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Tau 2016 Summary

Tau 2016 in figures

e 66 talks
e 7 posters
e 69 delegates excluding “locals”
> 76 at Tau 2014
» 73 at Tau 2012
» 71 at Tau 2010
» 67 at Tau 2008
» 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, .. .|

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary

The balance of the topics

General

> Intro, Summary, Chin. Phys. Journal
e Tau properties, SM/EW
> 3 talks
e Low energy QCD with & without 7
> 11 talks
(g—2),, hadronic contribution
> 13 talks
(§—2),, experiment
> 2 talks

Monte Carlo Generators
» 1 talk

e Accelerators

» 2 talks

Lepton Flavour Violation

> 7 talks

Heavy Flavour decays to 7

> 3 talks

High En. SM Physics w. decays to 7
> 5 talks

High En. New Physics w. decays to 7
> 2 talks

Neutrino Physics

> 11 talks

Light New Physics Searches

> 1 talk

Analysis Tools with 7

> 2 talks

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary Highlights

Personal Highlights

e Five-loop Running of the QCD Coupling Constant (J.H. Kiihn)

» analytical calculation, 20 years after the four-loop calculation

» factor 3 reduction of the uncertainty on «; running from m, to m;,
e Steady progress in neutrino physics, with promising prospects

» data fit favors dcp = —m/2, remarkable precision obtained on 6,3
» prospect for measuring dcp and resolving mass hierarchy in near future
» some experimental indication of sterile neutrino

Improved strategy to determine |V,| with 7 hadronic decays (K. Maltman)

» theory error competitive and of different nature than for kaon determinations,
> 7-inclusive |V,s| now agrees with unitarity and kaons

Global fit on Belle tau decays to fit Michel parameters (in progress) (D. Epifanov)
» expect 10X more precise than WA now: 1—4% — 0.1—0.4%

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



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

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

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

SUMMARY
o QCD corrections for

Higgs decay to ff, Higgs decay to gluons, 7 decay to v + had,

R = %, Z decay to ff. All are available to O(a,*)

corresponding to 4 loops
e matched by QCD S-function in 5-loops
o excellent agreement between theory and experiment

e 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 determina
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Tau 2016 Summary Improved strategy to determine |V,| with 7 hadronic decays

Improved strategy to determine |V, | with = hadronic decays (K. Maltman)

AN ALTERNATE FB FESR IMPLEMENTATION

e Theory side

o No D > 4 assumptions: effective condensates Cp-4
from fits to data (N.B. requires variable sg)

o 3-loop-truncated FOPT D = 2, standard D =244
error estimates [as per comparison to lattice]

N
o OQN—{-Q! |Vus‘ from u}N(y) =1- ﬁ“f‘ ]\:’fJfl FESR

o |Vus| from different wy as self-consistency check

iani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary Improved strategy to determine |V, | with = hadronic decays

Improved strategy to determine |V, | with = hadronic decays (K. Maltman)

HFAG and PDG tau b.f. averages and |V,;| determination from tau data

| V,s| results

K5, Maltman, Mainz 2016 (MILC 14)

0.2231+ 0.0008

K, Maltman, Mainz 2016 (FLAG 15)

0.2250 + 0.0010

CKM unitarity, PDG 2015
0.2255 + 0.0010

1 - sincl., Maltman, Mainz 2016
0.2228 + 0.0023 + 0.0005

T - sincl., HFAG 2016
0.2186 + 0.0021

T - Kv/1t - v, HFAG 2016
0.2231+ 0.0018

T - Kv, HFAG 2016

0.2223 + 0.0016

T average, HFAG 2016
0.2212 + 0.0014

Determination of |V,,| from Tau Decays

o Maltman, Mainz 2016 uses

» HFAG 2014 fit data
> available spectral functions
> Adametz thesis on
B(t — Knﬂ'ol/)
> Moulson CKM 2014 for
kaon experimental inputs
> lattice QCD Ny=2+1+1
form factors
m Kj3: FNAL-MILC 2014
m K,5: FLAG 2015

e CKM unitarity uses |V,4|

2016, 19-23 September 2016, IHEP, Beiji




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. 7= — {~ v, (£ = e, u) decays provide clean laboratory
to probe electroweak couplings.

The most general, Lorentz invariant four-lepton interaction matrix element:

m=28 N,jzzgg 6} 60 [am )|

i v_ v
PP =1, T =%, IT = 5 (7 = 7"7*)

Ten couplings gig\‘, in the SM the only non-zero constant is gl\_/l_ =1

Four bilinear combinations of gi}\‘, which are called as Michel parameters (MP): p, 7, £
and o appear in the energy spectrum of the outgoing lepton:

dr(r¥) 4G,2:MTE,%aX 2 P >
e = 2n)* /X2 —x2(x(1—x)+ §p(4X —3X — X§) + n%o(1 — x)

1 2 E m
4 2 _ 2 _ < _ 2 _ £ _ 0
¥3P7—COS\9(£1/X xg [1 x+3r)(4x 44 4/1 XO)D, xf—Em L Xg = ——

7Emax
IntheSM: p=3,7=0,6=1,6=2

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary Tau Michel parameters in Belle

Tau Michel parameters in Belle (D. Epifanov)

Effect of 7 spin-spin correlation is used to measure ¢ and 6 MP.
Events of (rT — ¢Fvv; 7 — pTv) topology are used to measure: p, 7, &p€ and £,80,
while (=F — pFv; 7 — p*v) events are used to extract £2.

