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Prospects for Heavy Flavour 
《 Probes of New Physics 》 

 

 
 

Aug. 13, LHC & Beyond @ ICISE, Quy Nhơn, Việt Nam                                     
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Outline 

0.    the Charge:      Flavour           LHC 
                             Indirect Probe        Direct Search 
 

I.   Beauty and the BEACH ― Whither the LHC  

          Bs & Bd → μ+μ−  /  φs  /  𝑷𝟓
′  

  

II.   B Factory Legacy:  B → D (*)tn “BaBar anomaly” 

        Comment(s) / B → mn 
  

III. Top — the new Flavour Frontier 
        t → cH (H → tc)  /  t → cZ  /  t → cZ′ (?) 
  

IV.  Other?   BNV-top;  KL → p0nn 

http://www.ntu.edu.tw/chinese/PageN.php
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0.    the Charge:      Flavour           LHC 
                             Indirect Probe        Direct Search 
 

- What was learned from the LHC on Heavy Flavour? 

- Which H.F. Observables probe New Physics ? 

Most Important & Promising at LHC ? 

http://www.ntu.edu.tw/chinese/PageN.php
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 2011:  No NP in AFB(B → K*ℓℓ)  

@ EPS2011 

http://www.ntu.edu.tw/chinese/PageN.php
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Gerhard Raven @ LP11 

 2011:  No New Phys. in φs  

 Anticipation !  
 Exasperation  

http://www.ntu.edu.tw/chinese/PageN.php
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 Evolution of the B0 → μ+μ− “Straub plot” 

(series of Moriond talks) 

Disappointment: No New Physics 

Another Nail in 
the … for MSSM 

http://www.ntu.edu.tw/chinese/PageN.php
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• Bs & Bd → μ+μ−   
 

• φs 
 

• 𝑷𝟓
′  

LHCb:  flavor powerhouse since LHC turn-on (trailed by CMS) 

2013 
 

2013, 2014 
 

2013 

Swain (E) 
 

Higuchi (E) 
 

http://www.ntu.edu.tw/chinese/PageN.php
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Full combination coming soon ….  (since a year) 

“3σ” 

http://www.ntu.edu.tw/chinese/PageN.php
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 2013/4  →   2016?  →   2017/18? 
3 fb−1        ~ 8 fb−1  LHCb  

CMS ? What if Bd → μ+μ− turns  4σ ?  5σ ?  
   And Central Value stays? 
   And it’s not due to Peaking Background? 

 “Challenge to Mimura san”:  find a model where Bd → μ+μ− is 3x SM!  
 

SM4 

+ CMS 

http://www.ntu.edu.tw/chinese/PageN.php
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SM4 “walks” with a 
  cannon ball hole … 

But, it can do Bdμμ ! 

http://www.ntu.edu.tw/chinese/PageN.php
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WSH, Kohda, Xu,  Phys. Rev. D 87, 094005 (2013)   [1302.1471]  

Any “Mimura Model” will be 
 full of bullet/cannon holes …  

 SM4  
 

http://www.ntu.edu.tw/chinese/PageN.php
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 s = 0.00 ± 0.07  

PRD2013, 1 fb−1 

0.01 ± 0.07 ± 0.01 

PLB2012, 1 fb−1 PRL2012, 0.37 fb−1 

—  Tagging  — 

 CPV phase of Bs mixing  

http://www.ntu.edu.tw/chinese/PageN.php
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1405.4140 (PLB) 3 fb−1 

0.070 ± 0.068 ± 0.008 

PAS BPH-13-012  8 TeV 

−0.03 ± 0.11 ± 0.03 

0.05x ± 0.06y 
(no number given)  

 Need 1 fb−1 → 3 fb−1 

 for J/ψ KK from LHCb  
  

http://www.ntu.edu.tw/chinese/PageN.php
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Moral  from  φs  
 

2013, 1 fb−1 

2012, 1 fb−1 2012, 0.37 fb−1 

2013, 1 fb−1 

0.070 ± 0.068 ± 0.008 
2014, 3 fb−1 

? 
2014/5, 3 fb−1 

 CMS/ATLAS Provide Sanity Check  
 

If Central Value stays      Large Deviation+ from SM 

http://www.ntu.edu.tw/chinese/PageN.php
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a fluctuation among  
many measurables ? 

