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Strong CP?

* |'ve told you that the CKM matrix is the only source of
CP violation in the Standard Model.

e Is this true? What is “the Standard Model”?
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Strong CP?

* |'ve told you that the CKM matrix is the only source of
CP violation in the Standard Model.

e Is this true? What is “the Standard Model”?

The SM

Input: Symmetries and fields
o Symmetry: 4d Poincare and
SL‘T(:%)(; X SL‘T(Q)L X U(l)y
» Fields:
s 3 copies of QUDLE fermions
Qr(3:2)16 Ur(3,1)23 Dr(3,1)_1y3
Li(1,2)12 Egr(1,1)—
s One scalar
Qb(l, 2)—1;”2

Y. Grossman

The SM (5)

M IS B A Then 1
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CERN, July 9, 2014 p. 7
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Then Nature 1s described by

Qutput: the most general £
L= Ly + £Hig_q.-’-s + Lyukawa

#® The model can have SSB

@) = (/[3/2) > SUQLx Uy — Uz

# Thismodel has a U(1l)p x U(1). x U(1), x U(1),
accidental symmetry

# |t has 18 parameters, and we measure them all by now

# We then made many tests and the SM basically
passes almost all of them

Y. Grossman The SM (5) CERN, July 9, 2014 p. 8
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Neutron electric dipole moment

« If the B, parameter is # O, there is CP
violation in the strong interaction

— observable neutron electric dipole moment
e But: |d | <2.9 x 10-26 e cm (PRL 97 (2006) 131801)
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The strong CP problem

« But: |d | <2.9 x 10-26 e cm (PRL 97 (2006) 131801)

» Corresponds to 8., < 10 sor | )
- Why is it so small? Is it zero?
- Does some new symmetry forbid it? -
- e.g. Peccei-Quinn theory i || g2 o
* predicts the axion :3 ‘_
00 100 0% A% 10° 100 00 A 10
Myyion(€V)
 various experiments (e.g. CAST, PVLAS, ADMX) search for
axions, which are also a potential dark matter candidate
Tim Gershon 6
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Precision physics with electric &
magnetic moments

» Electric dipole moments are CP violating

- essentially zero in the SM, but can be much larger BSM
with sources of flavour-conserving CPV

|d,| < 8.7 x 1020 e cm [Science 343 (2014) 6168, 269]

 Magnetic dipole moments are CP conserving

- sensitive to the structure of quantum fields
 Dirac predicted g, = 2 (RQM)
« Schwinger predicted a, = (g.—2)/2 = 0.0011614 (QED)

« a_now calculated to 10 loops in QED (PRL 109 (2012) 111807)
- a, =0.00115965218178 (77)
Tim Gershon
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Theory predictions Experiment

N\

JN 09 (e"e -based)
~301 £ 65 ——

DHMZ 10 (t-based)
197 +54 —A—

DHMZ 10 (e'e")
_DRO+ 40 —e—

HLMNT 11 (e'e’) :
—263+49 ——

BNL-EB21 (world average)
0+63 o

-7/00  -600  -500 -400 -300 -200 -100 0

=11
a, — a4

| New experiment at FNAL will reduce uncertainty by factor ~2
Tim Gershon : s 7
Fibb Ak BBy Improvements in theory uncertainties also anticipated
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B(S)O . |,,I+|J_
Killer app. for new physics discovery

* Very small in the SM 5 SM @b MM

- no tree-level FCNC

HYA”

- CKM suppression

- helicity suppression

~tan’p K

 Huge NP enhancement possible (tan p = ratio of Higgs vevs)
BR(B,»u"u ™ = (3.3+0.3)x10"° BR(B,~>u'u ™" o tan°p/M,

* Clean experimental signature

Tim Gershon 10
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B(S)O - U — analysis ingredients

* Produce a very large sample of B mesons
 Trigger efficiently on dimuon signatures

* Reject background

- excellent vertex resolution (identify displaced vertex)

- excellent mass resolution (identify B peak)
- also essential to resolve B from B.° decays

- powerful muon identification (reject background from B decays with
misidentified pions)

- typical to combine various discriminating variables into a multivariate

ClaSSIerr [ L T T T T r '

Q —C— .

. . . [a® r b

* e.g. Boosted Decision Trees algorithm e

0 b —0— .