T helicity —
+ - M o T
1" helicity O T R R P )
RH 7,
Qo
0.74 w 5
0732 Fitresult =
: e e

4

= Ao+ pAL + A2 + £pEA3 + £,E0A = D AG;
i=0

do(£F vy, ptv)
dE;dQ;dQsdm2 dQ.dQ,

@
o do(£F vv, p=v) /2
7) = -

dpgdQpdp,dQ,dm2  dfy

do(¢F v, ptu) ‘ a(E}, 97,9, 9r) ‘do
dEF d07dQ%dm2  dfirda, T

J 8(g: . Ppr U, Or)

i
=

PR, pM — F(70)/N(8), N(B) = / F(2)AZ, 6 = (L, p,m, £p€0, Ep062)

=~
Il

1

MP are extracted in the unbinned maximum likelihood fit of (¢vv; pr) events in the 9D
phase space Z = (pg, C0S 8y, ¢¢, Pp, COSOp, ¢p, M2, COSbr, ¢r)in CMS.

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau properties and SM/EW tests with tau leptons

o little activity
e Tau Branching Fraction Fit

» HFAG fit minor fixes, improvements

» ported to PDG 2016, except some particular features scheduled for 2017
e Michel Parameters

> analysis with global fit on-going in Belle (D.Epifanov) — see highlights

» preliminary results on tau radiative leptonic decays (N. Shimizu)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



HFAG and PDG tau b.f. averages and |V,;| determination from tau data

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

A.Lusiani, HFAG - PDG Tau Branching Fraction fit

Tau Branching Fractions Fits

HFAG 20
B(r—...) HFAG 2016 prelim. B(r—...) HFAG 2016 prelim.
W o, 17.3917 + 0.0396 T K KTy, 0.1434 + 0.0027
e Dev, 17.8162 + 0.0410 K K nu, 0.0061 + 0.0018
T v, 10.8103 + 0.0526 TNy, 0.1386 + 0.0072
K v, 0.6960 == 0.0096 K™ v, 0.0155 =+ 0.0008
v, 25.5023 + 0.0918 K™ nonu. 0.0048 + 0.0012
K™%, 0.4327 + 0.0149 Ko, . 0.0094 + 0.0015
77 27%, (ex. K°) 9.2424 + 0.0997 T 77r+7r7m/, (ex. K°) 0.0218 + 0.0013
K™ 27°0, (ex. K°) 0.0640 =+ 0.0220 8" e 0.0410 £ 0.0092
7 3n%, (ex. K°) 1.0287 =+ 0.0749 mwv, 0.4058 + 0.0419
K~ 3x° 0.0044 + 0.0016

XX X3 X
)
)
o °
3
"o
d
3
°
%
x
<

3
T
&
§

X3 3333 X3 x4
3

a

x

~o

N

3

N
%

h

“ntu, (ex. K% w)
7%, (ex. K°, w)

27, (ex. K°,w,n)

=33
5

0.0428 + 0.0216
0.1099 =+ 0.0391
0.8386 + 0.0141
0.1479 + 0.0053
0.3812 + 0.0129
0.1502 + 0.0071
0.0234 + 0.0231
0.0233 4 0.0007
0.1047 4 0.0247
0.0018 =+ 0.0002
0.0318 + 0.0119
0.0222 + 0.0202
8.9704 4 0.0515
2.7694 + 0.0711
0.0976 + 0.0355

a (= 7 v,

3 21t v, (ex. KO w, f)

K 2r 2n v, (ex. K°)
27" 't wr, (ex. K°)

3r 2 70, (ex. K° n,w, f)
K= 27 27" 7%, (ex. K°)
T, (ff = 2r 277)
w27y,

1—Tan

1.9544 + 0.0647
0.2923 + 0.0067
0.0410 £ 0.0143
0.0400 + 0.0200
0.0071 + 0.0016
0.0013 £ 0.0027
0.0768 + 0.0030
0.0001 + 0.0001
0.0084 + 0.0006
0.0038 £ 0.0009
0.0001 + 0.0001
0.0052 + 0.0004
0.0193 + 0.0038
0.0355 + 0.1031

note: a linear combination sums up to 1

SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Be




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 |V,;| determination from tau data Lepton Universality

Lepton universality - HFAG 2016 prelim. (2)

Canonical tau lepton universality test plot

— o1
o £
0.1788]—
01786~ A 5 o
E Universality test precision
0.1784— . . .
E now limited by leptonic BRs
0.1782
o7l quantity prec.  contrib.
0'1778? 7. 0.18% 0.090%
0'1776; — SM lepton universality, 1o B-r—m,e 0.23% 0.115%
oL7ra- m, 0.009% 0.022%
01772
B T - TN
T, ()

e y axis leptonic BR is proper average of B, and B,

i, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



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

N. Shimizu, Tau Michel parameters with radiative leptonic decays in Belle

ODue to the poor sensitivity of T —» evvy events, 77 is
extracted from only T —» uvvy events

O(¢k)e is fitted by fixing 7 = gy = 0.

