt

�λ = (Γs,∆Γs,∆ms,φs, |A0|2, |A⊥|2, δ�, δ⊥, |AS |2, δS)

25

Tagging power (OS only): εD2 ~ 2 %	

	

Measurement of proper time resolution 
with the background of prompt J/ψ	

	

Effective resolution σt ~ 50 fs (near to 
expected value)	
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B → K∗µ+µ− CDF (6.8 fb−1)

Y. Kwon (Yonsei Univ.) Rare B and D decays (LP 2011 @ Mumbai, India) Aug. 27, 2011 18
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Bs→J/ψφ:   ΔΓs vs. ϕs

Most precise measurement of ϕs

• ϕs = 0.13 ± 0.18 (stat) ± 0.07 (syst) rad

• Consistent with SM

4 σ Evidence for ΔΓs ≠0 : 

• ΔΓs = 0.123 ± 0.029 (stat) ± 0.008 (syst) ps-1

•     Γs = 0.656 ± 0.009 (stat) ± 0.008 (syst) ps-1

Standard Model
(Lenz, Nierste: arXiv:1102.4274)
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Figure 4: Data points overlyed with fit projections for the proper time and transversity
angle distributions in as mass range of ± 20 MeV/c2 around the reconstructed B0

s mass.
The decay time acceptances applied to the signal component are analogously applied
to the background decay time distributions. The total fit result is represented by the
black line. The signal component is represented by the solid blue line; the dashed and
dotted blue lines show the CP -odd and CP -even signal components respectively. The
background component is given by the red line.

around the reconstructed B0
s mass. Figure 5 shows the 68.3%, 90% and 95% likelihood140

confidence level contours in the φJ/ψφ
s −∆Γs plane including systematic uncertainties. The141

contours exhibit a symmetry due to the two-fold ambiguity in relations 14. To evaluate142

the overall agreement of the PDF to the data in the multidimensional space we performed143

a measurement of goodness of fit based on the point-to-point dissimilarity test [18]. The144

p-value that we obtain from the full fit is XXX.145

10

Bs→J/ψϕ: fit projections

• Projections very well 
described

• Goodness of fit using 
point-to-point dissimilarity 
test statistic(*)

• p-value: 0.44
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Figure 2: Mass distribution of B0
s → J/ψφ candidates. The superimposed blue curve is

the signal mass model, the red curve corresponds to the combinatorial background. The
black curve describes sum of signal and background candidates.

where the probability density function (PDF) P consists of a signal component S and a
background component B,

P = fsig S + (1− fsig) B . (2)

with fsig the signal fraction. The set of physics parameters λphys includes the B0
s decay

width Γs, the decay width difference between the B0
s mass eigenstates ∆Γs, the mixing

frequency ∆ms, the CP violating phase φJ/ψφ
s and the relative phases (δ⊥, δ�, δs) and

magnitudes at time t = 0 (|A⊥(0)|2, |A�(0)|2, |As(0)|2) of the three angular transversity
amplitudes and the S-wave contribution. The symbol λdet represents the parameters in-
volved in describing resolutions, acceptance and flavour tag calibration. The parameters
used to describe the background are generically denoted by λbkg.
We have verified that the candidate mass does not correlate with the other observables
such that the PDF can be factorized. We assume that the shape of the background does
not depend on the flavour tag and that it factorizes in decay time and decay angles. The
background PDF then reduces to that described in the untagged analysis [11]. Conse-
quently, we concentrate in the following on the PDF for the decay time and decay angles
for the signal contribution.
Ignoring detector effects, the distribution for the decay time t and the transversity angles
Ω for B0

s→ J/ψφ decays produced in a B0
s flavour eigenstate is given by the differential

decay rate

d4Γ(B0
s→ J/ψφ)

dt d cos θ dϕ d cos ψ
≡ d4Γ

dt dΩ
∝

10�

k=1

hk(t)fk(Ω) . (3)

The ten time-dependent amplitudes hk(t) and the angular functions fk(Ω) are given in54

Table 1. The terms 7–10 are related to the description of the S-wave component, which55

have been added to this analysis.56

3

(*) see eg. M. Williams, JINST 5 (2010) P09004 
[arXiv:1006.3019 [hep-ex]]
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Bs → J/ψ f0

Bs → J/ψϕ

ΔΓ
s>

0

ΔΓ
s<0

Simultaneous fit to both samples: 

ϕs = 0.03 ± 0.16 ± 0.07 rad

With present statistics, no evidence 
for deviation from the SM.

