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Tau 2016 Summary

Tau 2016 in figures

• 66 talks
• 7 posters
• 69 delegates excluding “locals”

I 76 at Tau 2014
I 73 at Tau 2012
I 71 at Tau 2010
I 67 at Tau 2008
I 53 at Tau 2006

[please assume a ±1 systematic error on the figures, due to ambiguities of definitions,
time-constrained rapporteur counting and memory failures, . . . ]
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Tau 2016 Summary

The balance of the topics

• General
I Intro, Summary, Chin. Phys. Journal

• Tau properties, SM/EW
I 3 talks

• Low energy QCD with & without τ
I 11 talks

• (g−2)µ hadronic contribution
I 13 talks

• (g−2)µ experiment
I 2 talks

• Monte Carlo Generators
I 1 talk

• Accelerators
I 2 talks

• Lepton Flavour Violation
I 7 talks

• Heavy Flavour decays to τ
I 3 talks

• High En. SM Physics w. decays to τ
I 5 talks

• High En. New Physics w. decays to τ
I 2 talks

• Neutrino Physics
I 11 talks

• Light New Physics Searches
I 1 talk

• Analysis Tools with τ
I 2 talks
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Tau 2016 Summary Highlights

Personal Highlights

• Five-loop Running of the QCD Coupling Constant (J.H. Kühn)
I analytical calculation, 20 years after the four-loop calculation
I factor 3 reduction of the uncertainty on αs running from mτ to mZ

• Steady progress in neutrino physics, with promising prospects
I data fit favors δCP = −π/2, remarkable precision obtained on θ13
I prospect for measuring δCP and resolving mass hierarchy in near future
I some experimental indication of sterile neutrino

• Improved strategy to determine |Vus | with τ hadronic decays (K. Maltman)
I theory error competitive and of different nature than for kaon determinations,
I τ -inclusive |Vus | now agrees with unitarity and kaons

• Global fit on Belle tau decays to fit Michel parameters (in progress) (D. Epifanov)
I expect 10× more precise than WA now: 1−4% → 0.1−0.4%
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Tau 2016 Summary J.H. Kühn, Five-loop Running of the QCD Coupling Constant

Five-loop Running of the QCD Coupling Constant (J.H. Kühn)
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Tau 2016 Summary J.H. Kühn, Five-loop Running of the QCD Coupling Constant

Five-loop Running of the QCD Coupling Constant (J.H. Kühn)
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SUMMARY

• QCD corrections for

Higgs decay to ff , Higgs decay to gluons, τ decay to ν + had,

R = σtot(e
+e−→hadrons)

σ(e+e−→µ+µ−)
, Z decay to ff . All are available to O(αs

4)

corresponding to 4 loops

• matched by QCD β-function in 5-loops

• excellent agreement between theory and experiment

• theory prediction is significantly ahead of experiment

arXiv:1606.08659[hep-ph], 28 June 2016
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Tau 2016 Summary Neutrino mixing parameters experimental determination

Neutrino mixing parameters experimental determination (J. Link)

LSND and
MiniBooNE

Reactors,
T2K and
Gallium

• remarkable consistency
between atmosferic, reactor
and solar mixing parameters

• tension in data hinting at
sterile neutrino: absence of νµ
disappearance conflicts with
LSND and MiniBooNE signals
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Tau 2016 Summary Improved strategy to determine |Vus | with τ hadronic decays

Improved strategy to determine
∣∣Vus

∣∣ with τ hadronic decays (K. Maltman)

AN ALTERNATE FB FESR IMPLEMENTATION

• Theory side

◦ No D > 4 assumptions: effective condensates CD>4

from fits to data (N.B. requires variable s0)

◦ 3-loop-truncated FOPT D = 2, standard D = 2+4

error estimates [as per comparison to lattice]

◦ C2N+2, |Vus| from wN(y) = 1− y
N−1 + yN

N−1 FESR

◦ |Vus| from different wN as self-consistency check

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 8 / 64



Tau 2016 Summary Improved strategy to determine |Vus | with τ hadronic decays

Improved strategy to determine
∣∣Vus

∣∣ with τ hadronic decays (K. Maltman)

HFAG and PDG tau b.f. averages and |Vus | determination from tau data Determination of |Vus | from Tau Decays

|Vus | results

|
us

|V
0.22 0.225

, Maltman, Mainz 2016 (MILC 14)l3K
 0.0008±0.2231 

, Maltman, Mainz 2016 (FLAG 15)l2K
 0.0010±0.2250 

CKM unitarity, PDG 2015
 0.0010±0.2255 

 s incl., Maltman, Mainz 2016→ τ
 0.0005± 0.0023 ±0.2228 

 s incl., HFAG 2016→ τ
 0.0021±0.2186 

, HFAG 2016νπ → τ / ν K→ τ
 0.0018±0.2231 

, HFAG 2016ν K→ τ
 0.0016±0.2223 

 average, HFAG 2016τ
 0.0014±0.2212 

• Maltman, Mainz 2016 uses
I HFAG 2014 fit data
I available spectral functions
I Adametz thesis on

B(τ → Knπ
0
ν)

I Moulson CKM 2014 for
kaon experimental inputs

I lattice QCD Nf =2+1+1
form factors

Kl3: FNAL-MILC 2014
Kµ2: FLAG 2015

• CKM unitarity uses |Vud |

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 24 / 25
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Tau 2016 Summary Tau Michel parameters in Belle

Tau Michel parameters in Belle (D. Epifanov)

Introduction: Michel parameters
In the SM charged weak interaction is described by the exchange of W ± with a pure
vector coupling to only left-handed fermions (”V-A” Lorentz structure). Deviations from
”V-A” indicate New Physics. τ− → ℓ−ν̄ℓντ (ℓ = e, µ) decays provide clean laboratory
to probe electroweak couplings.
The most general, Lorentz invariant four-lepton interaction matrix element:

M =
4G√

2
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ūm(ντ )ΓNuj (τ
−)

–

,

ΓS = 1, ΓV = γµ, ΓT =
i

2
√

2
(γµγν − γνγµ)

Ten couplings gN
ij , in the SM the only non-zero constant is gV

LL = 1

Four bilinear combinations of gN
ij , which are called as Michel parameters (MP): ρ, η, ξ

and δ appear in the energy spectrum of the outgoing lepton:
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In the SM: ρ = 3
4 , η = 0, ξ = 1, δ = 3

4
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Tau 2016 Summary Tau Michel parameters in Belle

Tau Michel parameters in Belle (D. Epifanov)

Method, study of (ℓνν; ρν) and (ρν; ρν) events
Effect of τ spin-spin correlation is used to measure ξ and δ MP.
Events of (τ∓ → ℓ∓νν; τ± → ρ±ν) topology are used to measure: ρ, η, ξρξ and ξρξδ,
while (τ∓ → ρ∓ν; τ± → ρ±ν) events are used to extract ξ2

ρ.