= —O— E

107 —O—-—o— 3

F LHCb —Q——<}>— :

: 107 & Signal .
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S/(S+B) Weighted Events / ( 0.04 GeV)

B °— 'y

(S)

latest results from CMS & LHCDb

CMS PRL 111 (2013) 101804

CMS-L=5fb"\s=7TeV,L=20f" \s=8TeV
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B(S)O - Uy~ — combined results

DO 10.4fb "' :

CDF 10fb ' : . :

ATLAS 4.9fb "' .
preliminary

LHCb3fb ' F—H

R
CMS 25fb ' =  H

CMS-+LHCb
preliminary

T YT T TN N TN T N TR TN WO TN O T AT TN N O WO TN NN WO AN TN A RN TN N NN NN N
0O 2 4 6 8 10 12 14 16 18 20 22
B(B’—> p'u) [107]

B(B— 'y = (2.90.7) x 10°°
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B K*u'y"

* b sltl- processes also governed by FCNCs

- rates and asymmetries of many exclusive processes sensitive to
NP

« Queen among them is B — K*Ou+u-

- superb laboratory for NP tests

- experimentally clean signature

- many kinematic variables ...

— ... with clean theoretical predictions (at least at low g2)

ok 4
5

Tim Gershon
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Operator Product Expansion

Build an effective theory for b physics

- take the weak part of the SM

- Integrate out the heavy fields (W,Z,t)

- (like a modern version of Fermi theory for weak interactions)

- i quarks # ¢ LA
‘Cm-ll EW = (D) * JCl-it' — ﬁut-:n-ut'n \ & |.--|...-..J_~I ] T E Cnlp) @y

(2 n — local interaction terms (operators), (.Tr, ; — coupling constants (Wilson coefficients)

Wilson coefficients
* encode information on the weak scale
 are calculable and known in the SM (at least to leading order)
 are affected by new physics

For K*up we care about C_ (also affects b-sy), C_and C

Tim Gershon 16
Flavour/& /CRPV.
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Theory of B - K*u"'u~

* Given for inclusive b - sy*u- for simplicity

- physics of exclusive modes = same but equations are more
complicated (involving form factors, etc.)

 Differential decay distribution

a1 3 5 9. 3+ 2 g 241

5 — 2 [{l +cos” B) He(q®) + 2 costh Halg™) +2(1 —cos” &) He(q”)

dig=dcosty, B 4 |

\\ : w ! I‘\.x “ H-Jn-{rjrj] X Tr_,fj |:(f-1!_l + Tr1? @) T+ [-1;:'“] 1
AN M \I\x ’
\ - \ ‘ '
“\1 \ , . :
N\ O\ \ Ha(g?) o< —4¢°Cg (Eﬁu + 207 %) )

Hf.{ffj] X [{Eﬁlj + Tfﬁ?]j + Eﬁ.]_jlﬂ} .

This term gives a

Tim Gershon forward-backward asymmetry
_ !:Igvour &_CPV
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Candidates /[ 10 Mallic? ) Candidatas / [ 10 MaWic® )

Candidates /[ 10 MaV/c® }

Angular analysis of B® - K*°u"y-

[ LHCh 1.0%" % [ S |'.H-:;: |.;3b' ' ] LHCb JHEP 08 (2013) 131
o Gredezeeie 12 L eq<ddfelict See also CDF PRL 108 (2012) 081807,
- OSignal =t |
| meanane | 1 | : BaBar PRD 86 (2012) 032012,
a0 B Peaking bkg 1 ® 2 N Belle PRL 103 (2009) 171801,
Lt ] ATLAS-CONF-2013-038 &
=200 T, a0 " CMS PLB 727 (2013) 77
LHoo 1.0 &' :: i |l_H-:n L0k ' ] Theory M Binned
43 < < B.EE Gaviict 2 10,09 < of < 12,86 Gav ™ot 1',5' LHCb == CDF  -% BaBar -l Belle CMS
“ = ELE T — 7 v v+ v [ v r 1 11
a0 % (] i
3 < i
O
0 ' _ _ _ x .
= - |'|'|_,.:f':::l [ MeVic?] ’ rn,f:fa,,] | MeVic?] F“O :
LHCD 1.0 &' ;: i LHCB 1.0 &' ‘E -
14.18 < of < 16 GeV/c* E - 16 <o <19 Gevict O 0.5 —
40— — : 43-— — m - -
[ 1 5 | ] © s -
i 1 3 | k ] R i
20 - E ] A . | ]
[ 1 & [ ] ol v 0y,
2 t - WS PRY : 0 5 10 15 , 20
e ¢? [GeV?/c*]

