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Probing New Physics                        
at the                                         

Precision Frontier 
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• The quest for new physics: energy and precision frontiers 

• Two “worked examples” (highlighting impact and challenges) 

• EDMs 

• Rare decays of charged leptons (LFV)
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Outline
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Problem with overview talks

Cover too much Leave out people’s work

I will do both…

Figure by Robert Bernstein (FNAL)



The quest for new 
physics: energy and 
precision frontiers



• The SM is remarkably successful,  but can’t be the whole story           
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Beyond the Standard Model: why?

Phenomenology-driven 
arguments • What is the nature of dark matter?

• What is the origin of the baryon  
asymmetry in the universe? 

• New dynamics associated with 
Sakharov conditions: B (L) violation, 
CP violation,  non-equilibrium

• How do neutrinos acquire mass?

• What is dark energy?Dark Matter 
(gravitational lensing)

Hot gas 
(X rays) 



• The SM is remarkably successful,  but can’t be the whole story           
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• What stabilizes GFermi/GNewton 
against large radiative corrections?

• Do the gauge forces unify at high E?
What about gravity?

• What is the origin of fermion 
generations and pattern of masses 
& mixings? 

• … R. Sundrum
ICHEP 12

Theory-driven 
arguments

Beyond the Standard Model: why?



• The SM is remarkably successful,  but can’t be the whole story           
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R. Sundrum
ICHEP 12

Phenomenology-driven 
arguments

Theory-driven 
arguments

Addressing these questions requires new degrees of freedom

Beyond the Standard Model: why?
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The quest for new physics

1/Coupling 

M

vEW

Unexplored

• Where is the new physics? Is it Heavy? Is it Light & weakly coupled? 
Theory guidance leaves both possibilities open ⇒ search broadly
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The quest for new physics

1/Coupling 

M

vEW

Energy Frontier
(direct access to UV d.o.f)

• Two approaches 

• Where is the new physics? Is it Heavy? Is it Light & weakly coupled? 
Theory guidance leaves both possibilities open ⇒ search broadly
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The quest for new physics

• Two approaches 

1/Coupling 

M

vEW

Precision Frontier
(indirect access to UV d.o.f)
(direct access to light d.o.f.)

A’

• Where is the new physics? Is it Heavy? Is it Light & weakly coupled? 
Theory guidance leaves both possibilities open ⇒ search broadly
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The quest for new physics

1/Coupling 

M

vEW

Energy Frontier
(direct access to UV d.o.f)

Precision Frontier
(indirect access to UV d.o.f)
(direct access to light d.o.f.)

• Two approaches,  both needed to reconstruct BSM dynamics:  
structure, symmetries, and parameters of LBSM 

- L and B violation 
- CP violation  (w/o flavor)
- Flavor violation: quarks,  leptons
- Heavy mediators: precision tests
- Neutrino properties 
- Dark sectors
- …

- EWSB mechanism
- Direct access to heavy particles 
- ... 

• Where is the new physics? Is it Heavy? Is it Light & weakly coupled? 
Theory guidance leaves both possibilities open ⇒ search broadly
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News from the energy frontier

• Higgs couplings to heavy 
particles consistent with SM 
prediction (~10% level)

• Further scrutiny is a major goal 
for Run 2: is this the SM Higgs?  

• Opportunity for precision 
frontier experiments 

• Higgs at 125 GeV: major discovery & new tool to search for new physics
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News from the energy frontier

• Higgs at 125 GeV: major discovery & new tool to search for new physics

• Simplest scenarios of new physics 
pushed to TeV scale and beyond

1/Coupling 

M

vEW
LHC

• But only small fraction (~2%) of total expected LHC + High Luminosity 
LHC data-set has been delivered and analyzed
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1/Coupling 

M

vEW

Precision Frontier
(indirect access to UV d.o.f)
(direct access to light d.o.f.)