Φ
Φ1

2
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ψ

χα τ−
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F(~z)d~z, ~Θ = (1, ρ, η, ξρξℓ, ξρξℓδℓ)

MP are extracted in the unbinned maximum likelihood fit of (ℓνν; ρν) events in the 9D

phase space ~z = (pℓ, cos θℓ, φℓ, pρ, cos θρ, φρ, m2
ππ , cos θ̃π, φ̃π) in CMS.
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Tau 2016 Summary Tau properties and SM/EW tests with tau leptons

Tau properties and SM/EW tests with tau leptons

• little activity
• Tau Branching Fraction Fit

I HFAG fit minor fixes, improvements
I ported to PDG 2016, except some particular features scheduled for 2017

• Michel Parameters
I analysis with global fit on-going in Belle (D.Epifanov) – see highlights
I preliminary results on tau radiative leptonic decays (N. Shimizu)

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 12 / 64



Tau 2016 Summary Tau properties and SM/EW tests with tau leptons

A.Lusiani, HFAG - PDG Tau Branching Fraction fit

HFAG and PDG tau b.f. averages and |Vus | determination from tau data Tau Branching Fractions Fits

HFAG 2016 basis modes (preliminary)

B (τ → . . .) HFAG 2016 prelim.

µ
−
ν̄µντ 17.3917± 0.0396

e−ν̄eντ 17.8162± 0.0410
π
−
ντ 10.8103± 0.0526

K−
ντ 0.6960± 0.0096

π
−
π

0
ντ 25.5023± 0.0918

K−
π

0
ντ 0.4327± 0.0149

π
−2π0

ντ (ex. K0) 9.2424± 0.0997
K−2π0

ντ (ex. K0) 0.0640± 0.0220
π
−3π0

ντ (ex. K0) 1.0287± 0.0749
K−3π0

ντ (ex. K0
, η) 0.0428± 0.0216

h−4π0
ντ (ex. K0

, η) 0.1099± 0.0391
π
−K̄0

ντ 0.8386± 0.0141
K−K0

ντ 0.1479± 0.0053
π
−K̄0

π
0
ντ 0.3812± 0.0129

K−
π

0K0
ντ 0.1502± 0.0071

π
−K̄0

π
0
π

0
ντ (ex. K0) 0.0234± 0.0231

π
−K0

S K
0
S ντ 0.0233± 0.0007

π
−K0

S K
0
L ντ 0.1047± 0.0247

π
−
π

0K0
S K

0
S ντ 0.0018± 0.0002

π
−
π

0K0
S K

0
L ντ 0.0318± 0.0119

K̄0h−h−h+
ντ 0.0222± 0.0202

π
−
π
−
π

+
ντ (ex. K0

, ω) 8.9704± 0.0515
π
−
π
−
π

+
π

0
ντ (ex. K0

, ω) 2.7694± 0.0711
h−h−h+2π0

ντ (ex. K0
, ω, η) 0.0976± 0.0355

B (τ → . . .) HFAG 2016 prelim.

π
−K−K+

ντ 0.1434± 0.0027
π
−K−K+

π
0
ντ 0.0061± 0.0018

π
−
π

0
ηντ 0.1386± 0.0072

K−
ηντ 0.0155± 0.0008

K−
π

0
ηντ 0.0048± 0.0012

π
−K̄0

ηντ 0.0094± 0.0015
π
−
π

+
π
−
ηντ (ex. K0) 0.0218± 0.0013

K−
ωντ 0.0410± 0.0092

h−π0
ωντ 0.4058± 0.0419

K−
φντ 0.0044± 0.0016

π
−
ωντ 1.9544± 0.0647

K−
π
−
π

+
ντ (ex. K0

, ω) 0.2923± 0.0067
K−

π
−
π

+
π

0
ντ (ex. K0

, ω, η) 0.0410± 0.0143
a−1 (→ π

−
γ)ντ 0.0400± 0.0200

π
−2π0

ωντ (ex. K0) 0.0071± 0.0016
2π−

π
+3π0

ντ (ex. K0
, η, ω, f1) 0.0013± 0.0027

3π−2π+
ντ (ex. K0

, ω, f1) 0.0768± 0.0030
K−2π−2π+

ντ (ex. K0) 0.0001± 0.0001
2π−

π
+
ωντ (ex. K0) 0.0084± 0.0006

3π−2π+
π

0
ντ (ex. K0

, η, ω, f1) 0.0038± 0.0009
K−2π−2π+

π
0
ντ (ex. K0) 0.0001± 0.0001

π
−f1ντ (f1 → 2π−2π+) 0.0052± 0.0004
π
−2π0

ηντ 0.0193± 0.0038
1− ΓAll 0.0355± 0.1031

note: a linear combination sums up to 1
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Tau 2016 Summary Tau properties and SM/EW tests with tau leptons

A.Lusiani, HFAG - PDG Tau Branching Fraction fit

HFAG and PDG tau b.f. averages and |Vus | determination from tau data Lepton Universality

Lepton universality - HFAG 2016 prelim. (2)

Canonical tau lepton universality test plot

 (fs)ττ
289 289.5 290 290.5 291 291.5 292

 lτ
B

0.177

0.1772

0.1774

0.1776

0.1778

0.178

0.1782

0.1784

0.1786

0.1788

0.179

σ SM lepton universality, 1←

• y axis leptonic BR is proper average of Be and Bµ

Universality test precision
now limited by leptonic BRs

quantity prec. contrib.

ττ 0.18% 0.090%
Bτ→µ,e 0.23% 0.115%

mτ 0.009% 0.022%

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 17 / 25Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 14 / 64
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N. Shimizu, Tau Michel parameters with radiative leptonic decays in BelleResult 
Due to the poor sensitivity of 𝜏 → 𝑒𝜈𝜈 𝛾 events, 𝜂  is 

extracted from only 𝜏 → 𝜇𝜈𝜈 𝛾 events 

 𝜉𝜅 𝑒 is fitted by fixing 𝜂 = 𝜂 SM = 0. 

𝜂 𝜇 and 𝜉𝜅 𝜇 are fitted simultaneously 

 

 

 

 

 

 

 

Correlation between 𝜂 𝜇 and 𝜉𝜅 𝜇 is small (~7%) 

 
16 

The first error is statistical and the 
second is systematic.  𝟏𝝈 to 𝟑𝝈 statistical 

deviations from 
inner to outer side 

Fit contour for 𝜏 → 𝜇𝜈𝜈 𝛾  

𝜼  

𝝃𝜿 

(−𝟐. 𝟎, 𝟎. 𝟖) 

SM 

𝜉𝜅 are naively combined: 

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 15 / 64



Tau 2016 Summary Low energy QCD with & without τ

Low energy QCD with & without τ

• QCD coupling constant
I Five-Loop Running of the QCD coupling constant (J.H. Kühn)
I Perturbative series in τ → hadrons and scheme variations of the coupling (D. Boito)
I different views on treatment of duality violations . . .