1308.1707 

• Don’t bet on it (Belle/BaBar advice) 

          Need  3 fb−1  Update 
 

• NP?   ΔC9  ~  −1.5:   “TeV”  Z′ 
 

• Theory Activity ongoing … 

1 fb−1 

e.g. 1307.5683; 1308.1501; 1310.2478;  

      1310.3877; 1310.1082; 1311.6729 … 

http://www.ntu.edu.tw/chinese/PageN.php


 Flavour Probes                                        George W.S. Hou (NTU)                LHC & beyon @ Quy Nhơn, 8/2014    16  

H 
− 

H 
+ 

Tayduganov (T) 

http://www.ntu.edu.tw/chinese/PageN.php
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 Whither 2HDM-II  (MSSM)  
  

3.4σ dev. 
from SM 

http://www.ntu.edu.tw/chinese/PageN.php
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B → D 
(*)tn  “BaBar anomaly” 

 

 •  LHCb do not “believe” this  (since they cannot touch) 
 
 •  Scalar Form Factor ?    Lattice seem OK    (El-Khadra) 
 
 •  Belle working on it:    Summer 2014?  Winter 2015? 
 

              heightened interest if concur with BaBar 
 

 •  Belle should update B → mn, untagged!       
 

468 M 

277 M 

~ (0.3-0.4) x 10−6 

 B → mn can “sense” the H+ enhancement, with indep. syst. 
 

and Belle 2 early data (2017 ?) 

(CKM2014) 

http://www.ntu.edu.tw/chinese/PageN.php
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Tzeng, 11 Aug. 

t 

c 

h0 Z0 Z′ 

http://www.ntu.edu.tw/chinese/PageN.php
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Non-mass-giving  

doublet in general  

FC Yukawa’s 

Pro-found if Found 
FCNH: verboten in SM 
               & 2HDM I/II 

Glashow-Weinberg 1977 

2HDM III ? 
BaBar  

“Anomaly” 

t 

c 

h0 

Yuk.⊗Higgs-mix 

Stringent B Physics 
& H → tt Constraints 

Decouple from 
BaBar “Anomaly” 

rcc, rct 
rtc, rtt 

 

New Sector 
 to be probed 
at the LHC 

Upshot: 

Chen, WSH, Kao, Kohda, PLB’13 

http://www.ntu.edu.tw/chinese/PageN.php
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 tCNC / tCNH  
 

Other / Backup 

ATLAS: H →  gg 

CMS:   multi-ℓ 

Sub-% a year  
after discovery ! 

Under Study 

… such as warped extra dimensions. 

Our limit can be translated into a  

constraint on the KK gluon to be  

heavier than 1.1 TeV [9]. 

Agashe, Perez,  

Soni,  PRD’07 

 “Challenge to Mimura san” #2:  find a model where t → cZ  > 10−4!  
 

Altunkaynak, WSH, Kao, Kohda, McCoy 

t → cZ′ ?  Some motivation from 𝑷𝟓
′   (w/ VLQ)  

Altmannshofer et al., 1403.1269 

http://www.ntu.edu.tw/chinese/PageN.php
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Enhanced  Bd → μ+μ−
 ?         NP  in  b  →  d 

Positive  φs ?                NP CPV in b  →  s 

KOTO 

http://www.ntu.edu.tw/chinese/PageN.php
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Outline 

0.    the Charge:      Flavour           LHC 
                             Indirect Probe        Direct Search 
 

I.   Beauty and the BEACH ― Whither the LHC  

          Bs & Bd → μ+μ−  /  φs  /  𝑷𝟓
′  

  

II.   B Factory Legacy:  B → D (*)tn “BaBar anomaly” 

        Comment(s) / B → mn 
  

III. Top — the new Flavour Frontier 
        t → cH (H → tc)  /  t → cZ  /  t → cZ′ 
  

IV.  Other?   BNV-top;  KL → p0nn 

http://www.ntu.edu.tw/chinese/PageN.php
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http://www.ntu.edu.tw/chinese/PageN.php
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http://www.ntu.edu.tw/chinese/PageN.php
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C. Kao @ ICHEP2014 

http://www.ntu.edu.tw/chinese/PageN.php
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“unconstrained” 

http://www.ntu.edu.tw/chinese/PageN.php
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WSH, Nagashima, Soddu, PRD’05:  less than 10−27  (proton decay constraint) 

Dong, Durieux, Gérard, Han, Maltoni, PRD’12:  could have cancellation mech. 

http://www.ntu.edu.tw/chinese/PageN.php