A’

• Three classes of new physics probes

3.  Searches / characterization of light and 
weakly coupled particles:   active νs,  
sterile νs,  dark photon,  dark Higgs,  

axion, …

The precision frontier

2.  Precision measurements of SM-allowed 
processes:  β-decays (neutron, nuclei),  

PVES,  muon properties (lifetime, g-2), … 

1.  Searches for rare or forbidden processes that 
probe approximate or exact symmetries of the SM:  

proton decay, 0νββ,  EDMs, μ→e,  n-nbar 
oscillations, quark flavor violation, …
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1/Coupling 

M

vEW

Precision Frontier
(indirect access to UV d.o.f)
(direct access to light d.o.f.)

• Three classes of new physics probes

The precision frontier

2.  Precision measurements of SM-allowed 
processes:  β-decays (neutron, nuclei),  

PVES,  muon properties (lifetime, g-2), … 

1.  Searches for rare or forbidden processes that 
probe approximate or exact symmetries of the SM:  

proton decay, 0νββ,  EDMs, μ→e,  n-nbar 
oscillations, quark flavor violation, …

[ Λ ↔  MBSM ]

Here focus on class 1 (and 2),  affected by tree-level 
and loop exchange of heavy new particles, which 

leave their imprint in an effective Lagrangian
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The precision frontier

• What does the precision frontier contribute to the overall endeavor?  

• Discovery potential 

• new ways to look for cracks in the SM 

• Diagnosing power 

• need several measurements (+ LHC) 

• Connection to big open questions 

• e.g. unique sensitivity to symmetry breaking required           
by Sakharov conditions for baryogenesis (B-L,  CP);  
mechanisms of neutrino mass generation; …

(All of the above requires sufficiently precise theory input)
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Physics reach at a glance

Λ ~ maximal scale probed by a given measurement,  assuming O(1) 
couplings (for all probes) and one-loop factor for g-2, EDMs, LFV, FCNC

A rough 
indication of 

discovery 
potential is 

given by 
reach in Λ 

For any observable O,  δOBSM ~ (v/Λ)n   n=2,4,..
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Physics reach at a glance

Rare / Forbidden processes: 
Searches for B, L, LF, CP violation 

probe extremely high effective scale.
Strongest constraints on symmetry  
structure of TeV scale new physics 

Λ ~ maximal scale probed by a given measurement,  assuming O(1) 
couplings (for all probes) and one-loop factor for g-2, EDMs, LFV, FCNC

A rough 
indication of 

discovery 
potential is 

given by 
reach in Λ 

For any observable O,  δOBSM ~ (v/Λ)n   n=2,4,..
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Physics reach at a glance

Precision measurements:  
Match or exceed LHC existing 

bounds and future reach.       
Can play important role in 

reconstructing TeV dynamics

Λ ~ maximal scale probed by a given measurement,  assuming O(1) 
couplings (for all probes) and one-loop factor for g-2, EDMs, LFV, FCNC

A rough 
indication of 

discovery 
potential is 

given by 
reach in Λ 

For any observable O,  δOBSM ~ (v/Λ)n   n=2,4,..
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Physics reach at a glance

Λ ~ maximal scale probed by a given measurement,  assuming O(1) 
couplings (for all probes) and one-loop factor for g-2, EDMs, LFV, FCNC

A rough 
indication of 

discovery 
potential is 

given by 
reach in Λ 

For any observable O,  δOBSM ~ (v/Λ)n   n=2,4,..

Next focus on EDMs and CLFV, with 
emphasis on probing

• Higgs couplings (complementarity 
with LHC) 

• Sensitivity to super-heavy new 
physics (PeV SUSY, see-saw, …) 

Next focus on EDMs and CLFV, with 
two common themes

• Probing Higgs couplings 
(complementarity with LHC) 

• Sensitivity to super-heavy new 
physics (PeV SUSY, see-saw, …) 



EDMs and T(CP) violation                      
in the LHC era

P and T violation:  

d ∝ J
→ →
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EDMs as probes of new physics
1. Essentially free of SM “background” (CKM) *1

*1 Observation would signal new physics or a tiny QCD  θ-term (< 10-10).                     
Multiple measurements can disentangle the two effects 
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EDMs as probes of new physics

3. Probe key ingredient for bayrogenesis (CPV in SM is insufficient) *2

2. Probe very high-scales  (Λ~10-1000 TeV)*2

*2  If new physics is close to TeV scale (or related to electroweak baryogenesis) expect 
EDMs within reach of next generation searches                   