QCD Coupling from ALEPH τ Decay Data (A. Rodriguez Sanchez)
The status of the strong coupling from τ decays in 2016 (M. Golterman)

• |Vus | from hadronic tau decays
I Inclusive hadronic tau decay determination(s) of |Vus | (K. Maltman)
I Lattice calculation of |Vus | from inclusive strange tau decay (Hiroshi Ohki)

• Misc
I Predictions on the second-class current decays τ → πη′ (Sergi Gonzàlez-Solís)
I An overview of τ → (ππ,Kπ,Kη′)ντ decays (Sergi Gonzàlez-Solís)
I Meson-photon transition form factors and muon g−2 (Fu-Guang Cao)
I Strong isospin breaking at production of light scalars (Nikolay Achasov)
I Two photon program at BESIII (Christoph Florian Redmer)

Alberto Lusiani, SNS & INFN Pisa – Tau 2016, 19-23 September 2016, IHEP, Beijing 16 / 64



Tau 2016 Summary Low energy QCD with & without τ

Change scheme to improve fixed order convergence (D. Boito)

Diogo BoitoTau2016 - Beijing

Scheme variations 5

In the large-     limit its convenient to redefine the coupling as�0
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Beneke '99

We propose the following generalisation to the QCD coupling (C-scheme)
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2
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1� �2
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âQ
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free parameter

In this new scheme the beta function takes the simple form:

only scheme independent coefficients appear
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Tau 2016 Summary Low energy QCD with & without τ

QCD Coupling from ALEPH τ Decay Data (A. Rodriguez Sanchez)

Conclusions
Purely perturbative contributions dominate uncertainties of AωV/A(s0 ∼ m2

τ )

Different strategies to extract αs (m2
τ ) from the ALEPH spectral function have been studied

Method αs (m2
τ )

CIPT FOPT Average
ALEPH moments 0.339 + 0.019

− 0.017 0.319 + 0.017
− 0.015 0.329 + 0.020

− 0.018
Modified ALEPH moments 0.338 + 0.014

− 0.012 0.319 + 0.013
− 0.010 0.329 + 0.016

− 0.014
A(2,m) moments 0.336 + 0.018

− 0.016 0.317 + 0.015
− 0.013 0.326 + 0.018

− 0.016
s0 dependence 0.335± 0.014 0.323± 0.012 0.329± 0.013

Borel transform 0.328 + 0.014
− 0.013 0.318 + 0.015

− 0.012 0.323 + 0.015
− 0.013

αs (m2
τ )CIPT = 0.335± 0.013

αs (m2
τ )FOPT = 0.320± 0.012

αs (m2
τ ) = 0.328± 0.013

α
(nf =5)
s (M2

Z ) = 0.1197± 0.0015

An improved understanding of higher-order perturbative corrections and more precise data would
be needed to improve this αs (m2

τ ) determination

Antonio Rodŕıguez Sánchez (IFIC) QCD Coupling from ALEPH tau Decay Data 17 / 17
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Tau 2016 Summary Low energy QCD with & without τ

The status of the strong coupling from tau decays in 2016 τ Decay Data (M. Golterman)

Controversy:	

•  Pich,	Rodríguez-Sánchez	(PRD94	(2016)	034027):	
						Davier	et	al.	(EPJC74	(2014)	2803):	
	
	
•  Boito	et	al.	(PRD91	(2015)	034003):	

•  What	explains	the	difference?				This	talk:				
						Flaws	in	P&R	(and	Davier	et	al.)	analysis	

•  Technical	note:			these	are	averages	between	CIPT	and	FOPT	values.	
						In	this	talk	we	will	not	consider	such	averages,	because	averaging		
						is	not	jus@fied.				Not	related	to	controversy.				

↵s(m
2
⌧ ) = 0.328(12)

↵s(m
2
⌧ ) = 0.332(12)

↵s(m
2
⌧ ) = 0.301(10)

1	
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Tau 2016 Summary Low energy QCD with & without τ

The status of the strong coupling from tau decays in 2016 τ Decay Data (M. Golterman)

Our	solu@on			(three	papers	and	various	conference	proceedings)	

•  Use	moments	that	probe	OPE	only	to	order							.		

•  Compelled	to	allow	for	duality	viola@ons	(resonance	effects	clearly	seen!).	
						Need	to	look	at	V	and	A	channels	separately	(different	resonances!).	
	
•  Our	results:																																										P&R:	

•  Even	if	you	do	not	accept	our	model	for	duality	viola@ons,	this	implies		
						an	addi@onal														(8%)	spread	in	the	value	of																	.	
						Larger	effect	than	the	difference	between	FOPT	and	CIPT.	
						⇒	P&R	analysis	not	compe@@ve.	

C8

↵s(m
2
⌧ ) = 0.319(12) (FOPT)

= 0.335(13) (CIPT)

↵s(m
2
⌧ ) = 0.296(10) (FOPT)

= 0.310(14) (CIPT)

0.024 ↵s(m
2
⌧ )

15	
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Tau 2016 Summary Low energy QCD with & without τ

Lattice calculation of
∣∣Vus

∣∣ from strange τ decay (Hiroshi Ohki)

• Using a different type of the weight function w(s) which has residues                 

and taking S0 -> ∞, 

LHS … Experimental data and pQCD 
RHS … Lattice HPVs Π(Q) at Euclidean momentum region

Our strategy

Lattice determination of |Vus| with inclusive hadronic τ decay experiment†

T. Izubuchi,∗1 ∗2 H. Ohki,∗2

The Kobayashi-Maskawa matrix element |Vus| is an
important parameter for flavor physics, which is rele-
vant to the search for new physics beyond the standard
model in particle physics. So far |Vus| has been most
precisely determined by kaon decay experiments. As
an alternative way, from the τ decay, one can also de-
termine |Vus| independently. A conventional method
is to use the so-called finite energy sum rule with poly-
nomial weight function ω(s) and the spectral function

ρ
(J)
V/A with the spin J = 0, 1 as

∫ s0

0

ω(s)ρ(s)ds = − 1

2πi

∮

|s|=s0

ω(s)Π(s)ds, (1)

where Π(s) is a hadronic vacuum polarization(HVP)
function. Here, ρ(s) on the left hand side is related
to the differential decay of the τ decay by hadronic V
and A currents with u, s flavors as

dRus;V/A

ds
=

12π2|Vus|2SEW

m2
τ

(1 − yτ )2 (2)

×
[
(1 + 2yτρ

(0+1)
us;V/A − 2yτρ0

us;V/A)
]
,

where yτ = s/m2
τ , SEW is a known short-distance elec-

troweak correction. The HVP function Π(s) on the
right hand side in Eq.(1) is analytically calculated by
using OPE based on perturbative QCD (pQCD). Thus,
the momentum s0 should be taken large enough to use
a perturbative OPE result. By combining both the
inclusive τ decay experiments and pQCD, one can ob-
tain |Vus|. Recent analyses suggest that there is 3 σ
discrepancy between two results from the method that
uses the inclusive τ decay and the CKM unitarity con-
straint. While there might be a possibility that such a
discrepancy could be explained by new physics effect,
we should note that the OPE yields a potential prob-
lematic uncertainty in the |Vus| determination from the
inclusive hadronic τ decay using the finite energy sum
rule a). Thus it is important to reduce the uncertainty
of the QCD part, so that we aim to resolve the so-called
|Vus| puzzule.

In this report, in order for that purpose, we would
like to propose an alternative method to determine
|Vus|, in which we use non-perturbative lattice QCD
results for Π(s) in addition to pQCD. Combing two in-
puts, we would expect that more reliable result could
be obtained. In order to use lattice QCD inputs, we

† All the results shown here are preliminary.
∗1 Physics Department, Brookhaven National Laboratory, Up-

ton, NY 11973, USA
∗2 RIKEN Nishina Center
a) For a recent study of the inclusive τ decay using the finite

energy sum rule, see1).
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Fig. 1. Q2
1 dependence of the ratio of the pQCD to the kaon

pole contribution. For pQCD result, the D = 0 OPE

(Nf = 3) and a conventional value of |Vus| are used.

adopt a different weight function ω(s) which has poles
in the Euclidean momentum region. As an illustra-
tive example, we take a following weight function as
ω(s) = 1

(s+Q2
1)(s+Q2

2)···(s+Q2
N

)
, where −Q2

k < 0 (for

k = 1, ..., N), and N ≥ 3. Taking s0 → ∞ in Eq.(1),
we obtain

∫ ∞

0

ρ(s)ω(s)ds =

N∑

k

Res
(
Π(−Q2

k)ω(−Q2
k)

)
. (3)

The lattice result is used for residues on the right hand
side. The left hand side can be evaluated up to s = m2

τ

from the experimental data, and we use a pQCD re-
sult for s > m2

τ . There is an advantage in this method.
Since above weight function ω(s) is highly suppressed
in high momentum region, so the uncertainty coming
from pQCD can be reduced. In fact, Fig. 1 shows the
weight function dependence of the ratio of the OPE
contribution of the spectrum integral in Eq.(3) to the
one from the dominant kaon pole contribution. As
shown in Fig. 1, the OPE contribution can be sup-
pressed by adding poles in the weight function.