On* and (éx)* are fitted simultaneously
Fit contour for 7 - uvvy

K:
(€r)® = -05+08+ 1.1, i
7t = —2.04+15+0.8, |
(Er)W = 08405402, ]
The first error is statistical and the 05
second is systematic. 10 to 3a statistical
. . , deviations from
&k are naively combined: " inner to outer side

£k =0.6405
OCorrelation between 7#* and (ék)* is small (~7%)

=S|

16
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Tau 2016 Summary Low energy QCD with & without T

Low energy QCD with & without 7

e QCD coupling constant
> Five-Loop Running of the QCD coupling constant (J.H. Kiihn)
» Perturbative series in 7 — hadrons and scheme variations of the coupling (D. Boito)
» different views on treatment of duality violations . ..
m QCD Coupling from ALEPH 7 Decay Data (A. Rodriguez Sanchez)
m The status of the strong coupling from 7 decays in 2016 (M. Golterman)

e |V,s| from hadronic tau decays
> Inclusive hadronic tau decay determination(s) of |V,,| (K. Maltman)
» Lattice calculation of | V| from inclusive strange tau decay (Hiroshi Ohki)
e Misc
» Predictions on the second-class current decays 7 — 7’ (Sergi Gonzalez-Solis)
> An overview of 7 — (77, K, Kn')v, decays (Sergi Gonzalez-Solis)
» Meson-photon transition form factors and muon g—2 (Fu-Guang Cao)
» Strong isospin breaking at production of light scalars (Nikolay Achasov)
» Two photon program at BESIII (Christoph Florian Redmer)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary Low energy QCD with & without =
Change scheme to improve fixed order convergence (D. Boito)

Scheme variations

In the large- 3, limit its convenient to redefine the coupling as
Beneke '99

1

A

=n(mF+3) -

2

1 B
—+5C

aQ

We propose the following generalisation to the QCD coupling (C-scheme)

—51<IHQ 9) = LQJr%

aQ

/32 In aQ — ﬂ1 da

| Ba da
2 & J Bla)

B

Inag

dag

,Qw

Blag) = (7

Diogo Boito

| Tau2016 - Beijing
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Tau 2016 Summary Low energy QCD with & without T

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

Conclusions

Purely perturbative contributions dominate uncertainties of Aﬁ/A(so ~ m2)

)
J

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

Method as(m?)
CIPT FOPT Average
+0.019 +0.017 +0.020
ALEPH moments 0.3397 5017 0.3197 4015 0.329 7 4o1s
Modified ALEPH moments | 0.338 799 | 03197903 | 0.329 %306
s 0.018 +0.015 0.018
A2:m) moments 0.336 7908 | 03171593 | 03267908
s dependence 0.335+£0.014 | 0.323+0.012 | 0.329 + 0.013
Borel transform 03287501 | 0318750 | 03237001
as(m2)CTPT = 0.335 4+ 0.013 )
as(m2) = 0.328 £0.013
as(m2)FOPT = 0.320 £ 0.012

o{" = (M2) = 0.1197  0.0015

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

)

(IFIC)

QCD Coupling from ALEPH tau Dec:

Data

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing




Tau 2016 Summary Low energy QCD with & without T
The status of the strong coupling from tau decays in 2016 + Decay Data (M. Golterman)

Controversy:

*  Pich, Rodriguez-Sénchez (PRD94 (2016) 034027): v, (1m?) = 0.328(12)
Davier et al. (EPJC74 (2014) 2803): as(m?) = 0.332(12)

« Boito et al. (PRD91 (2015) 034003): ag(m?) = 0.301(10)

*  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 justified. Not related to controversy.

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beij



Tau 2016 Summary Low energy QCD with & without T
The status of the strong coupling from tau decays in 2016 + Decay Data (M. Golterman)

Our solution (three papers and various conference proceedings)

* Use moments that probe OPE only to order (s .

* Compelled to allow for duality violations (resonance effects clearly seen!).
Need to look at V and A channels separately (different resonances!).

*  Our results: P&R:
as(m?) = 0.296(10) (FOPT)  a,(m?) = 0.319(12) (FOPT)
=0.310(14) (CIPT) = 0.335(13) (CIPT)
* Even if you do not accept our model for duality violations, this implies
an additional 0.024 (8%) spread in the value of a(m?) .

Larger effect than the difference between FOPT and CIPT.
= P&R analysis not competitive.