Analysis performed in bins of dimuon

Tim'Gérshon invariant mass squared (g°)

Flavour/& /CRPV.
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Angular analysis of B® — K*°u*y-

LHCb JHEP 08 (2013) 131

See also CDF PRL 108 (2012) 081807, BaBar PRD 86 (2012) 032012,
Belle PRL 103 (2009) 171801, ATLAS-CONF-2013-038 & CMS PLB 727 (2013) 77

Theory M Binned Theory M Binned
-8~ LHCb == CDF  -%- BaBar -M-Belle -=-ATLAS CMS - LHCb -4 CDF  -% BaBar -B-Belle -=- ATLAS CMs

Un L B L B R R B B B B
0.8}

06f

0.4

0.2

20 & 5 10 15 20
g2 [GeV?/cH g2 [GeV?/cH

0

Theory [ Binned
-8~ LHCb —-#— CDF
7717

05f

o

05f

q? [GeV?/c*] q? [GeV?/c*]

Tim Gershon
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1 First measurement of

zero-crossing point of A_
q°, = (4.9 £0.9) GeV?/c*

Consistent with SM expectation

19



New observables in B® - K*°u*u-

LHCb PRL 111 (2013) 191801

Lch SM Predictions
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Future flavour physics projects

Tim Gershon
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LHCb upgrade

» To fully exploit LHC potential for heavy flavour physics
will require an upgrade to LHCDb

- full readout & trigger at 40 MHz to enable high L running
- “high L” = 1033/cm?/s (so independent of machine upgrade)
- planned for 2018 shutdown

e Physics case:

- “exploration” of 1st phase will become “precision studies”

- new opportunities for exploration open up (e.g. testing
consistency of CP violation in tree vs. loop processes)

Tim Gershon 22
Flavour/& /CRPV.
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LHC upgrade and the all important trigger

. higher luminosity
8 L dtereel (ST e B — need to cut harder at LO to keep rate at 1 MHz

Limitation is here

- lower efficiency
P ‘j
=
- ]
2
450 kHz 400 kHz L 25 . T .
ht u/pp = x
- E N wl}{ /
2 )
( Software High Level Trigger ) >
Introduce tracking/PID information, E
find displaced tracks/vertices g
Offline reconstruction tuned to e 1.5
trigger time constraints -
Mixture of exclusive and inclusive
\ selection algorithms J 1
5 kHZ Rate to storage
0.5
2 kHz u
2 kHz i 1 kHz .
Inclusive  Inclusive/ /0 nd . Already running here
Topological =LA DiMuon .
A/ %5 1 15 2 25 3 45 5.
Lumunosuty(m cm™s™

» readout detector at 40 MHz
« implement trigger fully in software - efficiency gains

Tim Gershon e runatL _upto 2 10%/cm?/s 23
Flavour & CRV inst
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LHCb detector upgrade

VELO Silicon Tracker Outer Tracker MUON
S5i strips Si strips straw tubes :
ps LRI S - almost compatible
Replace all Replace all Replace R/O
SPDVPS M3
Magnet RICHZ w4

1 ARICHI
- TT

Calo
PMTs
Reduce PMT gain,
Replace R/O

RICH Bl Central Fiber Option
HPDs fibers
Replace HPD, R/O Mew design and R/Q

24



LHCDb upgrade timeline

2011
- Letter of Intent: CERN-LHCC-2011-001
2012

- Framework TDR: CERN-LHCC-2012-007

» Endorsed by LHCC and approved by CERN Research Board (minutes)
» LHCDb upgrade features prominently in draft European Strategy for Particle Physics

- See also arXiv:1208.3355 for physics discussion
2013

- Sub-detector TDRs  « Now approved
2014-17

- Final R&D, production and construction

2018 (LS2)
- Installation of upgraded LHCb detector (requires 18 months)

Tim Gershon 25
Flavour/& /CRPV.
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http://cdsweb.cern.ch/record/1333091?ln=en
https://cdsweb.cern.ch/record/1443882?ln=en
http://cds.cern.ch/record/1499619/files/M-202.pdf
http://arxiv.org/abs/arXiv:1208.3355

