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Flavor Probes of New Physics  

May 12 @ PPP11, Tamkang University 
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Outline


  possible KOTO surprise
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LHCb:  flavor powerhouse since LHC turn‐on (trailed by CMS)
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Full CMS + LHCb combination took … > a year
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-1.2σ


σstat ∼ 2 σsys


 σstat ≳ 5 σsys


 To Be Watched 
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 2014  →   2016?  →   2017/18?

25 ⊕ 3 fb−1
  ~ 100 ⊕ 8 fb−1 (?) 


CMS + LHCb

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


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

CMS & LHCb
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SM4 “walks” with a 
cannon ball hole thru …


WSH, Kohda, Xu,  PRD 2013 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mild tension here
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Dutta-Mimura, 1501.02044


SM


Can have 12 & 23 small 
leaving 13 !


Can be realized with 45 of SU(5) 
    or 120 of SO(10)  SUSY-GUTs


All Data
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Moral  from  φs  

2013, 1 fb−1


PLB2012, 1 fb−1
PRL2012, 0.37 fb−1


2013, 1 fb−1


φs


5/2014, 3 fb−1


1411.3104


0.00 ± 0.07  PDG’14 


SM sensitivity
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 Not Good, Not Bad … Not Too Good … 


C. Langenbruch @ Moriond EW


3 fb−1 


e.g. 1307.5683; 1308.1501; 
      1310.2478; 1310.3877; 
      1310.1082; 1311.6729 …


a fluctuation among 
many measurables ?
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H 
−
H 

+


WSH, PRD’93
 Grządkowski WSH, PLB’92
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 Whither 2HDM-II  (MSSM)  

3.4σ dev. 
from SM
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B → D 
(*)τν  “BaBar anomaly” 

 •  LHCb people 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 → µν, untagged!       

(CKM2014)


468 M


277 M


~ (0.3-0.4) x 10−6

WSH @ FPCP2012, 1207.7275
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Tzeng, 8/2014 
Recon. du Viet.


t


c

h0
 Z0
 Z′
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Non-mass-giving  
doublet in general  
has FC Yukawa’s 

Pro-found if Found Mass 

FCNH: verboten in SM 
               & 2HDM I/II 

Glashow-Weinberg 1977 BaBar  
“Anomaly” 

t


c

h0


Yuk.⊗Higgs-mix


2HDM III ?
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Non-mass-giving  
doublet in general  
has FC Yukawa’s 

Pro-found if Found Mass 

FCNH: verboten in SM 
               & 2HDM I/II 

Glashow-Weinberg 1977 BaBar  
“Anomaly” 

t


c

h0


Yuk.⊗Higgs-mix


Stringent B Physics 
& H → ττ Constraints


Decouple from 
BaBar “Anomaly” (!) 

New Sector 
 to be probed 

 at the LHC 


Upshot:


Chen, WSH, Kao, Kohda, PLB’13


2HDM III ?


Higgs-mix




FlavorNP “Run 2”                                       George W.S. Hou (NTU)                         PPP11, TKU, 5/12/2015    
19  

 tCNH  

Other

ATLAS: H →  γγ

CMS:   multi-ℓ


to appear,
 Altunkaynak, WSH, Kao, Kohda, Mccoy


Further dedicated studies ongoing




FlavorNP “Run 2”                                       George W.S. Hou (NTU)                         PPP11, TKU, 5/12/2015    
20  

µ 
τ h

ad



µ 
τ e



CMS PAS HIG-14-005
2.5σ excess
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τ


µ


H0


CMS PAS HIG-14-005


Motivated by 
Harnik, Kopp, Zupan, JHEP’13


2.5σ excess

“Cheng-Sher” Ansatz 

mµ mτ/υ 2 

Caution:  h-H mixing suppressed


 To Be Watched 
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tCNC   

Other


Altmannshofer et al., 1403.1269


Azatov, Panico, Perez, Soreq, JHEP2014


Top 
Compositeness
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“unconstrained”


Q, D, U:  vector-like quarks with Z′ charge




FlavorNP “Run 2”                                       George W.S. Hou (NTU)                         PPP11, TKU, 5/12/2015    
24  

 IV. Kaon:    the Oldest Frontier 

K+ → π+νν   vs   KL → π0
 νν 

and more …


Fuyoto, WSH, Kohda, 1412.4397
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gauged Lµ – Lτ


Q
ui

te
 W

ea
kl

y 
 

Co
up

le
d


but not DM


1406.2332
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gauged Lµ – Lτ


SM-assisted loop 
 s  dZ′; b  sZ′  

Fuyoto, WSH, Kohda, 1412.4397


Tune away by Z2
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Window basically Same 
as E787/949 @ BNL


@ CERN


The KOTO Expt at J-PARC 
can discover                    above 

the Grossman-Nir Bound !