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beij



Tau 2016 Summary Low energy QCD with & without T

Lattice calculation of |V,

ys| from strange T decay (Hiroshi Ohki)

Our strategy

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

_ 1
w(s) = GroneTen e
and taking SO -> o,

[ ploretsrds = 3 Res (1(-QR (- 0D)
“ k

LHS ... Experimental data and pQCD
RHS ... Lattice HPVs INM(Q) at Euclidean momentum region

Im(s) pQCD

v
e% 50 Re(s)

T experiment T experiment & pQCD (s > mr’\2£)3

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary w energy QCD with & without

Lattice calculation of |V, | from strange T decay (Hiroshi Ohki)
L e e B
e KI3 decays, PDG 2013
Fel KI2 decays, PDG 2013
el CKM unitarity, PDG 2013
e > s inclusive, HFAG 201¢
e ©->Kv /7> 7V, HFAG 20
—e—i 7> Kv, HFAG 2014
very preliminary o T average, HFAG 2014
Our result e N=3. C=0.5 [GeV’]
[ N=4, C=02 [GeV” ;
for all channels (V1 This work
= N=4, C=0.5 [GeV’]
(‘/]‘+VO+A]‘+AO)“llllllllllllllllllllllll“
0.215 0.22 0.225 0.23 0.235 0.24
All our results (C<1, N=3,4) are consistent with each other and
CKM unitarity constraint as well.
29

i, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beiji



Tau 2016 Summary (g—2),, hadronic contribution

(g—2),, hadronic contribution

e Experimental Measurements

» Pion form factor measurement and ISR at BESIII (Yagian Wang)

QCD and R value measurement at BESIII [in progress| (Haiming HU)

New ISR results on o(7 "7~ 7°7°) and 7" 7~ n from BaBar (K. Griessinger)
New ISR results on O'(KSKLWO, KSKL2pi0) from BaBar (Wolfgang Gradl)
Recent e*e™ — hadrons results from SND at VEPP-2000 (Mikhail Achasov)
New e"e™ — hadrons results from CMD-3 [in progress] (Simon Eidelman)

R measurement between 1.8 and 3.7 GeVat KEDR (Simon Eidelman)
Measurement of the running of aigep and vy Physics at KLOE (G. Mandaglio)
New e"e~ — hadrons results from Belle (Chengping Shen)

Y VY VY VY VY VY VY

e Theory and determinations of (g—2),, hadronic contribution

» Review of g—2 theory (Thomas Teubner)

> Review of g-2 predictions with experimental inputs (Michel Davier)
e (g—2), hadronic contributions with Lattice

» Lattice calculation for LO hadr. contrib. to (g—2),, (Bipasha Chakraborty)
> Lattice calculation for light-by-light hadr. contrib. to (g—2), (Taku lzubuchi)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary

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

(g—2),, hadronic contribution

Cross section

Cross section comparison

g
bare — Nomy (455G bare — Napy | Splobal 1+05dk - bare
mr(Yesr)  LoegopnH(8) dvac (k) T Nuwy  egom THORR M

2000

—+— using the luminosity
—4— using the R ratio

1800
1600
1400
1200
1000
800
600
400

cbare(e’e’— T (Y,g)) [Nb]

||I‘_I|III[HI|III||IIMH|III|III|H1

200

=4
o

Relative difference: (0.85 + 1.68)%

Pion Form Factor

| Yagian WANG

Good agreement!

TAU 2016 20/25
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Tau 2016 Summary (g—2),, hadronic contribution

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

_ SREESEMCIEEI

Contribution to a)/™-°

T T T T T
e KLOEO08 368.1+0.4+23+22

———e——— BaBar09 376.7+x2.0x1.9

o KLOE10 365.3+0.9+23+22
T KLOE 12 366.7+12+24+0.8
| BESIII 368.2+25+3.3
B I B L L L L
360 365 370 375 385 390 395

380
a™°(600 - 900 MeV) [10™]

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

Yagian WANG (JGU) Pion Form Factor TAU 2016 21/25

ni, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary

. hadronic contribution

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

Comparison with BaBar and KLOE

T T
BESIfit

BaBar

013 065 07 o7 o8 0.85 0.9
Vs (GeV)

0. T

BESIII fit 3

ok rabi

E —+ KLOE 10

- E —4— KLOE 12
» 005
Gy
H(KLOEOB&12 § Lt

" KLOE 10 .7 i AllKLOE

-oxf—

Vs (GeV)

Pion Form Factor TAU 2016 23/25
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Tau 2016 Summary (g—2),, hadronic contribution

QCD and R value measurement at BESIII (Haiming HU)

¢ The planed data sets for QCD and R scan between 2.0-4.6 GeV
energies have been collected.

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

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

* The LUARLW parameters are being optimized, the uncertainty of ¢, 4
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.

e |t can be expected that R value measured with BESIII data will
improve the calculations of Aa(s) and (g-2).