Upgrade — expected sensitivities

Tvpe Observable Current LHCbH Upgrade Theory
precision 2018 (50fh~')  uncertainty
B! mixing 28, (BY = I ¢) 0.10 [1] 0.025 0.008 ~ 0.003
28, (BY = Ji fo(980)) 0.17 [10] 0.045 0.014 ~ .01
Ag(BY) GAx 1077 18] 06 =107 02=x107° 003 =107
Gluonic 255 BY = ¢o) 0.17 (.03 0.02
pengiin 23 (BY — KK (.13 (.02 < (.02
23 (BY — oK, 0.17 [15] (.30 0.05 0.02
Right-handed 23 (BY — o) (.09 (.02 < (.01
currents T BY — o) /T 5 Vi 1 % 0.2%
Electroweak  S3(B" — K™t p—:1 < ¢ < 6GeV7/c') 0.08 [11] 0.025 0.008 0.02
pengiin so App(BY = K*%utpu™) 25% [14] G % 2 % 7%
A Kptp—1 < g < 6GeV ) 0.25 [17] 0.08 0.025 ~ (.02
B(BY — atpu u™)/B(BT — K utu™) 25 % [16] 8 % 2.5 % ~ 10%
Higgs B(BY = utp~) L5x 107 2]  05x107" 015x 107" 0.3 x 107"
penguin B(BY — ptu=)/B(BY — ptp—) ~ 100% ~ 35 % ~ 5%
Unitarity v (B — DK ~ 10122 [10, 201] 4° (.9° negligible
triangle v (BY = D,K) 11° 2.0° negligible
angles 4B — J/yp K 0.8° 1] (.67 (.27 negligible
Charm Ar 2.3 % 1077 [15] 040 = 107 0.07 x 1077
CP violation Adep 21x 1077 0] 065 x 107 012 x 1077

Table 1: Statistical sensitivities of the LHCb upgrade to kev observables. For each observable the current sensitivity is
. . . : . . . . -1

compared to that which will be achieved by LHCDh before the upgrade, and that which will be achieved with 50fh™ by

the upgraded experiment. Systematic uncertainties are expected to be non-negligible for the most precisely measured

quantities.

« sample sizes in most exclusive B and D final states far larger
than those collected elsewhere
- No serious competition in study of B_ decays and CP violation

Tim Gershon
Flavour/& CRV.
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Other future flavour experiments

» SuperKEKB/Belle2 & SuperB
- B - 1v, Inclusive measurements, 1 physics, ...
» Rare kaon decays
- K+ 1w (NA62, CERN); KO- 1ovw (KOTO, J-PARC)

* Muon to etectron conversion (charged lepton flavour
violation)

- COMET/PRIME (J-PARC); mu2e (FNAL)

Tim Gershon
Flavour/& CPV.
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B - tv and charged Higgs limits

* Pure leptonic decays of charged B mesons very clean

- clean SM prediction
- clean effect of charged Higgs boson (2HDM or SUSY)

BR<B+—>I+V)SM _ G mp m12
8Tt

1-—| {2Vl ts BR(B"—>I"v)"™ = BR(B"—1"v)™

Belle PRD 82 (2010) 071101
>400F

G350} i
2300| &
250} 5
22002

o150}
L1100} 7
50F -
0:/./(.&.. A AAAAA
Tim Gershon 0 0.25050.75 1 78
_ Flf;lvour &_CPV EECL (GeV)

S



Replace short dipoles
with longer ones (LER)

. New beam pipe

KEKB to SuperKEKB @ uper

_<\ Belle Il Colliding bunches

— i ———— "

New superconducting
/permanent final focusing

& bell
cow quads near the IP

HHHHHIHE
ol

R

Add / modify RF systems
for higher beam current

Low emittance

Redesign the lattices of HER &
LER to squeeze the emittance

TiN-coated beam pipe
with antechambers

[NEG Pump]

[SR Channel]
[Beam Channel]

SR

positrons to inject

Damping ring ”—u\ﬁ___ﬁ -
s/

Low emittance gun

Low emittance
electrons to inject

Positron source

New positron target /
capture section

To obtain x40 higher luminosity



Belle Il Detector

and muon detector: T
Resistive Plate Counter (barrel outer
layers)
intillator + WLSF

- —

+ MPPC (end-caps,
) e

EM Calorimeter:
CsI(TI), waveform samp

\

Pure Csl + waveform N r
— tification
electrons (7GeVy—— % < agation counter (barrel)

> SRy O 1 19 Aerogel RICH (fwd)

