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The LHCb hunt for non-SM Higgs(es) 

B(d,s) µµ is the best way for LHCb to constrain the parameters of  
the extended Higgs sector in MSSM, fully complementary to direct searches 

2 

Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but very well predicted: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  
Buras et al., arXiv:1007.5291 and references therein	  

Main SM diagrams 

~ |Vts |2, CA 
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Helicity suppression: 
all relevant SM diagrams contribute to CA 
as the diagram with Higgs exchange is fully negligible  ~(mb/mW)2 
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Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but very well predicted: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  

In SM BR(Bs(d)l+l-) is proportional to  |Vts(d)|2 : 
1.  BR(Bd l+l-) ~ 30 times lower than the Bs l+ l-  

2.  The ratio of BR(Bsll)/BR(Bd ll)= |Vts|2/|Vtd
|2 in SM and MFV models 

~ |Vts |2 

Main SM diagrams 
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The LHCb hunt for non-SM Higgs(es) 

B(d,s) µµ is the best way for LHCb to constrain the parameters of  
the extended Higgs sector in MSSM, fully complementary to direct searches 
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Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but very well predicted: 

  sensitive to New Physics contributions in the scalar/pseudo-scalar sector: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  

(	   )2	   (	   )2	   MSSM, large tanβ approximation 

CA,	  CA’	  
CS, CP’ 



Experimental results (before summer 2011) 
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Experiment Data set Limit 

CDF 3.7 fb-1 4.3 x 10-8 

D0 6.1 fb-1 5.1 x 10-8 

LHCb 0.036 fb-1 5.6 x 10-8 

Published Bsµµ limits @ 95% CL 

LHCb equivalent to CDF with  
~100 times less luminosity 

L	  [pb-1] 



Experimental results (before summer 2011) 
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Experiment Data set Limit 

CDF 3.7 fb-1 4.3 x 10-8 

D0 6.1 fb-1 5.1 x 10-8 

LHCb 0.036 fb-1 5.6 x 10-8 

Published Bsµµ limits @ 95% CL 

But also an anomaly: 
long-staying (since La Thuile)  
expected-only  limit from CDF: 
   BR(Bsµµ) < 2 x 10-8 @ 95% CL  

L	  [pb-1] 



July 12th, 2011:  
CDF sends to archive the following paper: 

arXiv: 1107.2304 [hep-ex] 

8 



CDF result based on: 
1)  double sample size  (3.7 fb-1 7 fb-1) 
2)  +20% acceptance for muons 
3)   improved Neural Network 

2.8 σ assuming bkg-only hypothesis 
1.9% compatibility with bkg+SM hypothesis 

Barrel-barrel 

Barrel-endcap 

background 
Signal 

(SMx5.6) 

0.46 x 10-8 < BR < 3.9x10-8 @ 90% CL (BR=1.8+1.1
-0.9) x 10-8 

Mµµ distribution in Bs search window for different NN bins 
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Given the CDF central value, LHCb should see  
~20 events in the Bs mass window (a mountain)! 
…but on July 12th we had still the search window blinded 
(the unblinding of the result for EPS was foreseen  
only few days later) 
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…background	   ..what	  about	  	  
calibra=ons?	  

BDT..	  

Bsµµ Working Group 

LHCb management 

…we performed the final checks and 
three days later we opened 
the window in front our internal 
referees.. July 15th, 5 days to EPS…. 
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Experimental parameters for the search of Bs,d µµ 

 Huge cross section:  
           LHC σ(ppbbX) @ 7 TeV ~ 300 µb (Tevatron ~ 100 µb) 
            Large acceptance ( bb are produced forward/backward): 
                   LHCb acceptance 1.9<η<4.9 (CDF: |η|<1 ; D0: |η|<2, CMS: |η|<2.4) 
                   ε(acceptance) in LHCb for Bsdµµ~ 10% (CDF~1%) 
          Large boost:     
         average flight distance of B mesons @ LHC~ 1 cm (Tevatron: 2 mm) 
          …. LHCb has a huge amount of very displaced b’s……. 
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…. But in a harsh environment! 
- σ(pp, inelastic ) @ √s=7 TeV ~ 60 mb 
    - 60 tracks per event  in ‘high’-pileup conditions (~2 pp interactions Xing) 
    - only 1/200 event contains a b quark , and we are looking for  BR ~ 10-9 