As a preliminary study, we calculate |Vus| deter-

mined from ρ
(0)
A . As for the lattice calculation of ρ

(0)
A ,

we use L = 48 lattice result near the physical quark
massb). Using a weight function with three poles of
(Q2

1, Q
2
2, Q

2
3) = (0.1, 0.2, 0.3), we obtain 0.3% statisti-

cal relative error, which is competitive with previous
results. As a future work, we need to estimate sys-
tematic uncertainties such as lattice discretization, un-
physical mass, and contributions from other channels,
in particular pQCD effects.

References
1) P. A. Boyle et al. Int. J. Mod. Phys. Conf. Ser.

35, 1460441 (2014) doi:10.1142/S2010194514604414
[arXiv:1312.1716 [hep-ph]].

b) We thank RBC-UKQCD collaboration and Kim Maltman
for providing lattice HVP and experimental data.
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×
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τ , SEW is a known short-distance elec-

troweak correction. The HVP function Π(s) on the
right hand side in Eq.(1) is analytically calculated by
using OPE based on perturbative QCD (pQCD). Thus,
the momentum s0 should be taken large enough to use
a perturbative OPE result. By combining both the
inclusive τ decay experiments and pQCD, one can ob-
tain |Vus|. Recent analyses suggest that there is 3 σ
discrepancy between two results from the method that
uses the inclusive τ decay and the CKM unitarity con-
straint. While there might be a possibility that such a
discrepancy could be explained by new physics effect,
we should note that the OPE yields a potential prob-
lematic uncertainty in the |Vus| determination from the
inclusive hadronic τ decay using the finite energy sum
rule a). Thus it is important to reduce the uncertainty
of the QCD part, so that we aim to resolve the so-called
|Vus| puzzule.

In this report, in order for that purpose, we would
like to propose an alternative method to determine
|Vus|, in which we use non-perturbative lattice QCD
results for Π(s) in addition to pQCD. Combing two in-
puts, we would expect that more reliable result could
be obtained. In order to use lattice QCD inputs, we
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adopt a different weight function ω(s) which has poles
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, where −Q2

k < 0 (for

k = 1, ..., N), and N ≥ 3. Taking s0 → ∞ in Eq.(1),
we obtain
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The lattice result is used for residues on the right hand
side. The left hand side can be evaluated up to s = m2

τ

from the experimental data, and we use a pQCD re-
sult for s > m2

τ . There is an advantage in this method.
Since above weight function ω(s) is highly suppressed
in high momentum region, so the uncertainty coming
from pQCD can be reduced. In fact, Fig. 1 shows the
weight function dependence of the ratio of the OPE
contribution of the spectrum integral in Eq.(3) to the
one from the dominant kaon pole contribution. As
shown in Fig. 1, the OPE contribution can be sup-
pressed by adding poles in the weight function.

As a preliminary study, we calculate |Vus| deter-

mined from ρ
(0)
A . As for the lattice calculation of ρ

(0)
A ,

we use L = 48 lattice result near the physical quark
massb). Using a weight function with three poles of
(Q2
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2
3) = (0.1, 0.2, 0.3), we obtain 0.3% statisti-

cal relative error, which is competitive with previous
results. As a future work, we need to estimate sys-
tematic uncertainties such as lattice discretization, un-
physical mass, and contributions from other channels,
in particular pQCD effects.

References
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Tau 2016 Summary Low energy QCD with & without τ

Lattice calculation of
∣∣Vus

∣∣ from strange τ decay (Hiroshi Ohki)

0.215 0.22 0.225 0.23 0.235 0.24

Kl3 decays, PDG 2013

Kl2 decays, PDG 2013

CKM unitarity, PDG 2013

τ -> s inclusive, HFAG 2014

τ -> Kν / τ -> π ν, HFAG 20

τ -> Kν, HFAG 2014

τ  average, HFAG 2014

N=3,  C=0.5 [GeV2]

N=4,  C=0.2 [GeV2]

N=4,  C=0.5 [GeV2]

Result

Our result 
for all channels
(V1 + V0 + A1 + A0)

All our results (C<1, N=3,4) are consistent with each other and 
CKM unitarity constraint as well.

29

very preliminary

This work
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Tau 2016 Summary (g−2)µ hadronic contribution

(g−2)µ hadronic contribution

• Experimental Measurements
I Pion form factor measurement and ISR at BESIII (Yaqian Wang)
I QCD and R value measurement at BESIII [in progress] (Haiming HU)
I New ISR results on σ(π+π−π0π0) and π+π−η from BaBar (K. Griessinger)
I New ISR results on σ(KSKLπ

0,KSKL2pi0) from BaBar (Wolfgang Gradl)
I Recent e+e− → hadrons results from SND at VEPP-2000 (Mikhail Achasov)
I New e+e− → hadrons results from CMD-3 [in progress] (Simon Eidelman)
I R measurement between 1.8 and 3.7 GeVat KEDR (Simon Eidelman)
I Measurement of the running of αQED and γγ Physics at KLOE (G. Mandaglio)
I New e+e− → hadrons results from Belle (Chengping Shen)

• Theory and determinations of (g−2)µ hadronic contribution
I Review of g−2 theory (Thomas Teubner)
I Review of g-2 predictions with experimental inputs (Michel Davier)

• (g−2)µ hadronic contributions with Lattice
I Lattice calculation for LO hadr. contrib. to (g−2)µ (Bipasha Chakraborty)
I Lattice calculation for light-by-light hadr. contrib. to (g−2)µ (Taku Izubuchi)
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Tau 2016 Summary (g−2)µ hadronic contribution

Pion form factor measurement and ISR at BESIII (Yaqian Wang)

π+π− Cross section comparison

Cross section

σbare
ππ(γFSR)

=
Nππγ ·(1+δππ

FSR)

L·ǫππγ
global·H(s)·δvac

σbare
ππ(γFSR)

=
Nππγ

Nµµγ
· ǫµµγ

global
ǫππγ

global
· 1+δµµ

FSR
1+δππ

FSR
· σbare

µµ

Relative difference: (0.85 ± 1.68)%

√
s′( GeV)

Good agreement!