Next steps: 
1) Increase statistics (luminosity)
2) Add same-side Kaon tagging
3) Break ambiguity by looking at 
relative S-wave phase vs. M(KK) in 
J/ψϕ 

LHCb
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LHCb Preliminary

~ 8000 events	


Independent measurement performed	

with Bs à J/ψ f0 : CP eigenstate and no	

angular analysis needed:	

Φs = - 0.44 ± 0.44 (stat) ± 0.02 (syst) rad	
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combined	


result	




Status and perspectives of φs measurement	


Previous tensions with SM observed by CDF and D0 not confirmed	

Incompatibility with ASL result from D0 (to be tested soon by LHCb)	

	

Still a lot of room for New Physics 	

LHCb expects a precision of 0.1 rad with 1/fb data sample	
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B0 → K*γ  and  Bs → ϕγ
• Radiative b→s penguin decay, B0→K*γ first seen 

by CLEO in 1993.

• Broader signal peak (compared to all-charged final 
states) implies more work on backgrounds  
(B0→K+π-π0, Bs→K+π-π0,B0→K*0e+e-,Bs→K+π-

γ) and cross-feed

• Simultaneous fit to Bs→ϕγ and B0→K*γ; 

• mass difference fixed to PDG

• Largest Bs→ ϕγ signal,  measure:

• SCET predicts 1.0 ± 0.2 for this ratio                   
[Ali et al., EPJ C55:577 (2008)]

• Future steps:  measure CP asymmetries

The B0→K ∗0γ and B0
s →φγ plots

)2) (MeV/c!"M(K
4500 5000 5500 6000

Ev
en

ts
 / 

( 8
0 

)

0

100

200

300

400

500  69± =  1796 !"KN
2 5 MeV/c± =  5278 

!"K
µ

2 6 MeV/c± =  153 !"K#

-1L=340.1 pb$=7 TeV   s
LHCb Preliminary

)2) (MeV/c!
-K+M(K

5000 5500 6000

Ev
en

ts
 / 

( 8
0 

)

0

10

20

30

40

50

60

70

80
 26± =  241 !

-K+KN
2 =  5365 MeV/c

!-K+K
µ

2 15 MeV/c± =  152 
!-K+K#

-1L=340.1 pb$=7 TeV   s
LHCb Preliminary

The yields

Largest B0
s →φγ signal observed!

The B0→K ∗0γ is getting close to BABAR.

Albert Puig (LHCb Radiative Group) B(B0
→K∗0γ)/B(B0
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The B0→K ∗0γ and B0
s →φγ plots
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The B0→K ∗0γ is getting close to BABAR.
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→K∗0γ)/B(B0

s →φγ) Aug 12, 2011 8 / 46

Conclusions

In 340 pb−1 of pp collisions at a centre of mass energy of
√
s = 7 TeV the

ratio of branching ratios between B0→K ∗0γ and B0
s →φγ has been

measured to be

B(B0→K ∗0γ)

B(B0
s →φγ)

= 1.52 ± 0.15(stat) ± 0.10(syst) ± 0.12(fs/fd )

This results is in agreement within 1.5 standard deviations with the theory
prediction.

Albert Puig (LHCb Radiative Group) B(B0
→K∗0γ)/B(B0

s →φγ) Aug 12, 2011 45 / 46
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•  First analysis with calorimetric objects	


B0 → K*γ  and  Bs → ϕγ
• Radiative b→s penguin decay, B0→K*γ first seen 

by CLEO in 1993.

• Broader signal peak (compared to all-charged final 
states) implies more work on backgrounds  
(B0→K+π-π0, Bs→K+π-π0,B0→K*0e+e-,Bs→K+π-

γ) and cross-feed

• Simultaneous fit to Bs→ϕγ and B0→K*γ; 

• mass difference fixed to PDG

• Largest Bs→ ϕγ signal,  measure:

• SCET predicts 1.0 ± 0.2 for this ratio                   
[Ali et al., EPJ C55:577 (2008)]

• Future steps:  measure CP asymmetries

The B0→K ∗0γ and B0
s →φγ plots
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•  Large improvement on mass resolution with	

     latest ECAL calibration: 150 MeV à 100 MeV	


•  Next step: measure CP asymmetries	


20	  



21	  

Towards the measurement of γ (tree diagrams)	


•  Time integrated ADS method	

	
(BàDK, interference between	

	
B and D suppressed decay modes)	


•  Very small branching ratio: ~ 10-7	


•  LHCb data: world best	


AADS = - 0.39 ± 0.17 ± 0.02	

RADS =(1.66 ± 0.39 ± 0.24) 10-2	
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Towards the measurement of γ (loop diagrams)	


•  Measurement of time 
integrated asymmetries in 
Bàhh decays	


•  1st evidence of  CP violation 
in  Bs system 	


•  Best single measurement of  
ACP (Bd) and new element 
for the ACP “puzzle”	