LHCb expects 3.4 (0.32)  BS (Bd)µµ events triggered and  
reconstructed in ~300 pb-1 if BR = BR(SM)  

11 

LHCb	  event	  display	  

11 
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Key ingredients for Bs,dµµ 
1) Efficient trigger: 
         - to identify  leptonic final states with low-pT thresholds 
2) Background reduction: 
        - Very good mass resolution : 
                  sigma(MBs,d) ~ 26 MeV    [CDF: 25 MeV, CMS: 40  >80 MeV]   

  - Good particle identification: ε(µµ) ~ 98% for ε(hµ)< 1% for p>10 GeV/c 
       - Excellent vertex & IP resolution to separate signals from background :  
                σ(IP)~ 25 µm @ pT=2 GeV/c   (the best at LHC)      
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LHCb analysis strategy 
•  Soft selection:    
       - reduces the dataset to a manageable level 

•  Discrimination between S and B  via Multi Variate Discriminant  
      variable (Boosted Decision Tree) and Invariant Mass (IM) 
      - events in the sensitive region are classified in bins of a 2D plane  
     Invariant Mass and BDT variables, expected background from the fit of the mass 

sidebands. 

•  Normalization:  
     Convert the signal PDFs into a number of expected signal events by normalizing to 

channels of known BR (this get rid of L and σ(bb)): 
      use B+ J/ψK+, BsJ/ψϕ, BdKπ 
      use fd/fs combined LHCb result: fs/fd = 0.267 +0.021

-0.020  
                                     (LHCb-CONF-2011-028 & arXiv: 1106.4436 [hep-ex]) 

•  Extraction of the limit: 
     - assign to each observed event a probability to be S+B or B-only as a function 
      of the BR(Bs,dµµ) value; exclude (observe) the assumed BR value at a 
      given confidence level using the CLs binned method. 
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Analysis performed in the 2D plane: Invariant mass vs BDT 

BDT  
distributions 
for signal and 
background 

M(µµ) vs BDT 
       plane 
4 BDT bins 
6 mass bins 

Search windows 
(M(Bs,d) ± 60 MeV 
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LHCb: background in the search windows from fit to data sidebands 
                                        (…..no peak, clearly….) 
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Bd	  mass	  window	  
Bs	  mass	  window	  



BDT<0.25 0.25<BDT<0.5 0.5<BDT<0.75 0.75<BDT 

Exp.combinatorial 3175 ± 72 26.6 ± 2.5 3.1 ± 0.8 0.7 ± 0.4 

Exp. MisID 0.6± 0.1 0.6± 0.1 0.6± 0.1 0.6± 0.1 

Observed 3025 31 5 4 

LHCb result in the Bd mass window with 300 pb-1 

                             (preliminary)  

Bhh	  
misid	  	  
background	  



LHCb preliminary limit for BR(Bdµµ) with 300 pb-1 

(world best) 

CDF: 6.0 x 10-9 @ 95% CL 17 



LHCb result in the Bs mass window with 300 pb-1    
                              (preliminary)  

BDT<0.25 0.25<BDT<0.5 0.5<BDT<0.75 0.75<BDT 

Exp.combinatorial 2968 ± 69 25 ± 2.5 2.99 ± 0.89 0.66 ± 0.40 

Exp. SM signal 1.26 ± 0.13 0.61 ± 0.06 0.67 ± 0.07 0.72 ± 0.07 

Observed 2872 26 3 2 
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A Bsµµ candidate in the LHCb event display: 
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LHCb preliminary limit for BR(Bsµµ) with 300 pb-1 
(world best) 

2010+2011 combined                                1.2 x 10-8             1.5x10-8  

2011	  only	  	  

background only 
hypothesis 

Background + signal 
with BR=BR(SM) 
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CMS result for Bsµµ search with 1.14 fb-1  

•  Cut based analysis, sample divided in two bins: both muons in barrel  (|η|
<1.4), one µ in barrel one in endcap (1.4<|η|2.4). 