Yaqian WANG (JGU) Pion Form Factor TAU 2016 20 / 25
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Tau 2016 Summary (g−2)µ hadronic contribution

Pion form factor measurement and ISR at BESIII (Yaqian Wang)

π+π− Cross section comparison

Contribution to aVP,LO
µ

]-10(600 - 900 MeV) [10,LOππ
µa

360 365 370 375 380 385 390 395

BaBar 09

KLOE 12

KLOE 10

KLOE 08

BESIII

 1.9± 2.0 ±376.7 

 0.8± 2.4 ± 1.2 ±366.7 

 2.2± 2.3 ± 0.9 ±365.3 

 2.2± 2.3 ± 0.4 ±368.1 

 3.3± 2.5 ±368.2 

Precision competitive with previous measurements
BESIII measurement well agrees with KLOE
Confirmed deviation between experiment and theory

Yaqian WANG (JGU) Pion Form Factor TAU 2016 21 / 25
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Tau 2016 Summary (g−2)µ hadronic contribution

Pion form factor measurement and ISR at BESIII (Yaqian Wang)

π+π− Cross section comparison

Comparison with BaBar and KLOE

 [GeV]s'
0.6 0.65 0.7 0.75 0.8 0.85 0.9

 / 
B

E
S

III
 fi

t -
 1

2 | π
|F

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

 BESIII fit

 BaBar

 BESIII

 [GeV]s'
0.6 0.65 0.7 0.75 0.8 0.85 0.9

 / 
B

E
S

III
 fi

t -
 1

2 | π
|F

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

 BESIII fit

 KLOE 08

 KLOE 10

 KLOE 12

systematic shift

KLOE 10

BaBar

Agreement

KLOE08&12

Agreement

BaBar

systematic shift

All KLOE

√
s′ (GeV)

√
s′ (GeV)
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Tau 2016 Summary (g−2)µ hadronic contribution

QCD and R value measurement at BESIII (Haiming HU)

Summary 
• The planed data sets for QCD and R scan between 2.0-4.6 GeV 

energies have been collected. 

• Data analysis between 2.2324-3.671 GeV  finished, the analysis for 
data above 3.85 GeV are in progress. 

• The integrated luminosity at all 149 energy points are measured with 
about 1% precision. 

• The LUARLW parameters are being optimized, the uncertainty of εhad 
could be about 2%, but need further check. 

• Preliminary results of R value measurement between 2.2324-3.671 
GeV  are being reviewed in BES Collaboration. 

• It can be expected that R value measured with BESIII data will  
improve the calculations of ∆α(s) and (g-2). 

45 
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Tau 2016 Summary (g−2)µ hadronic contribution

New ISR results on σ(π
+
π
−

π
0
π

0
) and π

+
π
−

η from BaBar (K. Griessinger)

Cross section e+e− → π+π−π0π0

Contribution of π+π−2π0 to gµ − 2

0

5

10

15

20

25

30

35

40

45

50

1 1.5 2 2.5 3 3.5 4 4.5

SND
ADONE γγ2

ACO
DCI-M3N
ND

ADONE MEA

OLYA
BaBar

ECM (GeV)

σ(
e+ e-  →

 π
+ π- 2π

0 ) 
(n

b)

PRELIMINARY

ahadµ =
1

4π3

∫ ∞

m2
π0

√
1− 4m2

e

s

1 +
2m2

e

s

Kµ(s)σ(s)ds

New result starting at lower limit

aµ(0.85 <
√
s < 1.8 GeV) =

(17.9± 0.1stat ± 0.6syst)× 10−10

New result in a wider energy range

aµ(0.85 <
√
s < 3.0 GeV) =

(21.8± 0.1stat ± 0.7syst)× 10−10

K. Griessinger (U Mainz) π+π−π0π0 and π+π−η at BABAR September 2016 16 / 23
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Tau 2016 Summary (g−2)µ hadronic contribution

New ISR results on σ(π
+
π
−

π
0
π

0
) and π

+
π
−

η from BaBar (K. Griessinger)

Cross section e+e− → π+π−π0π0

Contribution of π+π−2π0 to ∆α(M2
Z )
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ADONE γγ2
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BaBar

ECM (GeV)

σ(
e+ e-  →

 π
+ π- 2π

0 ) 
(n

b)

PRELIMINARY

α(q2) =
α

1−∆α(q2)

∆α(q2) =
1

4π2α
P

∫
√

1− 4m2
e

s

1 +
2m2

e

s

σ(0)(s)

1− s
q2

ds

New result in a wider energy range

∆α(0.85 <
√
s < 1.8 GeV) =

(4.44± 0.02stat ± 0.14syst)× 10−4

0.85 GeV ≤ ECM ≤ 3.0 GeV

∆α(0.85 <
√
s < 3.0 GeV) =

(6.58± 0.02stat ± 0.22syst)× 10−4

K. Griessinger (U Mainz) π+π−π0π0 and π+π−η at BABAR September 2016 17 / 23
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Tau 2016 Summary (g−2)µ hadronic contribution

New ISR results on σ(π
+
π
−

π
0
π

0
) and π

+
π
−

η from BaBar (K. Griessinger)

Cross section e+e− → π+π−η

Contribution of π+π−η to gµ − 2

ahadµ =
1

4π3

∫ ∞

m2
π0

√
1− 4m2

e

s

1 +
2m2

e

s

Kµ(s)σ(s)ds

P
R

E
LI

M
IN

A
R

Y
HLMNT 2011 [8]

aµ(
√
s < 1.8 GeV) =

(0.88± 0.10)× 10−10

DHMZ 2011 [5]

aµ(
√
s < 1.8 GeV) =

(1.15± 0.06stat ± 0.08syst)× 10−10

New result

aµ(
√
s < 1.8 GeV) =

(1.19± 0.02stat ± 0.06syst)× 10−10

K. Griessinger (U Mainz) π+π−π0π0 and π+π−η at BABAR September 2016 22 / 23
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Recent e+e− → hadrons results from SND at VEPP-2000 (Mikhail Achasov)

SND data
VEPP-2M

Below φ Arroundφ Above φ

IL, pb-1 9,1 13,2 8,8

√s, GeV 0,36 – 0,97 0,98 – 1,06 1,06 – 1,38

VEPP-2000

Below φ Arround φ Above φ

IL, pb-1 15,4 6,9 47,0

√s, GeV 0,30 – 0,97 0,98 – 1,05 1,05 – 1,38

About 15 hadronic

processes are currently

under analysis.

Here we report the

four results

Precision measurements

e+e- → π0γ (VEPP-2M data)

e+e- → K+K-

First measurements

e+e- → π+ π- π0 η

e+e- → ω π0 η
4
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Tau 2016 Summary (g−2)µ hadronic contribution

New e+e− → hadrons results from CMD-3 (Simon Eidelman)

Summary and nearest perspectives

 VEPP-2000 successfully operated at s = 2mπ -2 GeV  with         
Lmax = 2x1031 cm-2s-1 and collected about 60 pb-1 per detector.

 CMD-3 detector has good enough performance and monitoring of  
different detector subsystems. 

 Cross sections measured have the same or better statistical 
precision with respect to previous CMD-2 experiments.

 CMD-3 results will provide high accuracy, compatible or better 
than ISR measurements, the tentative goals are 0.3% (0.5%) for

+- and ~3% for multibody modes.
 VEPP-2000 upgrade is underway with new positron injection 

facility, which will increase luminosity at least by factor of 10.
 We start analysis of the multihadron processes with Ks in final

states: KSK0*  KSK-+, K*K- +  KSK- +, K*K*- +  KSK- +0 and so on
 Various studies of transition form factors are in progress:

e+e-  0, , 0e+e-, e+e-.
 We plan to get data with integrated luminosity of about 1-2 fb-1 in   

5 – 10 years, which should provide new precise results on multihadron
production. 