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary (g—2),, hadronic contribution

0_0

New ISR results on 0’(1\'+1\'_1\' ) and 7t 7" n from BaBar (K. Griessinger)

Cross section ete™ — 700

Contribution of 777 27° to g, — 2

=
=
oSND 2

(E =ADONE yy2 1 o] 1— 4mg
+ AADONE MEA had __ s
= 3, == 5 Ku(s)o(s)ds
! A3 Jpp o 1 4 2Me
: 0

9 #ND s s
2 oOLYA

© eBaBar

New result starting at lower limit

a,(0.85 < /s < 1.8GeV) =
(17.9 £ 0.14¢a¢ & 0.65yg;) x 10710

New result in a wider energy range

\l&—;:‘ 35 4 45 a/»"(085 < \/g < 30 Gev) =
Eaw @) (21.8 =& 0.15¢at & 0.75yst) x 10710

September 2016 16 / 23
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Tau 2016 Summary (g—2),, hadronic contribution

0_0

New ISR results on 0’(7\’ 7w 7 7 ) and 7t 7" n from BaBar (K. Griessinger)

Cross section ete™ — 700

Contribution of 7777 27% to Aa(M32)

o) = ﬁaw)

é oSND m2
: e Vi-®
i O Aa(e) 7{ :
! 47r a 2’" - %
K3 &ND q
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New ISR results on 0’(1\'+1\'_1\' .
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) and 7t 7" n from BaBar (K. Griessinger)

Contribution of 77777 to g, — 2

HLMNT 2011 [8]

au(y/s <1.8GeV) =
(0.88 4+ 0.10) x 1010

DHMZ 2011 [5]

au(v/s < 1.8GeV) =
(1.15 4 0.065¢a¢ = 0.085ys¢) x 10710

y

New result
a,(y/s < 1.8GeV) =

;
(1.19 = 0.024¢a¢ + 0.064ys¢) x 10710

y
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Recent et e~ — hadrons results from SND at VEPP-2000 (Mikhail Achasov)

SND data
i VEPP-2M
About 15 hadronic Below ¢ | Arrounde Above ¢
processes are currently
under analysis. IL, pb-1 91 13,2 8.8
Vs, GeV |0,36-0,97|0,98—1,06 | 1,06 1,38
VEPP-2000
Below ¢ | Arround ¢ | Above ¢ Here we report the
IL, pb-1 15,4 6,9 47,0 four results
Vs, GeV |0,30-0,97 | 0,98 1,05 | 1,05-1,38

Precision measurements First measurements
ete- - n'% (VEPP-2M data) e*e- —» n*n nn

ete- —» K*K- : ete” - o ntn
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4

New e e~ — hadrons results from CMD-3 (Simon Eidelman)

Summary and nearest perspectives @

> VEPP-2000 successfully operated at Vs = 2m_-2 GeV with
Linax = 2x103! cm-2s7! and collected about 60 pb-! 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: K;KO* — K Kin, K*K-* — KntK-*, K**K*-* — K K- *n® and so on
> Various studies of transition form factors are in progress:
ee” — 1, ny, e, ne‘e.
> We plan to get data with integrated luminosity of about 1-2 fb-! 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

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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L

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 )
R
AMARK I Preliminary
¥ ADONE-y72 W BES(2009)
ar * ADONE-pm O BES(2002)
# ADONE-MEA A BES(2000)
coe pQCD T fi
3t
§...%j.§_.§‘# +§ o.Te 9.
N % }‘#* ¢ # E:]
L L L L L L L
18 2 22 24 26 28 3
5, GV
R = 2.209 + 0.020 + 0.046 agrees with R,qcp = 2.18 £0.02
based on as(m.) = 0.333 £ 0.013 derived from hadronic 7 decays
S.Eidelman, BINP p.17/18
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Tau 2016 Summary (g—2),, hadronic contribution
R measurement between 1.8 and 3.7 GeVat KEDR (Simon Eidelman)

TAU16, IHEP September 19-23, 2016

4 )

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

e We are discussing whether inclusive measurement is feasible
between 1.5 and 2.0 GeV at CMD-3

e New precise measurement of I'c. B, (J/¥) and T'eeBB,,,, (J /1))

e Data taking: at J/v¢ (B(1n.7)), around (3770) to improve D masses,
then /s increase to measure R and yy — hadrons (4 < /s < 5 GeV)

\_ J

S.Eidelman, BINP p.18/18
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y g L

Measurement of the running of arggp and v~ Physics at KLOE (G. Mandaglio)

KLOE measurement of o(s)
below 1 GeV

* Measurement of the running of the fine structure constant a in the
time-like region 0.6<Vs <0.975 GeV obtained via :

() _ dodu(ete” = iy ()isn/dys - data
a(0)'  dofaletes = prpmy(9)lsr/dvs T MC with o (s) = a (0)

FSR correction done by by using PHOKHARA MC event generator

* Statistical significance of the hadron contribution to the running o(s)
is evaluated

« for the first time in a single experiment the real and Imaginary part of
Ao,

* Measurement of BR(o— pp) .