•  Normalization with B+J/ψK using fd/fs=0.282±0.037 [pdg] 

Barrel	   Endcap	  

[arXiv:1107.5834v1, CMS-BPH-11-002]	  

21 



CMS result for Bsµµ search with 1.14 fb-1  

•  Cut based analysis, sample divided in two bins: both muons in barrel  (|η|
<1.4), one µ in barrel one in endcap (1.4<|η|2.4). 

•  Normalization with B+J/ψK using fd/fs=0.282±0.037 [pdg] 

Barrel	   Endcap	  

[arXiv:1107.5834v1, CMS-BPH-11-002]	  

Expected	  limit	  at	  95%	  C.L.	  	  
(including	  presence	  of	  SM	  signal)	  	  

1.8	  x	  10-‐8	  	  	  

Observed	  limit	  at	  95%	  (90%)	  C.L.	  	  	   1.9	  (1.6)	  x	  10-‐8	  	  	  

p-‐value	  of	  bckg	  only	  hypothesis	   11%	  
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LHCb-CMS combination 
[LHCb-CONF-2011-047] 

•  Combination has been performed by LHCb just adding 2 CMS 
bins (1 for barrel, 1 for endcap): 

23 
BR(Bsµµ) < 1.1 x 10-8 @ 95% CL  (3.4xSM) 

CMS+LHCb combined 

95% exclusion limit 



LHCb-CMS combination 
[LHCb-CONF-2011-047] 

•  Combination has been performed by LHCb just adding 2 CMS 
bins (1 for barrel, 1 for endcap): 
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CMS+LHCb combined 

Most probable value 

~4x10-9 



An example: MasterCode (J. Ellis et al.) (http://www.cern.ch//mastercode) 
Goal: perform global fits to measured quantities (including direct) and build a 
χ2:searches) compare with prediction from a given model (CMSSM, NUMH1, 
mSugra, etc.)  

 BR(Bsµµ) and Global Fits 
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Global fits: input data 

EW observables 
(largest inpact MW, Ae

LR, Ab
FB) 

Flavour physics observables 
(largest inpact b s γ, Bsµµ) 

(g-2)µ 
Higgs Mass 
Cold Dark matter density 
LHC direct searches 



Best fit contours in tanβ vs MA  

 plane in the NUHM1 model,  
[O. Buchmuller et al, arxiv:0907.5568] 

(pre-LHC results) 
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	  tanβ vs MA plane  

Global Fits 

Low tan(β) and heavy Higgs mass~300 GeV 



Best fit contours in tanβ vs MA  

 plane in the NUHM1 model,  
[O. Buchmuller et al, arxiv:0907.5568] 

(pre-LHC results) 
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	  tanβ vs MA plane  

..	  Remember	  that	  	  Bsμμ	  is	  propor4onal	  to	  tan6β….	  

Global Fits: masterCode 

P~10%	  

F. Ronga at Workshop  LHC results for TeV scale physics, CERN, August 2011 

pre-LHC data 
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Global Fits & Bsµµ 



30 

Global Fits & Bsµµ 

   Bsµµ  upper limit  pushes down tan(β)  
    (opposite direction wrt direct searches) 



No New Physics… 



No New Physics…yet! 



Projections for early 2012: LHCb 
•  Luminosity projections from present data-taking assume that LHCb 

will collect between 1 fb-1 by the end of the year 

2011	  exclusion	  
curve	  @	  95%	  CL	  
(bkg+SM	  hyp.)	  

For the winter conferences (assuming no changes in the analysis / data quality) 
              LHCb might put a limit down to (6-7)x10-9 @ 95%CL….. 
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Bsμμ	  exclusion	  limit	  at	  90%	  and	  95%	  CL:	  projec=ons	  from	  2010	  data	  



Projections for early 2012: LHCb 

•  Luminosity projections from present data-taking assume that LHCb 
will collect between 1 fb-1 by the end of the year. 