 Upgrade of the new positron injection facility completed
 We are expecting soon the new luminosity

28
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R measurement between 1.8 and 3.7 GeVat KEDR (Simon Eidelman)

TAU16, IHEP September 19-23, 2016

R Measurement between 1.84 and 3.05 GeV at KEDR – X

1.8 2 2.2 2.4 2.6 2.8 3

2

3

4

√
s, GeV

R

ADONE-µπ
ADONE-MEA

ADONE-γγ2
MARK I

BES(2000)
BES(2002)
BES(2009)
KEDR Preliminary

pQCD+J/ψ

R = 2.209 ± 0.020 ± 0.046 agrees with RpQCD = 2.18 ± 0.02

based on αs(mτ ) = 0.333 ± 0.013 derived from hadronic τ decays

S.Eidelman, BINP p.17/18
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R measurement between 1.8 and 3.7 GeVat KEDR (Simon Eidelman)

TAU16, IHEP September 19-23, 2016

Summary

• R measured at 7 points between 3.05 and 3.72 GeV to 3.3%

• R measured at 13 points between 1.84 and 3.05 GeV to 3.9%

• Results between 1.8 and 2.0 GeV can be matched to those

from CMD-3/SND (VEPP-2000) that sum exclusive cross sections

• We are discussing whether inclusive measurement is feasible

between 1.5 and 2.0 GeV at CMD-3

• New precise measurement of ΓeeBh(J/ψ) and ΓeeBµµ(J/ψ)

• Data taking: at J/ψ (B(ηcγ)), around ψ(3770) to improve D masses,

then
√
s increase to measure R and γγ → hadrons (4 <

√
s < 5 GeV)

S.Eidelman, BINP p.18/18
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Measurement of the running of αQED and γγ Physics at KLOE (G. Mandaglio)

KLOE measurement of a(s) 
below 1 GeV

•  Measurement of the running of the fine structure constant α in the 

time-like region 0.6<√s <0.975 GeV obtained via :

FSR correction done by by using PHOKHARA MC event generator

● Statistical significance of the hadron contribution to the running a(s) 
is evaluated

● for the first time in a single experiment the real and Imaginary part of 
Da

● Measurement of  BR(w→ m+m-) .

5

MC with a (s) = a (0)

  data
:
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Measurement of the running of αQED and γγ Physics at KLOE (G. Mandaglio)

Meas. of the running of a(s)

12

[1] F. Jegerlehner, alphaQED package [version April 2012] http://www-com.physik.hu-berlin.de/ fjeger/alphaQED.tar .gz; 
     F. Jegerlehner, Nuovo Cim. C 034S1 (2011) 31; Nucl. Phys. Proc. Suppl. 162 (2006) 22.

MC with VP removed

 600  Mmm   980 MeV
“Theoretical prediction" (provided 
by the alphaQED package [1]) 
Da

lep 
computed in QED with 

negligible error; 

Da
had

obtained by a compilation of data in time-like region (with 0.1% accuracy).
Excellent agreement with other R compilation (Teubner / Ignatov)
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New e+e− → hadrons results from Belle (Chengping Shen)

24 

Summary & outlooks 
• Some updated on e+e- to charmonium(like)  

• More measurements on e+e- to bottomonium(like)  

• Obviously there are many puzzles need to be solved with 

more statistics 

• Very exciting time ahead for BelleII from 2018 ! 
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Review of g−2 theory (Thomas Teubner)

HVP:	  HLMNT	  -‐>	  HKMNT	  in	  prepara;on	  

hadrons

Q2

hadrons

s

ISR FSR

a a
e+

e−

e+

e−

•  χ2min/d.o.f.	  =	  1.4	  
	  
•  further	  improvements	  
	  	  	  	  	  	  expected	  from	  CMD-‐3,	  
	  	  	  	  	  	  more	  also	  from	  BaBar?	  
	  
è see	  Simon	  Eidelman’s	  

talk	  on	  CMD-‐3	  
	  
è Yaquian	  Wang’s	  talk	  
	  	  	  	  	  	  on	  BES	  III	  π	  FF	  &	  ISR	  	  

π+π-‐	  channel:	  +	  KLOE12,	  +	  BES	  III	  	  from	  Rad.	  Ret.:	  
	  
Prel.	  HKMNT	  combina;on	  w.	  full	  cov.-‐matrices:	  	  	  

 365  370  375  380  385
aµ

/+/− (0.6 ) 3s ) 0.9 GeV)

/+/− Fit (preliminary)

Direct Scan Only

KLOE (08)

KLOE (10)

KLOE (12)

BaBar (09)

BESIII (15)

PRELIMINARY
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Review of g−2 theory (Thomas Teubner)

HVP:	  HLMNT	  -‐>	  HKMNT	  in	  prepara;on	  
π+π-‐	  channel	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  K+K-‐	  channel	  with	  recent	  BaBar	  	  
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PRELIMINARY −0.3
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Fitted Data − All Sets: aµ

K+K−
 = 22.78 ± 0.23

CMD−2 (08) Scan 1 No Shift
CMD−2 (08) Scan 2 No Shift

SND (00) − PHI9801 No Shift
SND (00) − PHI9802 No Shift

Babar (13)

PRELIMINARY

•  Many	  new	  data	  sets	  and	  an	  improved	  combina;on	  algorithm,	  which	  takes	  fully	  	  
	  	  	  	  	  	  into	  account	  all	  available	  covariance	  matrices,	  give	  significantly	  reduced	  errors	  	  
	  	  	  	  	  	  and	  a	  slightly	  smaller	  mean	  value	  
•  Previously	  sizeable	  addi;onal	  (conserva;ve)	  error	  from	  uncertainty	  in	  treatment	  	  
	  	  	  	  	  	  of	  radia;ve	  correc;ons	  (VP	  +	  FSR),	  mainly	  from	  older	  data	  sets,	  gets	  reduced	  
•  More	  exclusive	  data	  in	  mul;-‐pion	  and	  K	  channels	  reduce	  uncertainty	  from	  	  
	  	  	  	  	  	  es;mate	  based	  on	  Iso-‐spin	  correla;ons	  
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Review of g−2 theory (Thomas Teubner)

Further	  improvements	  for	  aμHVP:	  

1.	  Data	  input:	  
	  
•  Most	  important	  2π:	  
	  	  	  	  	  	  -‐	  	  more	  from	  CMD-‐3	  and	  BaBar	  
	  	  	  	  	  	  -‐	  	  if	  discrepancy	  with	  BaBar	  persists,	  
	  	  	  	  	  	  	  	  	  could	  direct	  scan	  &	  ISR	  be	  done	  in	  
	  	  	  	  	  	  	  	  	  the	  same	  experiment?	  
	  