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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y g L

Measurement of the running of arggp and v~ Physics at KLOE (G. Mandaglio)

Meas. of the running of a(s)

H‘-D’iSR
als) e dil, o ME
‘m‘ T dgMC %108}
d“lﬂﬂ :5; 1.06i
MC with VP removed 2 uf Fargette s
2 _ 1.02;
|28 = 1/(1 — Bas)) SERACII

Sticiypes

Aa(s) = Atyep + Athag

(we neglect the top 0'98? ® Epdaa
contribution) 0.96 ® Thopred. for afs)=a(0)
E Thipred. for afs)=afs),,
“Theoretical prediction” (provided 94; o Thpred. for a(s)=a(s)
by the alphaQED package [1]) 092600 < M <980 MeV
AalepcomputedinQEDwith O‘Q_W‘WWWW‘WI\\I\\\I‘\I\\‘\\\I‘\\\\‘\\\I‘\I\\

> 0.6 0.65 07 0.75 08 0.85 0.9 0.95 1
negligible error; Energy (GeV)

Aa,_obtained by a compilation of data in time-like region (with 0.1% accuracy).
Excellent agreement with other R compilation (Teubner / Ignatov)

Athadl(s) = —(Q(O)S)RF /‘ o R(s) R(S) — Otot (€t e~ =y =—hadrons)

S
3r Crot(et e =yt

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

New e e~ — hadrons results from Belle (Chengping Shen)

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 Bellell from 2018 !

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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Review of g—2 theory (Thomas Teubner)

HVP:

it channel: + KLOE12, + BES Il from Rad. Ret.: of v
Q2
Prel. HKMNT combination w. full cov.-matrices: e
hadrons
: : : : ISR
— x*a™ Fit (preliminary) —e— * Xn/dof.=14
—_— Direct Scan Only —%—
* further improvements
KLOE(8) expected from CMD-3,
] KLOE (10) F—=— more also from BaBar?
- KLOE (12) +—=—
BaBar 09) => see Simon Eidelman’s
talk on CMD-3
" BESIII (15) —=—
=>» Yaquian Wang's talk
| | | L on BES Il m FF & ISR
365 370 375 380 385

a,"™ (0.6 = Vs <0.9 GeV)
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L

Review of g—2 theory (Thomas Teubner)

HVP:

it channel K*K- channel with recent BaBar
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* Many new data sets and an improved combination algorithm, which takes fully
into account all available covariance matrices, give significantly reduced errors
and a slightly smaller mean value

* Previously sizeable additional (conservative) error from uncertainty in treatment
of radiative corrections (VP + FSR), mainly from older data sets, gets reduced

* More exclusive data in multi-pion and K channels reduce uncertainty from
estimate based on Iso-spin correlations

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beiji



Tau 2016 Summary (g—2),, hadronic contribution
Review of g—2 theory (Thomas Teubner)

Further improvements for a,""":

1. Data input:

Most important 2m:

- 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 particular rt'rim®n®
need more & newer/final data

Inclusive measurements from KEDR
and BES-Il at higher energies are/will

be important

Lattice simulation are becoming more
and more competitive

>

. Analysis techniques

Refined treatment of errors and
correlations 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 p-y
mixing directly see no discrepancy
between e*e” and t spectral function
data, but gain from including T

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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4

Review of g-2 predictions with experimental inputs (Michel Davier)

Our group contribution to LO Hadronic a "
The dispersive approach follows the availability of trustful experimental data

» Use data on e+e- — hadrons and on t — v hadrons (CVC+isospin breaking), more
precise then Alemany-Davier-Hoecker 1997

> Detailed QCD studies of t 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 t spectral functions
Davier-Hoecker-Lopez-Malaescu-Mo-Toledo-Wang-Yuan-Zhang 2010
> Improvement of statistical and systematic tools (HVPTools) and update with
new BABAR n+n— 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

Tau2016 Beijing Sept. 19-23 Michel Davier (davier@lal.in2p3.fr, LAL, Orsay) 5
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Review of g- ictions with experimental inputs (Michel Davier)

Input e*e- Data in Combination with pQCD

| Davier-Hoecker-Zhang, RMP 78 (2006) 1043

L A I A A R IR RO

@ o Pis  as!
e'e” — hadrons

6y

e [1%-1.86eV]
- sum about 22->37 exclusive
channels
- estimate unmeasured channels
using isospin relations

*[1.8-3.7] GeV
- good agreement between
data and pQCD calculation;
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!
I
H
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Review of g-2 predictions with experimental inputs (Michel Davier)

a, Tau 2016 preliminary
]
DEHZ 2003 696.3 £ 6.2, 3.600a  (7.154)
DHMZ 2011  692.3 £ 1.4+ 3.15 £ 2.4 rgyst £ 0.2, £ 0.3qcp  (4.2461)
DHMZ 2016 692.8 + 1.2,;04 + 2.651 + 1.6 gprsyer = 0.1, £ 0.3qcn  (3.341)

a
QED 11658471.885 +- 0.004
EW 154 + 0.1
had LBL 105 +-26
had LO 6928 + 33
had NLO -9.87 +-0.09
had NNLO 124 +-001
prediction  11659181.9 +- 4.2
exp BNL 11659208.9 +- 6.3
| deviation 270 +-76 3.65 |
Tau2016 Beijing Sept. 19-23 Michel Davier (davier@Ial.in2p3.fr, LAL, Orsay) 23
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Review of g-2 predictions with experimental inputs (Michel Davier)