*1 Observation would signal new physics or a tiny QCD  θ-term (< 10-10).                     
Multiple measurements can disentangle the two effects 

1. Essentially free of SM “background” (CKM) *1
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Connecting EDMs to BSM CPV

Connecting EDMs to new physics is a challenging multi-scale problem:  need 
RG evolution of effective couplings & hadronic / nuclear / atomic / molecular 

calculations of matrix elements 

R
G

 EVO
LU

T
IO

N
(perturbative) 

M
AT

R
IX

 ELEM
EN

T
S

(non-perturbative)
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Connecting EDMs to BSM CPV

Connecting EDMs to new physics is a challenging multi-scale problem:  need 
RG evolution of effective couplings & hadronic / nuclear / atomic / molecular 

calculations of matrix elements 

R
G

 EVO
LU

T
IO

N
(perturbative) 

M
AT

R
IX

 ELEM
EN

T
S

(non-perturbative)
Hadronic matrix element 

uncertainties strongly 
dilute constraining and 
model-discriminating 
power of impressive 

experimental searches

Ongoing progress in 
LQCD 

Bhattacharya, VC, Gupta, 
Lin, Yoon,                            

Phys. Rev. Lett.  115 
(2015) 212002  
[1506.04196]
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Connecting EDMs to BSM CPV

Connecting EDMs to new physics is a challenging multi-scale problem:  need 
RG evolution of effective couplings & hadronic / nuclear / atomic / molecular 

calculations of matrix elements 

R
G

 EVO
LU

T
IO

N
(perturbative) 

M
AT

R
IX

 ELEM
EN

T
S

(non-perturbative)
Hadronic matrix element 

uncertainties strongly 
dilute constraining and 
model-discriminating 
power of impressive 

experimental searches

Ongoing progress in 
LQCD 

Bhattacharya, VC, Gupta, 
Lin, Yoon,                            

Phys. Rev. Lett.  115 
(2015) 212002  
[1506.04196]

Next, describe EDM impact on (i) CP-violating Higgs couplings;              
(ii) high-scale supersymmetry



• EDMs can help pin down non-standard CPV Higgs couplings

• Several dim-6 operators in the “SM-EFT” involve CPV Higgs interactions

• If ΛBSM > TeV,  EFT approach applicable to both EDMs and colliders
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EDMs and CPV Higgs couplings

H-qL-qR-V:  dipole H-qL-qR:  scalarH-H-V-V~
V =  g,  Wa,  B



• Leading (dim-6) CPV operator affects both Higgs decay and EDMs 

• eEDM ⇒ Λ > 100 TeV and hence  Γ(h→γγ)∕Γ(h→γγ)SM −1 ≈ 10-5

McKeen-Pospelov-Ritz  1208.4597    (& many others) +   ACME  new limit

x

• Bound evaded by more elaborate model-building, involving for example                  
(i) contribution to de(Λ) that cancels effect of running;                              
(ii) degenerate scalar sector (EFT not applicable) 

Higgs couplings to photons

= (1/Λ2)



• Leading operator affects both Higgs production and decay and EDMs

θ′ θ′ θ′ 

E.g.: Gluon Fusion at LHC

Y.-T. Chien,VC, W. Dekens, J. de Vries, E. Mereghetti, JHEP 1602 (2016) 011 [1510.00725]

Higgs couplings to gluons



• Leading operator affects both Higgs production and decay and EDMs

Y.-T. Chien,VC, W. Dekens, J. de Vries, E. Mereghetti, JHEP 1602 (2016) 011 [1510.00725]

Higgs couplings to gluons

nEDM via quark chromo-EDM                                             
(→ qEDM and Weinberg)

γ

θ′ 



• Leading operator affects both Higgs production and decay and EDMs

θ′ 

nEDM via quark chromo-EDM                                             
(→ qEDM and Weinberg)

Bounds on            at the scale  Λ = 1TeV

Y.-T. Chien,VC, W. Dekens, J. de Vries, E. Mereghetti, JHEP 1602 (2016) 011 [1510.00725]