•  The	  `subleading’	  3pi	  (in	  resonance	  

regions)	  and	  in	  par;cular	  π+π-‐π0π0	  
need	  more	  &	  newer/final	  data	  

	  
•  Inclusive	  measurements	  from	  KEDR	  

and	  BES-‐III	  at	  higher	  energies	  are/will	  
be	  important	  

•  La}ce	  simula;on	  are	  becoming	  more	  
and	  more	  compe;;ve	  

  è	  I	  believe	  we	  can	  half	  the	  HVP	  error	  in	  ;me	  for	  the	  new	  g-‐2	  

2.	  Analysis	  techniques	  
	  
•  Refined	  treatment	  of	  errors	  and	  

correla;ons	  make	  maximum	  use	  of	  
the	  data	  

•  MC	  studies	  for	  impact	  of	  FSR,	  	  
	  	  	  	  	  	  VP	  refinements	  
	  
•  Global	  fits	  based	  on	  Hidden	  Local	  

Symmetry	  (M.	  Benayoun	  et	  al.)	  bring	  
in	  further	  constraints	  and	  lead	  to	  a	  
smaller	  error	  and	  larger	  discrepancy	  	  

	  
•  Analyses	  based	  on	  HLS	  or	  using	  ρ-‐γ	  

mixing	  directly	  see	  no	  discrepancy	  
between	  e+e-‐	  and	  τ	  spectral	  func;on	  
data,	  but	  gain	  from	  including	  τ	  	  
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Review of g-2 predictions with experimental inputs (Michel Davier)

Michel Davier (davier@lal.in2p3.fr, LAL, Orsay) 5 

Our group contribution to LO Hadronic aµ
had 

Tau2016 Beijing Sept. 19-23 

   The dispersive approach follows the availability of trustful experimental data 
   
  Use data on e+e- → hadrons and on τ → ν hadrons (CVC+isospin breaking), more   
     precise then                                                        Alemany-Davier-Hoecker 1997 
  Detailed QCD studies of τ decays (ALEPH) and tests of quark-hadron duality 
    ⇒ substitute pQCD above 1.8 GeV to less precise data  Davier-Hoecker 1998,98 
 
  Update with new data from VEPP-2M   Davier-Eidelman-Hoecker-Zhang 2003,03 

  Detailed study of isospin-breaking effects when using τ spectral functions 

                       Davier-Hoecker-Lopez-Malaescu-Mo-Toledo-Wang-Yuan-Zhang 2010 

 Improvement of statistical and systematic tools (HVPTools) and update with     

    new BABAR π+π− data                      Davier-Hoecker-Malaescu-Yuan-Zhang 2010 

  Global update                                            Davier-Hoecker-Malaescu-Zhang 2011 

 

  New update today, taking advantage of more complete data from BABAR, KLOE, 

     BESIII, CMD3 and SND at VEPP-2000, KEDR 
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Review of g-2 predictions with experimental inputs (Michel Davier)

use QCD 

Input e+e- Data in Combination with pQCD 

• [π0γ-1.8GeV] 
  - sum about 2237 exclusive 
     channels  
  - estimate unmeasured channels  
     using isospin relations 

• [1.8-3.7] GeV 
   - good agreement between  
      data and pQCD calculation; 
      previous extensive QCD tests 
      with τ data 
       → use 4-loop pQCD 
   - J/ψ, ψ(2s): Breit-Wigner  
      integrals 

• [3.7-5] GeV 
   charm particle thresholds 

     → use data 

• >5GeV 
   use 4-loop pQCD calculation 

Tau2016 Beijing Sept. 19-23 6 

Davier-Hoecker-Zhang, RMP 78 (2006) 1043 
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Review of g-2 predictions with experimental inputs (Michel Davier)

Michel Davier (davier@lal.in2p3.fr, LAL, Orsay) 23 

aµ Tau 2016 preliminary 

Tau2016 Beijing Sept. 19-23 

aµ
had LO 

 
DEHZ 2003          696.3 ± 6.2exp ± 3.6rad    (7.1tot) 
 

DHMZ 2011    692.3 ± 1.4stat ± 3.1syst ± 2.4corrsyst ± 0.2ψ ± 0.3QCD   (4.2tot) 
 
DHMZ 2016   692.8 ± 1.2stat ± 2.6syst ± 1.6corrsyst ± 0.1ψ ± 0.3QCD   (3.3tot) 
              aµ 

         QED            11658471.885  +- 0.004 
          EW                        15.4      +- 0.1 
          had LBL                 10.5      +- 2.6 
          had LO                692.8      +- 3.3 
          had NLO                -9.87    +- 0.09  
          had NNLO               1.24    +- 0.01 
 
        prediction      11659181.9     +- 4.2 
        exp BNL        11659208.9     +- 6.3 
 
              deviation             27.0    +- 7.6          3.6σ  
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Review of g-2 predictions with experimental inputs (Michel Davier)

Michel Davier (davier@lal.in2p3.fr, LAL, Orsay) 25 

R(s)  2016  

Tau2016 Beijing Sept. 19-23 

preliminary 
preliminary 
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(g−2)µ experiment

• The muon g-2 experiment at Fermilab (James Mott)
• The muon g-2 experiment at J-PARC (Yutaro Sato)
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The muon g-2 experiment at Fermilab (James Mott)

Take-home messages 

•  The Muon g-2 experiment will reduce error by a factor of 4 
compared to the previous Muon g-2 (BNL E821) 

•  The storage ring magnet has been operational for a year 
and our rough shimming targets have been achieved 

•  Beamline commissioning begins in April 2017, with real 
data collection starting Autumn 2017 

•  We anticipate a result with the same precision as E821 by 
mid-2018 

•  We expect to report three results with 100%, 50% and 25% 
of the E821 uncertainty 

34 James Mott        Tau2016, Beijing       20th September 2016 
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The muon g-2 experiment at J-PARC (Yutaro Sato)

Summary

• J-PARC E34 experiment measures muon g-2 and EDM by completely different 
approach.

• A lot of interesting techniques are being developed.

– No focusing E-field to storage muon beam

• Efficient Mu production

• Muon re-acceleration

 Low emittance muon beam

– 3D-spiral injection scheme

– Compact storage ring

• Good uniformity of B-field.

• Almost full-coverage by tracking detector.

• TDR was submitted.

– g-2 :  0.37 ppm ( 0.1 ppm)

– EDM : 1.3×10-21 e・cm

• High priority in KEK Project Implementation plan.

• Moving to construction stage.

27
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Monte Carlo Generators & Accelerators

• Tau lepton production and decays: perspective of multi-dimensional distributions and
Monte Carlo methods (Zbigniew Was)

• Precise beam energy measurement in collider experiments (Jianyong Zhang)
• High-luminosity e+e- collider at low energy (Anton Bogomyagkov)
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Tau lepton production and decays: perspective of multi-dimensional distributions and Monte Carlo methods (Zbigniew Was)

Toward techniques using weighted events, template fitting. 15

Figure 2: Flow chart for communication when already stored events are modified with the weights.

Useful at LHC and at low energy applications as well.

Z. Was Beijing, September, 2016
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Precise beam energy measurement in collider experiments (Jianyong Zhang)

  

Conclution.
The RD and CBS methods is precise and effective 

tools for collider energy beam measuring and 
monitoring.

The CBS method can be applied for the electron 
beam energy upto 2 GeV.

The relative accuracy of the CBS method is  
E/E10-4 – 10-5.