2cm diameter

Vertex Detector
2 layers DEPFET + 4 Jayers
.DSSD

positrons
(4GeV)




Super

Schedule S i

70

60

Goal of Belle ll/SuperKEKB

T >
[IE=
© S 40
o.E
L E .% 30 We will reach 50 ab
£=22 in 2022
20
10 9 months/year
20 days/month
35 u I i i i I i i i I i I i i i
x10°" 8 Commissioning
6 starts in 2015.
>
'g = 4 Shutdown
v e 9 for upgrade
©EE >
a 32 | | | I I

Mo 2012 2014 2016 2018 2020 2022
Year

Peter Krizan, Ljubljana



The holy grail of kaon physics: K - 1tvv

—

Highest CKM suppression

SM branching ratios

(Brod, Gorbahn, Stamou; PRD83 (2011) 034030)

BRy <1011

/.811+0.75+0.29

2.43+0.39+0.06

of the s—d coupling: Mode
A ~ (Me/My)?| ViVa| ~ 23 K om VW)
KL—}JL 22

SM: box and penguin diagrams

5 W v S W d

SSwwwwwnw
u,c,t u,c.t

u, c, ti 1€, 1, T

d W ML:" v v

Tim Gershon
Flavour/& CRV.
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CKM parametric  Intrinsic
(mainly |V|)

Next generation experiments should
measure these decays for the 1% time

« K' > 1w (NA62, CERN)
e K% 1wy (KOTO, J-PARC)
* Proposals also at FNAL

32




NAG62 Technique: Decay in Flight

mﬂliii'.!' =(ﬁﬁ' _lﬁ:r)l

Kinematically Constraint Decays Unconstraint Decays
£ .
K —sx*n? in
5| ~92% of e £
E' Kaon decays E =
IJE K'—atatn E N
< | £
| {
I
P P %
L[k
v :
T TSN R ¥, S kTR Y L a— T T 01 0.5
mZ,., GeViic* m,,, Gevic

Tim Gershon 33
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NA62: K+ — ntv v in-flight ﬂﬂEZQ
@ CERN-SPS

SPS primary p: 400 GeV/c m

Unsepared beam: LAV:

* 75 GeVic Large Angle Photon Veto SAV

« 750 MHz CERN - 8 Small Angle Veto

* WK/p (~6% K*) Beam Line + Infra. EEHDD
rygl INFN Charged

Hodoscope

Gigatracke%‘;{}

Measure Kaon:

+Time l J
Angles ' Straw

*Momentum Decay Region 65m Tracker

I
Total Length 270m

im Gershon ' 34
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rrrrr

B L 1 ‘
£.15 m L=l Crysoal (KTeV)

135 o
Tim Gershon 35
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The need for more precision

* “Imagine If Fitch and Cronin had stopped at the 1%
level, how much physics would have been missed”

— A.Soni
» “A special search at Dubna was carried out by Okonov
and his group. They did not find a single K, ° - 1t*11-
event among 600 decays into charged particles
(Anikira et al., JETP 1962). At that stage the search

was terminated by the administration of the lab. The
group was unlucky.”

— L.Okun
(remember: B(K° - 11*11-) ~ 2 10-3)

Tim Gershon 36
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Summary

« We still don't know:

- why there are so many fermions in the SM
- what causes the baryon asymmetry of the Universe

- where exactly the new physics is ...
- ... and what it's flavour structure is

* Prospects are good for progress in the next few years

 We need a continuing programme of flavour physics
Into the 2020s

— complementary to the high-p, programme of the LHC

Tim Gershon
Flavour/& CPV.
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References and background reading

* Reviews by the Particle Data Group
- http://pdg.Ibl.gov/
 Heavy Flavour Averaging Group (HFAG)
- http://lwww.slac.stanford.edu/xorg/hfag/
o CKMfitter & UTfit
- http:/Ickmfitter.in2p3.fr/ & http://www.utfit.org/

* Review journals (e.g. Ann. Rev. Nucl. Part. Phys.)
— http://nucl.annualreviews.org

* Proceedings of CKM workshops
- Phys.Rept. 494 (2010) 197, eConf C100906

* Books
- CP violation, I.1.Bigi and A.l.Sanda (CUP)

- CP violation, G.C.Branco, L.Lavoura & J.P.Silva (OUP)

Tim Gershon
Flavour/& CPV.