Range
Central

θ′ θ′ θ′ 

Higgs couplings to gluons

E.g.: Gluon Fusion at LHC

Treatment of 
theory error 

in EDM 
analysis



• Leading operator affects both Higgs production and decay and EDMs

θ′ 

nEDM via quark chromo-EDM                                             
(→ qEDM and Weinberg)

Bounds on            at the scale  Λ = 1TeV

Y.-T. Chien,VC, W. Dekens, J. de Vries, E. Mereghetti, JHEP 1602 (2016) 011 [1510.00725]

Range
Central

θ′ θ′ θ′ Theory errors strongly dilute impact of EDM searches and implications 
for LHC Run 2 (199Hg bounds disappears & n bound much weaker)

Higgs couplings to gluons

E.g.: Gluon Fusion at LHC

Treatment of 
theory error 

in EDM 
analysis
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Standard Model:

LHC:  Higgs production & decay

t

Y.-T. Chien,V.C, W. Dekens, J. de Vries, E. Mereghetti, 1510.00725 Brod Haisch Zupan 1310.1385

• Non-standard Yukawa couplings of the Higgs

Yukawa couplings to quarks

Top 
quark
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Standard Model:

LHC:  Higgs production & decay

t

Y.-T. Chien,V.C, W. Dekens, J. de Vries, E. Mereghetti, 1510.00725 Brod Haisch Zupan 1310.1385

• Non-standard Yukawa couplings of the Higgs

Low Energy:  induce electron, neutron, mercury EDM

Yukawa couplings to quarks

Top 
quark
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Yukawa couplings to quarks

Standard Model:

• Non-standard Yukawa couplings of the Higgs

Brod Haisch Zupan 1310.1385

Current Future

Top quark
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Standard Model:

• Non-standard Yukawa couplings of the Higgs

Brod Haisch Zupan 1310.1385

Current Future

Yukawa couplings to quarks

Top quark
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Standard Model:

• Non-standard Yukawa couplings of the Higgs

Y.-T. Chien,VC, W. Dekens,      
J. de Vries, E. Mereghetti,

1510.00725

Bounds set by neutron EDM (u,d,c)                                       
electron EDM (t), and LHC (s, b)

Yukawa couplings to quarks

Light quarks
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Higgs-top couplings

• Top quark electroweak dipoles strongly constrained by eEDM         
and qEDMs via two-step mixing 

V = γ,  W

H-tL-tR-V:  EW top dipoles

• Top quark particularly interesting:   
strongest coupling to Higgs;  largest 
deviations from SM in several BSM 
scenarios;   LHC is a top factory

h h

tγ γ e,q e,q

γ

γ
h

V. Cirigliano,  W. Dekens,                 
J. de Vries, E. Mereghetti,   

Phys. Rev.  D94 (2016), 016002 
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Higgs-top couplings

V. Cirigliano,  W. Dekens,                 
J. de Vries, E. Mereghetti,   

Phys. Rev.  D94 (2016), 016002 

Bound on top EDM 
improved by three 
orders of magnitude:    
|dt| < 5 ⨉10-20  e cm 

Dominated by eEDM 

1000x stronger than 
direct LHC sensitivity       
(pp → jet t γ)   

• EDM reach vs flavor and collider probes

Top MDM

Top EDM
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EDMs in high-scale SUSY models

• “Split-SUSY”: retain gauge coupling unification and DM candidate
• Higgs mass at ~125 GeV points to PeV-scale super-partners 

Arkani-Hamed, Dimopoulos 2004,   
Giudice, Romanino 2004,                       

Arkani-Hamed et al 2012,  … 

_

_1 TeV

103 TeV

Gauginos (M1,2,3)
Higgsino (μ)

Squarks, 
sleptons (mf) ~

EDMs among a handful 
of observables capable of 
probing such high scales



Relative importance controlled by Higgsino mass parameter |μ|

Fermion EDMs and chromo-EDMs Only  fermion EDMs

Altmannshofer-Harnik-Zupan 1308.3653

EDMs in split-SUSY (1)

35



Maximal CPV 
phases.