     … or could claim a 3 sigma evidence if the BR is ~8 x10-9 
34 



           a 3σ evidence for BR= BR~8x10-9 will require: 
          1 fb-1  for LHCb  and 5 fb-1 for CMS   

arXiv:1108.3018v1 

Projections for CMS and LHCb 
3σ /5σ observations 

LHCb:	  3σ/5σ	   CMS:	  3σ/5σ	  

BR~8x10-9 
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Integrated Luminosity delivered to each LHC experiment 
(updated yesterday) 

L(CMS)/L(LHCb)~3.4	  
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Projections for early 2012:  
CMS+LHCb combination: 3 sigma evidence 

LHCb-CMS combined could claim a 3σ evidence if BR=(5-6)x10-9 

by 2012 winter conferences 

arXiv:1108.3018v1	  

Standard model 

L=3xL(EPS)  [~1 fb-1 for LHCb, ~3.3 fb-1 for CMS] 
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Bsµµ and 4th generation 

LHCb-‐only	  	  @	  moriond	  2012	  

LHCb+CMS	  @	  moriond	  2012	  

EPS 2011 

Preliminary projections for 2012 winter conferences for exclusion limits @ 95% CL: 
B

R
(B

s
µµ

) 
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Conclusions 

Excess of Bsµµ events seen by CDF not confirmed. 
LHCb with 300 pb-1 has put the best world upper limit:  
        BR(Bsµµ) < 1.5 x 10-8 @ 95% CL 
LHCb combined with CMS brings the limit down to: 
        BR(Bsµµ) < 1.1x10-8 @ 95% CL 
This limit has a direct impact on the global fits and  
on 4th generation models. 
The best has to come… Wait for Winter Conferences.. 
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Projections for early 2012: LHCb 
•  Luminosity projections from present data-taking assume that LHCb 

will collect between 1 fb-1 by the end of the year 

2011	  exclusion	  
curve	  @	  95%	  CL	  
(bkg+SM	  hyp.)	  

28 
CAVEAT: Given the present accuracy on fd/fs (~8%) and BR(SM) predictions (~6%) 

only if BR (NP) is larger than 1.3xBR(SM) (BR>4.2x10-9)  

we can exclude SM-like rate at 3 σ 



LHCb trigger for Bs,d µµ 
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max	  

max	  

Muon  Lines 

L0   Single- µ:   pT> 1.5 GeV/c 
µµ: sqrt(pT1xpT2)>1.3 GeV/c 

HLT1  single-µ: pT>1.8 GeV/c 
                IP>0.01 mm 

HLT2 Several dimuon lines with Mµµ 
cuts and/or displaced vertex 

+ Global Event Cuts for events with high multiplicity 

•  1/3 of the bandwidth (~0.8 kHz) given to the muon lines 
•  pT cuts on muon  lines  kept very low  ε(trigger Bsdµµ) ~ 90% 
•  Trigger rather stable during the whole period	  

3	  kHz	  on	  tape	  

L0 

HLT1 

HLT2 



The LHCb hunt for non-SM Higgs(es) 

B(d,s) µµ is the best way for LHCb to constrain the parameters of  
the extended Higgs sector in MSSM, fully complementary to direct searches 

2 

Double suppressed decay:  FCNC process and helicity suppressed:  
   very small in the Standard Model but very well predicted: 

Bs→µ+µ-= (3.2±0.2)×10-9  Bd→µ+µ-= (1.0±0.1)×10-10  

Parameterization of the BR(Bs µµ) in terms of SM quantities: 

	  The (dominant)  error on f(Bs) has been replaced by the error on  ΔMs 

Main SM diagrams 
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Normalization 
•  The signal PDFs can be translated into a number of expected 

signal events by normalizing to a channel with known BR 

Three different channels used: 

  1)  BR(B+→J/ψ(µ+µ-) K+)  = (5.98±0.22) 10-5             3.7% uncertainty    
          Similar trigger and PID. Tracking efficiency (+1 track) dominates the systematic 
           in the ratio of efficiencies. Needs fd/fs as input: 13% uncertainty   
   2) BR(Bs→J/ψ(µ+µ -) φ(K+K -))  = (3.35±0.9) 10-5      26% uncertainty  
           Similar trigger and PID. Tracking efficiency (+2 tracks) dominates the systematic 

    3) BR(B0→K+π-)  = (1.94±0.06) 10-5                         3.1% uncertainty  
           Same topology in the final state.  Different trigger dominate the syst. Needs fd/fs 22 



Bsµµ search window 
Geometrical Likelihood Bins 
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