KL → π0

 X0 


A Surprise !  “Trivial”


Kinematic exclusion:


 “Blind man blessed by senses.”


Fuyoto, WSH, Kohda




FlavorNP “Run 2”                                       George W.S. Hou (NTU)                         PPP11, TKU, 5/12/2015    
28  

 “Blind man blessed by senses.”


The KOTO Expt at J-PARC 
can discover                    above 

the Grossman-Nir Bound !

KL → π0

 X0 


discovery
 CKM2014


@ J-PARC


KL → π0
 X0 


Fuyoto, WSH, Kohda, PRL’15
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 V. Final Comments:   BNV(-top);  Origin of Flavor / BAU 
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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.


 Search should Boldy Continue !  
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The “God” Particle:  the Origin of Mass 

fortuitous 
or 

intended? 

 λF :  Yukawa Coupling


g 
gauge coupling


Enigma


EW: Organized Dynamics 

B.E.H., 1964 

⊃ CKM


Weinberg, 1967 
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O (1) 

1-2-3


2-3-4


Jarlskog Invariant


 WSH,  arXiv:0803.1234  
Chin.J.Phys. 47 (2009) 134 

“Weak”
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VI. Flavor Probes of NP during Run 2


1947
 K

1950


1960


1970


1980


1990


2000


2010


2020


CPV


DCPV
 TCPV


B

ϒ


DCPV


Nobel


Nobel


Bs→µµ


t


t → cZ/cH

(10-3 bound)


Top Redemption: 
 * Poor up-type limits 
      Unsuppressed CKM 
 * Uniquely Heavy
~ 20 yrs


~ 20 yrs


~ 20 yrs


“10-3”


?   ? 
? ?!


50
 y

ea
rs



(⊃ Bob Hsiung)


(John & Paoti)
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also Blankenburg, Ellis, Isidori, 1202.5704


adapted from Chang, WSH, Keung 1993


Two-loopDominace: 
    one-loop highly suppressed
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blinding spot
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BaBar’13 (471M BB(bar))


 BaBar: mild hint in B+ → K+νν 

N.B.  B(B → Kπ0)  <<  B(K → ππ0) 


Belle needs to follow up with 
 the Binned mmis analysis. 
( Belle II) 

Fuyoto, WSH, Kohda, 1412.4397
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 The 2nd Window


table in backup
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LHCb 3 fb-1, JHEP 1406


N.B. K*0 not yet updated


Low q2 Spike Search in B+  Κ+µ+µ-  


LHCb should do the extra work for lowest q2 
Fuyoto, WSH, Kohda, 1412.4397
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YUc & YUt should be reasonable in strength


135 MeV
 285 MeV


Perhaps 100 TeV SPPC Needed


Fuyoto, WSH, Kohda, 1412.4397
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Very Light Z′ Pair Production thru “it’s Higgs” 

* Z′ mass from “exotic” 〈φ〉 = υφ,  light because g′  ≲ 10-3.  
mφ  ~ Weak Scale


~ 0.3 GeV 


* φ has Yukawa coupling to top ! (suppressed by vector-like quark mass) 

φ  Production via gg-fusion
  φ   Z′ Z′   [µµ] [µµ] 

“Sideband” Study
 ONE Double µµ ∼ 0.2-0.3 GeV evt …

CMS PAS HIG-13-010:  h  2a  4µ


 To Be Watched 


Fuyoto, WSH, Kohda, 1412.4397
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 Light “g-2” Z’ decay is prompt,  
 even when highly boosted. 


Z’ → νν 100%
 Z’ → µµ, νν  50:50