Squark mixings 
fixed at 0.3

For |μ| < 10 TeV,  mq  ~ 1000 TeV,  same CPV phase controls de, dn~

Altmannshofer-Harnik-
Zupan 1308.3653

Current nEDM limit

Distinctive correlations? 

EDMs in split-SUSY (1)
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EDMs in split-SUSY (II)
Both de and dn within reach of current searches for M2, μ <10 TeV 

sin(ϕ2)=1 
tan(β)=1

Current limit from 
ThO (ACME)

Bhattacharya, VC, Gupta, Lin, Yoon                            
Phys. Rev. Lett.  115 (2015) 212002  [1506.04196]



37

EDMs in split-SUSY (II)
Both de and dn within reach of current searches for M2, μ <10 TeV 

sin(ϕ2)=1 
tan(β)=1

Current limit from 
ThO (ACME)

EX
CLU

DED

Bhattacharya, VC, Gupta, Lin, Yoon                            
Phys. Rev. Lett.  115 (2015) 212002  [1506.04196]
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EDMs in split-SUSY (II)
Both de and dn within reach of current searches for M2, μ <10 TeV 

sin(ϕ2)=1 
tan(β)=1

Current limit from 
ThO (ACME)

EX
CLU

DED

Bhattacharya, VC, Gupta, Lin, Yoon                            
Phys. Rev. Lett.  115 (2015) 212002  [1506.04196]

• Can be falsified by current 
nEDM searches

• Example of model diagnosing 
enabled by multiple 
measurements and controlled 
th. uncertainty

• Studying the ratio dn /de with 
precise matrix elements →    
stringent upper bound        
dn < 4 ×10-28 e cm
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EDMs and baryogenesis

• In the (N)MSSM,  CPV phases 
appearing in the gaugino-
higgsino mixing contribute to 
both baryogenesis and EDMs
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EDMs and baryogenesis

• In the (N)MSSM,  CPV phases 
appearing in the gaugino-
higgsino mixing contribute to 
both baryogenesis and EDMs

Compatible with baryon 
asymmetry

Next generation 
neutron EDM

 Li,  Profumo,  Ramsey-Musolf  
0811.1987

• In this model,  successful 
baryogenesis implies a 
“guaranteed signal” for EDMs

• Within reach of planned 
experiments,  with caveat that 
“constant EDM” lines shift due 
to hadronic uncertainties!



Charged LFV                   
in the LHC era
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Charged LFV and BSM physics

νi

γ Petcov ’77,   Marciano-Sanda ’77 ....

• CLFV processes are an extremely clean probe of  “BνSM” physics 

dim-4 Dirac or 
dim5 Majorana

• ν oscillations ⇒ Le,μ,τ  not conserved

• In SM + massive ν,  effective CLFV vertices are tiny (GIM)
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The underlying picture
E

  ml

 ΛGUT

x x γ

 ΛEW

SM particles BSM particles

At some scale between Planck and weak scale,                                                                                    
there exist new LF and possibly LN violating interactions,  involving new particles 

       Each scenario generates a specific pattern of operators,                                              
controlling ν mass (dim5),  LFV processes (dim6),  LNV processes (dim7,9)                                                                         

Z, h
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LFV Higgs couplings

High Energy:                    
LFV Higgs decays 

Low Energy footprints:                                           
Dipole (D),  Scalar 4-fermion (S), Gluon (G) operators 

li

lj
h

li

lj

h

Harnik-Kopp-Zupan ’12 
Blankenburg-Ellis-Isidori 12 
McKeen-Pospelov-Ritz ‘12

Goudelis-Lebedev-Park ’11 
 Davidson-Grenier ’10 

...

li lj

q,l q,l

μ→eγ,  μ→e ,  μ→3e

τ→μγ, τ→μππ,  τ→3μ  τ→μππ,  τ→3μ
μ→e ,  μ→3e μ→e  

 τ→μππ
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• Current limits from μ decays 
BRs (~10-13) imply Yμe ~ 10-5

• And hence BR(h→μe) < 10-8

* Diagonal couplings set to SM value  

Plot from Harnik-Kopp-Zupan 1209.1397

μ→eγ μ→e μ→3e

μ-e sector:  h vs μ decays
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• Current limits from μ decays 
BRs (~10-13) imply Yμe ~ 10-5