6 Davier-Hoecker-Malaescu-Zhang. Sep-2016
/l;l\ C T T T T T T T T T [ : T T T : T | T T T T ] T l_
14 - oo : 7
51— : —
4— E —
3 : —
2 — —
r B e'e - hadrons data n
1 __ (HVPTools compilation) __
L { BES (uds continuum) —
C — pQCD (massless) ]
0 C L 1 I 1 1 1 L I L 1 1 1 [ 1 1 1 1 I 1 1 1 1 I 1 l_
0 1 2 3 4 5
s [GeV]
Tau2016 Beijing Sept. 19-23 Michel Davier (davier@Ial.in2p3.fr, LAL, Orsay) 25
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(g—2),, experiment

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

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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The muon g-2 experiment at Fermilab (James Mott)

n

Take-home messages G

» 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

James Mott Tau2016, Beijing 20th September 2016 34

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary (g—2),, experiment
The muon g-2 experiment at J-PARC (Yutaro Sato)

Summary 7

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

¢ Alot of interesting techniques are being developed.
— No focusing E-field to storage muon beam
o 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.
e TDR was submitted.
— g-2: 0.37 ppm (= 0.1 ppm)
— EDM:1.3X102%e » cm
e High priority in KEK Project Implementation plan.
¢ Moving to construction stage.

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, B
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Monte Carlo Generators & Accelerators

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

e Precise beam energy measurement in collider experiments (Jianyong Zhang)

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

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Alberto Lusia

Toward techniques using weighted events, template fitting. 15

Data Analysis
_ User Program -
7'

send Recieve Send particle
wt=1.0 weights 4-vectors
v
Tauola
(Reweighting mode)
iove “Yes” Send charge
N RecieveYes o and channel ID
o
Recieve Send formf
recalculated recalculation
information

Formf recalculation

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

ember 2016, IHEP,
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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
SE/E=10* - 107,

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

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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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
ex/ey, NM 144/2.2 | 30/0.45 | 30/0.2 | 30/0.2 | 30/0.2
Bx/By, mm 1000/15 | 100/5 100/5 100/4 | 100/4
Crossing angle,
mrad 22 22 22 30 30
oz, mm 15 16 16 16 16
Piwinski angle ¢ 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 &, 0.04 0.1 0.15 0.1 0.15
Luminosity,
x10%2cm—2s 1 8 67 98 83 170

A. Bogomyagkov (BINP) Possibilities of crab waist 16/19

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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Heavy Flavour decays to T

e Measurement of B — D*)71 at Belle (Shigeki Hirose)
e Tests of lepton universality at LHCb (Kristof De Bruyn)

e Solutions to the R(D) and R(D*) anomalies and their phenomenological implications
(Xingiang Li)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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Measurement of B — D(*) v at Belle (Shigeki Hirose)

) ) 19/2
B Comparison with SM and Prev. Results

Preliminary Experimental average without the new result
. /
" I 1 [
E 20
05 e
Constraint on P, is F 1o
. ) I
given for the first time! : / Best fit
-0.5( i A ¥
F : SM
- \
1= :
B
_: P SR IR | i e S E
%1

5 02 025 03 035 04
R(D*)
* By combining R(D*) and P,, our result is consistent with the
SM within 0.60

The 14th International Workshop on Tau Lepton Physics

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beij
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Measurement of B — D(*)r1 at Belle (Shigeki Hirose)

m R(D™) World Average 0
~ 0457 T T T T T T T g 0.5 T T T T T |
[a) L Dy 11|12 ] |
& [ Belemsdtay s onv ICHEP 2016 Prefiminary 1| £ Pohe Gombination ICHEP 2016 Preliminary 3

F B 0.45— LHGb -
0.4 | C 7
L ] E —— Worid Combination 3
- B C - SM prediction: PRD92 054410 (2015), PRDSS 094025 (2012) |
C ] 0.4
0.35F & o ]
b 0.35 LHCb B -
0. 'Y -
0.25- S
; S e 3
[ 1o contours ; b 16 contours - -
0.2 1 1 1 1 L 1 L .| 0.2 L L L L L 1
02 025 03 035 04 045 05 055 06 - 025 03 035 04 045 05 055 0.6
R(D) R(D)

¢ Combination ofR(D(*)) results

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

* Belle’s average is about 26 away from the SM
— Combining results from BaBar and LHCb, tension is about 4c

The 14th International Workshop on Tau Lepton Physics

Alberto iani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beiji



Lepton Flavour Violation

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

e Searches
» Search for LFV in Z and Higgs decays with CMS (Alexander Nehrkorn)
» Search for LFV in Higgs and Z' decays with ATLAS (Minghui Liu)
» LFV in tau decays: Results and prospects at the LHC (Kristof De Bruyn)
» Lepton Flavour Violation at Belle and Belle Il [in progress] (Simon Eidelman)
» Status of Mu3e (Alessandro Bravar)
» Search for Muon to Electron Conversion at J-PARC: COMET (Chen Wu)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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LVF tau decays and H->tau mu in the Simplest Little Higgs Model (Pablo Roig)

Conclusions

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 detection
at Belle-Il and (specially) at LHC.