The Kπ puzzle, updated

   
preliminary (EPS 2011)

Y. Kwon (Yonsei Univ.) Rare B and D decays (LP 2011 @ Mumbai, India) Aug. 27, 2011 11

Kwon LP2011	  

Next step: time dependent asymmetries 	  
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The “beauty” of charm	


•  LHCb can profit of the huge charm 
production cross section at the LHC 
(~6 mb): 1 kHz out of 3 kHz of the 
HLT output dedicated to charm	


•  Complication: evaluate asymmetry 
coming from initial pp state	


D*+→ D0(K+K-)π+	


yCP: compare lifetime of D0→CP-
eigenstate, (KK or ππ), to D0→non-
eigenstate (Kπ) [untagged samples]	


Results presented at EPS, based ONLY on 2010 data (~35 pb-1)	


AΓ: compare D0 and D0→KK lifetimes	

[tagged samples]	
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New b-hadrons and B excited states	

χb à Y(1S) γ	


Bc	


B+** àB0 K+ 	


Data mining has just started !	
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Missing items (not enough time to discuss them …)	

	

	

	

•  Quarkonia and production cross sections	


•  Charm spectroscopy	


•  Electroweak Physics	


•  Exotica (X, Z states)	

	

•  QCD	


•  Majorana, long lived particles	


… etc …	




Status of the Upgrade (I)	

	

April 2011: LOI submitted to LHCC	


•  LHCC(1): endorsement of physics case for the upgrade	

•  LHCC(2): setup a peer review of the 40 MHz option 	


June 2011: LHCC(3): positive evaluation of reviewers. “Go ahead” with TDR work and 
request for intermediate assessment (“framework document”)	

	

“40 MHz” upgrade scheme:	

•  new FEE everywhere, but MUON	

•  new tracking layout (VELO – TT – IT – part of OT)	

•  new photo sensors on RICH	

•  software trigger (efficiency for hadronic channels ~ double)	

•  consolidation for OT – CALO – MUON	

•  new TOF detector (TORCH) 	

	

Goals:	

•  Operate the detector at ≥ 1033 cm-2s-1 @ LHC with 25ns spacing	

•  Start of upgraded LHCb: 2019	

•  Collect ≥ 50/fb in 10 years with enhanced hadronic trigger	
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Status of the Upgrade (II)	

	

	

•  Upgrade Steering Group in force since 1.7.2011	

	
Three lines of activity:  Tracking (VELO, IT, ST, OT) – PID (RICH, CALO, MUON) – 
	
Electronics & data processing. Not a replica of existing Projects	

	
Goals: harmonize efforts, setup milestones for technological choices, bring 	

	
subsystems to TDR, define common projects	

	
First workshops already ongoing before end 2011	


	

•  Preparation of a “framework document” in 2012 containing:	


•  List of technological options and preliminary schedule	

•  Definition of milestones for having TDR(s) ready by 2013	

•  Preliminary evaluation of detector cost & resources needed	

•  Preliminary definition of common projects	

•  List of Institutes/Funding Agencies interests	

	
This document should be submitted to LHCC as “Addendum to LOI”	


	

•  Intense R&D ongoing to prepare TDR (à resources needed)	
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Collaboration matters	

	

	

•  T. Gershon (Warwick) is the new Physics Coordinator (as of 1.1.2012)	


•  S. Hansmann-Menzemer (Heidelberg), M. Ferroluzzi (CERN), R. LeGac 
(Marseille) and G. Wilkinson (Oxford) have been appointed in the Upgrade 
Steering Group	


•  A group from Rostock University became associated member (host 
Institute: Heidelberg University)	


•  A group from Cincinnati University is applying to become LHCb member 
(Babar - interests in charm physics, HLT and upgrade). Negotiations with 
LHCb well advanced. Grant application to NSF due by end of October 	
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Conclusions	

	

	

LHCb is performing very well.  Thanks to LHC Team (and to luminosity 
leveling technique) has collected over 1 fb-1 in the 2011 run	

	

Analyses in core physics channels are already well advanced, with 3 areas of 
“world record” measurements: Bsà J/ψ φ , Bsà µµ , Bdà K* µµ 	

	

Standard Model still “uncracked” but large room for New Physics	

LHCb is complementing ATLAS&CMS limits for Supersymmetry	

	

A lot of activities and very good perspectives for “world record” 
measurements with 1 fb-1 in CPV in b and c decays, CKM angle γ , radiative 
and rare decays + a very large spectrum of physics items	

	

Looking forward to increase (x 2 and even more) the statistics in 2012	

	

Working hard to prepare LHCb future (Upgrade)	


29	  



Murayama, ICFA Seminar, 2011 CERN	


30	  

How theorists see interactions	

with LHC and LHCb …	