• And hence BR(h→μe) < 10-8

* Diagonal couplings set to SM value  

Plot from Harnik-Kopp-Zupan 1209.1397

μ→eγ μ→e μ→3e

• Diagnosing power: Higgs-specific 
combination of D,S,G operators 
implies   

Crivellin-Hoferichter-Procura 1404.7134

VC-Kitano-Okada-Tuzon 2009

BR(μ→e, Au)/BR(μ→eγ) = 0.015(1)

BR(μ→e,Pb)/BR(μ→e,Al)= 0.75(5)

μ-e sector:  h vs μ decays



μ-τsector:  h vs τ decays

• Assuming  SM values for Yu.d,s, 
current tau BRs (~10-(7-8)) imply 
Yτμ,τe < 0.01-0.1,  which 
translates into  BR(h→μτ) < 0.1

• CMS bound BR(h→μτ)< 1.5% 
implies  |Yτμ,τe| <  0.0036 
(stronger than tau decay bound)

Challenge for Belle II 

B(τ→μγ)  <  2.2 ×10-9

B(τ→μπ+π-) <1.5 ×10-11

B(τ→μπ0π0) < 4.5 ×10-12

• If use SM values for Yu.d,s,  
CMS bound implies

τ→μππ τ→μγ 

τ→μππ 

h→τμ

CMS-HIG-14-005

44
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• If use Yu.d,s ~  Yb  (current limit), 
CMS bound implies 

B(τ→μγ) < 2.2 ×10-9

B(τ→μπ+π-) < 3 ×10-8

B(τ→μπ0π0) < 1.5 ×10-8

Within reach of Belle II 

τ→μππ 

τ→μππ τ→μγ 

τ→μππ 

h→τμ

CMS-HIG-14-005

μ-τsector:  h vs τ decays

• Assuming  SM values for Yu.d,s, 
current tau BRs (~10-(7-8)) imply 
Yτμ,τe < 0.01-0.1,  which 
translates into  BR(h→μτ) < 0.1

• CMS bound BR(h→μτ)< 1.5% 
implies  |Yτμ,τe| <  0.0036 
(stronger than tau decay bound)
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A. Celis, VC, 
E. Passemar, 
1309.3564 

ρ0(770) peak

f0(980) peak

Scalar, Gluon
Dipole

B(τ→μπ+π-) / B(τ→μγ) =0.7(1)× 10-2

• Special role of  τ→μππ:  
controlled by Higgs-
specific combination of D, 
S, G → unique signature 
in ππ spectrum and BRs 

μ-τsector:  h vs τ decays

• Plot assumes SM values 
for Yu.d,s , but strength of 
the f0(980) peak depends 
on light quark Yukawas 

A. Celis, VC, E. Passemar, 1309.3564 
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Type I:
Fermion singlet

Type II:
Scalar triplet

Type III:
Fermion triplet

• Observable CLFV if see-saw scale low 

• Each model leads to specific CLFV pattern

CLFV and origin of ν mass: see-saws
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• CLFV in Type I seesaw:  loop-induced
Alonso-Dhen-Gavela-Hambye  

1209.2679

• For ~degenerate Ni,  probe mass scale up to few⨉103 TeV

Yij

     Γ∝               2 /MN4
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• CLFV in Type I seesaw:  loop-induced

• For ~degenerate Ni,  ratio of 2 rates with same flavor transition 
depends only on seesaw scale

Alonso-Dhen-Gavela-Hambye  
1209.2679
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• CLFV in Type I seesaw:  loop-induced

• For ~degenerate Ni,  ratio of 2 rates with same flavor transition 
depends only on seesaw scale

• With three rate measurements (2 ratios):  

• determine seesaw scale or

• rule out scenario

Alonso-Dhen-Gavela-Hambye  
1209.2679
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• CLFV in Type II seesaw:  
tree-level 4L operator 
(dipole at loop level) →          
4-lepton processes have 
largest BRs