S


http://pdg.lbl.gov/
http://www.slac.stanford.edu/xorg/hfag/
http://ckmfitter.in2p3.fr/
http://www.utfit.org/
http://nucl.annualreviews.org/
http://dx.doi.org/10.1016/j.physrep.2010.05.003
http://www.slac.stanford.edu/econf/C100906/

Tim Gershon
Flavour/& CPV.

S

Back up

39



b - sy rate and photon energy spectrum

Archetypal FCNC probe for new physics

L B A AL LA B B

—c Hy
_ } . Belle PRL 103 (2009) 241801

20000} | .

10000f | | .
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B(B—=X,Y)p .17 6ey=(3.45%0.15%0.40) x 10"

Hh I EEFHAN consistent with the SM prediction 40

A '?Vﬂﬂ:ifﬁv I\ ... but SM also predicts that the photon is polarised



b — sy photon polarisation measurement

« Search for time-dependent asymmetry

- Observable effect requires NP: left-handed current & new CP

phase
* -
. K*YScp vs Cep E Excellent prospects for LHCb with B_— @y
0.8 T T T
| BaBar NPB 867 (2013) 1
77 Belle
&0 Average e ———r—rrT—
“;;‘u 160 * Data
< 140 — Full fit
B{]
2 120 7 Y
-~ — = Combinatorial
g 100 —-B’> K'Kn°
A 8O e B— \'% 20 ¢
£ 60 o Ay ATY
“ 40
20 /:
%8 0.4 0 0.4 08 ( b liimana
Contoursgiue—a-itlnL)=Ax2=1:correspondingto60.?%CLfor2dof cP Stl | T T T T | |+| T T | T T T T I T I‘ T
OE | — 1 [ 1 =
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First measurement of photon
polarisation in b - sy transitions

 New LHCb measurement LHCb-CONF-2013-009
- uses B* - Kttty decays
- compare y direction relative to K+mtrt plane

= a0

Ao =005 01010 () 0008 Gy i

A , proportional to polarisation

(unfortunately, constant of
proportionality has large uncertainty)

Tim Gershon
Flavour/& CPV.

S
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Effective operators

1 _— '_. | — '_-'i..[_ E-; ! —_— ~
HH'H PR = V:G (’hi{ﬁl{ﬂjfﬂl']'{!f] + f’-‘:{;:"lf.?’_i{;ﬂ}
10

XL (CLQY () + C2()Q8 (1) = A; Y Cil)Quln))

i=3
where the ,h“‘ = V2V, and the operator basis is given by
gl © 14 A
() = Ho At g ()5 = Bt g i
1 — VLT WYy f.!a'*,r 2 — UL f,r f,r s
I, II - . R I
(Js = 'rf',r =y E '?,r f,urf,r Qs = 'rf',r yt Sy E '?,r Ty
'.__ II__,.!I || ||_‘|u
(s = 87 E :"er f.u"f,rf Qs = '5 '*,r E :'TH Tuldg
E" o ||'II NI E" o :-:I.f' .__ JI == O
J7 = ;b 8L fu"f,rf faa"f,rf Js = byt sy "u"f,rf fud g

[

i '1
(o = —f;:r"'“ s r-.l.r,r;_*_r,,,r,r‘r_ Q10 = —|rJ,r’ '“'?,r Zf u,-"f,r Ty
q
P

3 f- T — IH .I||' '|T H‘--'.IEI !
Four-fermion operators (except 0T = a0l =
. _ _ { h
Q,, & Q, ) —dimension 6 sy = ”J:ﬂ mybe gt 1::|.Pj ;15.;._

_ 1
Qov = Sbiy*st Iyl

Tim Gershon _ 1 )
Flavour & CPRV. f.:’nm — —ff'; .y "-:_.rl_ {,.r.#‘,.r.ﬁ{
M I\
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Future projects

pion decays

kaons

dispersion relations

hadronic matrix elements

chiral perturbation theory

lattice QCD

nuclear transitions : —
\ _ KLOE-2, NA62, KOTO

hyperon decays
tau decays -
neutrino interaction S -

charm

great progress in theory
anticipated

'e theories

bottom

duct expansion

Project X

T-charm factory

BABAR 'BELLE, LHCb >

Belle-2, SuperB,
LHCb upgrade _
W decays -

CDF DO ATLAS CMS D

Tim Gershon
Flavour & CRV

S

perturbative QCD

top
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