Within SLH, LFV detection would be easier with 3 heavy neutrinos and

for t/u decays

LFV in the SLH model Pablo Roig (Cinvestav)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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LFV in tau decays: Results and prospects at the LHC (Kristof De Bruyn)

B(r~ = p ptuT) 20 5 rEuF D & et F Prospects

Overview

This Talk
Tt
70— T
D° — et T

Other LHC Results

> H—rtuF See preceding ATLAS & CMS Talks
» H— rte¥ See preceding ATLAS & CMS Talks
» Z eyt ATLAS, PRD 90 (2014) 072010, arxiv:1408.5774
> T = pup LHCb, PLB 724 (2013), arxiv:1304.4518
> By — eFuT LHCb, PRL 111 (2013) 141801, arxiv:1307.4889

cowTe O RYSIuEDes
PITCLES EMHRSELLE

Kristof De Bruyn (CPPM) LFV in Tau Decays: Results and Prospects at the LHC Tau 2016 4/25

2016, 19-23 September 2016, IHEP, Bei



Tau 2016 Summary High Energy SM Physics with decays to T

High Energy SM Physics with decays to 7

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

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

e Measurement of Higgs couplings and CP using tau lepton at LHC (Daniele Zanzi)

e Perspective for a measurement of tau-Polarisation in Z — 77 with CMS (Vladimir
Cherepanov)

e Higgs decays to tau leptons in the Standard Model and beyond (Laura Dodd)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Tau 2016 Summary High Energy New Physics with decays to =

High Energy New Physics with decays to T

e Search for new physics with tau final states at 13 TeV (Zaixing Mao)

e Search for heavy Higgs and Supersymmetric particles with the ATLAS detector at the
LHC (Ryan Reece)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Neutrino Physics

e Experiment eports
» T2K: Recent results and status (Alessandro Bravar)

Results from IceCube (Donglian Xu)

Status of JUNO (Haogi LU)

Atmospheric neutrino and proton decay at Super-Kamiokande and

Hyper-Kamiokande (Zepeng Li)

> Status of the LBL experiment DUNE (Vittorio Paolone)

» SHiP: a new facility with a dedicated detector for studying tau neutrino properties
(Masahiro Komatsu)

A 4

v

e Reviews and mini-reviews

» Neutrino phenomenology/theory overview (Shun Zhou)

» Neutrino experimental review/summary (Jonathan Link)

» Sterile neutrino searches: experiment and theory (Carlo Giunti)
» Mass hierarchy (Jennifer Thomas)

» 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)

LID Normal Ordering (Ax? = 0.55) Inverted Ordering (best fit) Any Ordering
sin? 612 0.308+5:913 0.273 = 0.349 0.308*0:013 0.273 — 0.349 0.273 — 0.349
012/° 33.7240 78 31.52 — 36.18 33.7210 78 31.52 — 36.18 31.52 — 36.18
sin” fa3 0.4517 038 0.387 — 0.634 0.5767 9033 0.393 — 0.636 0.389 — 0.636
023/° 422422 38.5 — 52.8 49.4+14 38.8 = 52.9 38.6 — 52.9
sin? 613 0.0219700010  0.0188 — 0.0249 | 0.0219700010  0.0189 — 0.0250 0.0189 — 0.0250
613/° 8.50%0 50 7.87 = 9.08 8.51%929 7.89 = 9.10 7.89 = 9.10
dcp/° 303+3) 0 — 360 262+51 98 — 416 0 — 360 |

Amgl +0.19 +0.19
e 7491919 7.02 — 8.08 7491919 7.02 — 8.08 7.02 — 8.08
A"l?{f +0.042 40.041 +2.355 = +2.606
| Tom o | T2ATTI00E 42351 — +2.610 | —2465505%  ~2.594 — —2.339 | | ToTl 70Ty
bfp £1o 30 range bfp £1o 30 range 30 range
Neutrino Mass Hierarchy Leptonic CP Violation
® Reactor: JUNO, RENO-50 ® LBL Acc.: LBNF/DUNE
® LBL Acc.: T2K, NOvA, LBNF/DUNE ® Super-B: ESSvSB, MOMENT
® Atm: PINGU, ORCA, Hyper-K, INO ® NF & Beta-Beams

Absolute Masses: KATRIN, 0v2f (e.g., 136Xe & 76Ge), cosmology, ...
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Light New Physics

e Dark sector and Light New Physics searches in BaBar (Alberto Lusiani)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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Analysis Tools with 7

e Tau trigger and Identification at CMS in Run Il (Olivier DAVIGNON)
e Tau reconstruction at ATLAS (Daniele Zanzi)

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing



Conclusions

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

» connected with the incoming FNAL experiment

> large effort to use lattice for both HVP and LBL
e steady and nice progress in neutrino sector in recent years, expected to continue
e tau LFV progress is pausing

» MEG is done: no evidence of u — ev, a proposal for an upgrade exists

» expect future progress from LHC, Mu2e, COMET, Mu3e, Bellell, ...

e 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 | ought to put right
before writing the proceedings

Alberto Lusiani, SNS & INFN Pisa — Tau 2016, 19-23 September 2016, IHEP, Beijing
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