• CLFV in Type III seesaw:  tree-level LFV couplings of Z  ⇒               

μ →3e and μ →e conversion at tree level, μ →eγ at loop

• Ratios of 2 processes 
with same flavor 
transition are fixed

Abada-Biggio-Bonnet-
Gavela-Hambye ’07, ’08
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• CLFV in Type II seesaw:  
tree-level 4L operator 
(dipole at loop level) →          
4-lepton processes have 
largest BRs

• CLFV in Type III seesaw:  tree-level LFV couplings of Z  ⇒               

μ →3e and μ →e conversion at tree level, μ →eγ at loop

• Ratios of 2 processes 
with same flavor 
transition are fixed

Abada-Biggio-Bonnet-
Gavela-Hambye ’07, ’08

• Lesson: importance of searching for more than one CLFV mode

• Discovery potential: largest BR is model dependent

• Diagnosing power from ratios of BRs
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Concluding comments

• Energy and Precision frontiers are 
exploring uncharted territory

1/Coupling 

M

vEW

• Vibrant precision 
frontier portfolio (PSI 
plays prominent role!) 
probes BSM dynamics 
related to open 
questions about our 
universe 
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Concluding comments

• Current / planned precision experiments provide strong probes of 
new physics near the TeV scale (reach in effective scale Λ >> TeV)

• Should new physics appear at the LHC,  precision probes will provide     
key input on its symmetry structure and model-discriminating power

• Should new physics NOT appear at the LHC,  the precision frontier 
will be for a while the only tool to explore new physics

• Patience and determination needed:  “Imagine if Fitch and Cronin had 
stopped at the 1% level, how much physics would have been missed” 
–  A. Soni                                                                                   



Thank you!

A drawing by              
Bruno Touschek



Backup Slides



• Many decay modes accessible: can test Standard Model BR pattern 

55

Higgs as a probe of new physics 

γγ

gg

h ! ��

h ! `+`�`0
+
`0
�

Access to 
Higgs couplings
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Standard Model:

• Non-standard Yukawa couplings of the Higgs

No theory uncertainty

Y.-T. Chien,VC, W. Dekens,      
J. de Vries, E. Mereghetti,

1510.00725

dn

dHg

LHC 
constraints 

three 
orders of 
magnitude 

weaker  

Yukawa couplings to quarks

Light quarks
With theory uncertainty
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• If new physics simultaneously 
generates several operators at the 
scale Λ~ MBSM,  cancellations are 
possible 

• Need to tune Wilson coefficients at 
the scale Λ (for example de(Λ)  or 
other top couplings) to cancel RG 
effects 

• Possible, but non-trivial model 
building (need to enforce strong 
correlation of effective couplings) 

Higgs-top couplings: discussion
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 h vs τ as a model-diagnosing tool
• What models can accommodate h → τμ consistently with τ→μX ?

Drosner et al 1502.07784



•   YiFB  leave imprint in mν and CLFV effective couplings αD,V,S,...

•   CLFV provides non-trivial tests of structure of  YiFB      
     Cleanest test-ground:  μ→eγ  vs  τ →μγ  (τ →eγ)

Not invertible 
in general

No simple relation 
in general 

YiFB

(mν)ab[YiFB] (αD,S,V)ab[YiFB]

•  Each model has its flavor group (← field content) and sources of 
flavor breaking  YiFB (Yukawa-type,  mass matrices of heavy states, ...) 

Diagnosing power: flavor structure



•   Example:  Type II seesaw model  (scalar triplet)  
     Explicit realization of Minimal Lepton Flavor Violation 

       τ → μγ not observable at 
(super-)B factories 

Rossi ’02,   VC-Grinstein-Isidori-Wise ’05CLFV controlled by 

YΔ ∝ mν



•  A different example:  SU(5) GUT models (with degenerate Ni at Mν)

PMNS  mixing pattern  

CKM  mixing pattern
[~ Barbieri-Hall-Strumia ‘95]

•  Two competing structures: 

•  Cannot be suppressed by lowering Mν (λν):  good news for expts.

VC-Grinstein-Isidori-Wise ’06

•Hierarchical CKM pattern of BRs:  τ → μγ is within reach of Belle-II

BR( μ → eγ) / BR( τ → μγ)  ~  |Vus|6 ~ 10-4