The FIR laser can be used for CBS method for the 
beams with energy 2 – 8 GeV. Special studies are 

necessary.
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High-luminosity e+e- collider at low energy (Anton Bogomyagkov)

Upgrade BEPCII

BEPC-II 0 1 2 3 4
Energy, GeV 1.89 1.89 1.89 1.89 1.89
Circumference, m 237.53 237.53 237.53 237.53 237.53
εx/εy , nm 144/2.2 30/0.45 30/0.2 30/0.2 30/0.2
β∗x/β

∗
y , mm 1000/15 100/5 100/5 100/4 100/4

Crossing angle,
mrad 22 22 22 30 30
σz , mm 15 16 16 16 16
Piwinski angle ϕ 0.4 3.3 3.3 4.5 4.5
Beam current, A 0.9 0.9 0.9 0.9 1.3
Beam beam
tune shift ξy 0.04 0.1 0.15 0.1 0.15
Luminosity,
×1032cm−2s−1 8 67 98 83 170

A. Bogomyagkov (BINP) Possibilities of crab waist 16 / 19
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Heavy Flavour decays to τ

• Measurement of B → D(∗)τν at Belle (Shigeki Hirose)
• Tests of lepton universality at LHCb (Kristof De Bruyn)
• Solutions to the R(D) and R(D*) anomalies and their phenomenological implications
(Xinqiang Li)
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Measurement of B → D(∗)
τν at Belle (Shigeki Hirose)

 Comparison with SM and Prev. Results

• By combining 𝑅 𝐷∗ and 𝑃𝜏, our result is consistent with the 
SM within 0.6σ

Preliminary Experimental average without the new result

Best fit

1σ

2σ

SM

Constraint on 𝑃𝜏 is 
given for the first time!

Had. tag, 𝜏− → ℎ−𝜈𝜏

The 14th International Workshop on Tau Lepton Physics

19/22
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Measurement of B → D(∗)
τν at Belle (Shigeki Hirose)

 𝑅 𝐷(∗) World Average

 SM
Belle

BaBar
WA

LHCb

• Combination of 𝑅 𝐷(∗) results

– Uncertainties arising from semileptonic background are assumed to 
have 100% correlation

• Belle’s average is about 2σ away from the SM
– Combining results from BaBar and LHCb, tension is about 4σ

 SM

Had. tag, 𝝉− → 𝒍−  𝝂𝒍𝝂𝝉

Semilep. tag,
𝝉− → 𝒍−  𝝂𝒍𝝂𝝉

Had. tag, 𝝉− → 𝒉−𝝂𝝉

Belle ave.

The 14th International Workshop on Tau Lepton Physics

20/22
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Lepton Flavour Violation

• Models
I LVF tau decays and H->tau mu in the Simplest Little Higgs Model (Pablo Roig)

• Searches
I Search for LFV in Z and Higgs decays with CMS (Alexander Nehrkorn)
I Search for LFV in Higgs and Z’ decays with ATLAS (Minghui Liu)
I LFV in tau decays: Results and prospects at the LHC (Kristof De Bruyn)
I Lepton Flavour Violation at Belle and Belle II [in progress] (Simon Eidelman)
I Status of Mu3e (Alessandro Bravar)
I Search for Muon to Electron Conversion at J-PARC: COMET (Chen Wu)
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LVF tau decays and H->tau mu in the Simplest Little Higgs Model (Pablo Roig)

Conclusions

LFV in the SLH model Pablo Roig (Cinvestav)

Little Higgs models (particularly SLH) remain as elegant candidates to alleviate the hierarchy problem on the Higgs mass,respecting all experimental bounds.

(S)LH models predict small LFV decay rates which could escape detectionat Belle-II and (specially) at LHC.
Within SLH, LFV detection would be easier with 3 heavy neutrinos and for t/m decays (GIM-like)
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LFV in tau decays: Results and prospects at the LHC (Kristof De Bruyn)

B(τ− → µ−µ+µ−) Z0 → τ±µ∓ D0 → e±µ∓ Prospects

Overview

This Talk

1 τ− → µ−µ+µ−

2 Z 0 → τ±µ∓

3 D0 → e±µ∓

Other LHC Results

I H → τ±µ∓ See preceding ATLAS & CMS Talks

I H → τ±e∓ See preceding ATLAS & CMS Talks

I Z → e±µ∓ ATLAS, PRD 90 (2014) 072010, arxiv:1408.5774

I τ− → pµ−µ− LHCb, PLB 724 (2013), arxiv:1304.4518

I B0
(s) → e±µ∓ LHCb, PRL 111 (2013) 141801, arxiv:1307.4889

Kristof De Bruyn (CPPM) LFV in Tau Decays: Results and Prospects at the LHC Tau 2016 4 / 25
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High Energy SM Physics with decays to τ

• Measurements of the top quark branching ratios into channels with leptons and
quarks with the ATLAS detector (Swagato Banerjee)

• Search for the Standard Model Higgs boson in the di-tau decay channel with the
ATLAS detector (Dugan O’Neil)

• Measurement of Higgs couplings and CP using tau lepton at LHC (Daniele Zanzi)
• Perspective for a measurement of tau-Polarisation in Z → ττ with CMS (Vladimir
Cherepanov)

• Higgs decays to tau leptons in the Standard Model and beyond (Laura Dodd)
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High Energy New Physics with decays to τ

• Search for new physics with tau final states at 13 TeV (Zaixing Mao)
• Search for heavy Higgs and Supersymmetric particles with the ATLAS detector at the
LHC (Ryan Reece)
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Neutrino Physics

• Experiment eports
I T2K: Recent results and status (Alessandro Bravar)
I Results from IceCube (Donglian Xu)
I Status of JUNO (Haoqi LU)
I Atmospheric neutrino and proton decay at Super-Kamiokande and

Hyper-Kamiokande (Zepeng Li)
I Status of the LBL experiment DUNE (Vittorio Paolone)
I SHiP: a new facility with a dedicated detector for studying tau neutrino properties

(Masahiro Komatsu)
• Reviews and mini-reviews

I Neutrino phenomenology/theory overview (Shun Zhou)
I Neutrino experimental review/summary (Jonathan Link)
I Sterile neutrino searches: experiment and theory (Carlo Giunti)
I Mass hierarchy (Jennifer Thomas)
I Overview of reactor experiments (Chan Fai Wong)
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Neutrino phenomenology/theory overview (Shun Zhou)

Current Status and Outlook 3

Gonzalez-Garcia et al., NuFIT 2.1 (2016)

Neutrino Mass Hierarchy

 Reactor: JUNO, RENO-50
 LBL Acc.: T2K, NOνA, LBNF/DUNE
 Atm: PINGU, ORCA, Hyper-K, INO

Leptonic CP Violation

 LBL Acc.: LBNF/DUNE 
 Super-B: ESSνSB, MOMENT
 NF & Beta-Beams

Absolute Masses: KATRIN, 0ν2β (e.g., 136Xe & 76Ge), cosmology, …
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Light New Physics

• Dark sector and Light New Physics searches in BaBar (Alberto Lusiani)
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Analysis Tools with τ

• Tau trigger and Identification at CMS in Run II (Olivier DAVIGNON)
• Tau reconstruction at ATLAS (Daniele Zanzi)
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Conclusions

• relatively little progress in the topics most striclty related to the tau
• low energy QCD is alive and well; there is also interest to get improved tau data
• live and diverse activity on muon g−2 hadronic contribution

I connected with the incoming FNAL experiment
I large effort to use lattice for both HVP and LBL

• steady and nice progress in neutrino sector in recent years, expected to continue
• tau LFV progress is pausing

I MEG is done: no evidence of µ→ eγ, a proposal for an upgrade exists
I expect future progress from LHC, Mu2e, COMET, Mu3e, BelleII, . . .

• the blend of the workshop topics facilitates a continuous stream of new results and
activities ⇒ see you at Tau 2018

• it is traditional that there are no questions or comments after the
Summary Talk

• however, please let me know afterwards of any mistake,
misrepresentations or serious omissions that I ought to put right
before writing the proceedings
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