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No need for a summary ...

Godot and the New Physich

(or conference highlights: FPCP 2011 ... FPCP 2014)

... It was given 5 years ago!

Guy Wilkinson
University of Oxford

** Are we theme yet™” Crodot amd the MNew Phvsics

Cruy Wilkinzgn, FPCP(# l

""" Tim Gershon
\ Experimental outlook
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wathng for godot

Waiting for Godot — a parable for
the flavour physics community ?

Samuel Beckett's play (1949) a landmark of modern theatre.

Two tramps, Vladimir and Estragon, await the arrival of the
mysterious Godot. He does not come, although other sinister
characters pass through whom they mistake for Mr G.

They pass their time in meaningless activities and talk.

A play of existentialist angst focused on the futility
of the human condition...

...0r a parable of the search for new physics in the
flavour sector ?

(which in turn could be seen as a tale of existentialist
angst focused on the futility of the human condition)

Croddot andd the Mew Physics

16,/ 0 Cruy Wilkinson, FPCP (7 2

Ve <




More existential philosophy

Eric Daniel Pierre Cantona
b. 24 May 1966 in Marseille

“When the seagulls follow the
trawler, it's because they think
sardines will be thrown into the sea.”

In this talk, | will follow the trawler of exciting new

results, in the hope of catching some big fish

""" Tim Gershon
Experimental outlook
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“The absence of exotics is one of the most obvious

features of QCD”

(R.L. Jaffe hep-ph/0409065)

Tim Gershon
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“Exotic” onia-like states

e Several “exotic” onia-like states have now been
seen in >1 decay mode
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Z (10610)" and Z (10650)" seen in Y(1,2,3S)r” and h (1,2S)m"
Belle PRL 108 (2012) 122001 and arXiv:1403.0992
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“Exotic” onia-like states

e Several “exotic” onia-like states have now been
seen in >1 decay mode OR by >1 experiment

B —+— Data 70 :
— - _ = 60r — Fit
- . --== Background fit - L — Backaround
o 80¢ -.=. PHSP MC Q5o 9
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Z (3900)* seen in Y(4260) - Z (3900)T, Z (3900)* - Jiym’
BES PRL 110 (2013) 252001 and Belle PRL 110 (2013) 252002

i Gershan ... and others
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“Exotic” onia-like states

e Several “exotic” onia-like states have now been
seen in >1 decay mode OR by >1 experiment

40f
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Z (4430)* seen in B° - Z (4430)K, Z (4430)* - p(2S)1*

Belle PR D88 (2013) 074026 [following PR D80 (2009) 031104 & PRL 100
(2008) 142001] & LHCb arXiv:1404.1903
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“Exotic” onia-like states

 Some appear to have Isospin partners
BESIT

35

-------------------------- +a- 0
~ ' ete—n°2/(4020)—>n°n’h (1P)
30 - (a) ) _ - )
v Summed results at E_ =4.23, 4.206, 4.36Ge\
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M(Y (zs)x)max’ GeV/c 1'11,‘;-{-|u:ﬂ:um fixed to value of ['(Z> (4020)):
. Interference is neclected:
Z (10610)° seen in Y(5S) - Y(nS)m°m’ perrenice s negTecte N
b M(Z"(4020)) = 40236+ 2.2 +3.9 MeV/c’;
Belle PR D88 (2013) 052016 Significance : > 50.
| BESIII new PRELIMINARY
Tim Gershon 10
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| essons from exotica

 The Z(4430) seen by Belle in 2007 is confirmed °
- ... but it could easily not have been ‘0'2;
— No substitute for thorough amplitude analysis 04f 3
- Must demand same rigour to confirm other claimed states Y ST N

0.6 -0.4 -0.2 0 0.2

- What is correct description of these states? Meson molecules, Rer?
tetraquarks, hybrids, something else?

- n.b. Care needed with language — premature to claim tetraquark observation
- Mixing with conventional states (e.g. X(3872)—x.,(2P)) allowed
- Do meson molecules warrant the adjective “exotic™?

 Many more studies needed to clarify picture

- Since we have charged onia-like states, why not also neutral charmed-strange
(or charged beauty-strange) states?

Tim Gershon 11
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Open flavour spectroscopy

Looking forward to many more new discoveries and

preuse measurements of masses Wldt

o
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QCD and the CKM matrix

2014

the strong interaction can be seen either as the “unsung hero” or the

“villain” in the story of quark flavour physics

l. Bigi, hep-ph/0509153

Tim Gershon
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V. _Inclusive vs. exclusive problem

Over the last ~5 years, a discrepancy between inclusive and exclusive
determinations of V from semileptonic B decays has emerged

PDG 2006
Vip| = (41.7£0.7) x 1077 (inclusive) V| = (4.40 £ 0.20 £ 0.27) x 1073 (inclusive),
Vo = (40.9+ 1.8) x 1077 (exclusive). V| = (3.84 +H 2{}) x 107 (exclusive).
PDG 2013
V| = (42.4 £0.9) x 107 (inclusive) V| = (441 £0.15 F H il} x 107 (inclusive),
Vip| = (39.5 £0.8) x 1077 (exclusive) V| = (3.2340.31) x 1077 (exclusive).

n.b. Significant progress in lattice calculations helps reduction of uncertainties in
exclusive determination (together with new experimental results) — also for V_

Understanding this will involve a great deal of effort,
but is essential for continued progress in the field

Tim Gershon
Expenmental outlook
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Inclusive vs. exclusive in b — sl*I”

Is a similar tension emerging in b - sl'lI” decays?

M. Patel @ Moriond EW
BaBar arXiv:1312.5364 Data from LHCb arXiv:1403.8044
& B SM Kptu SM K (@uw Cy'=-15 EOS*
NO 2; Dar)(iv:l306.0434 Darxiv:HleSS? - Eil')()i\’113075633
% 15_ ) : ) lfb'l BF(BU ¢ + )
S 7 i High S
~ T N L 2 )
® - = . q Lfb BF(B— K utw)
805: E . reglon
cfg 0F onA : 3fb" BF(B*— K ™)
° b = NI ;1
o1 15 20 B | 3" BRB"— Kouty)
blue e'e” Q2 (GeV/c?)? ;M S
black p™y~ \ 2| 3! BRB'—Kww)
red average M W - |
histogram theory (120%) ! asurerlﬁsﬁ:nt /SN[2 Jll‘r-l[lé(rivl‘ltlxl);1(5“()515(?)?098
T R L L S R B S S S B T TR | E LA L A S B S S R '\ B B R B
T F LHCb B—=Ku'w ’ 1 ™ F LHCb B—okup'\y ] : :
0.5k + - 0.5k - ISOSpIn
B ++ N ' | | asymmetries
-+ + T 5 5+++ + T——1| consistent
Tim_Gershon 0 ER ] with SM 15
Experimental outlook E E
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Lepton universality

Essential to understand strong interaction
effects, otherwise potential new physics o
signhatures have too much room to hide

Excess of B . D%ty relative to D®uv & D*ev
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BaBar PRL 109 (2012) 101802 & PRD 88 (2013) 072012
New Belle/LHCb data urgently needed!
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Y /\/ Expetimental outiéok b - clv background shapes BE - D5,
o e BB 0w

T
% 1 1.8
] + + [pg | [GeV)
1 ¢
wﬁ ++'F‘h-|-l- PR

[+] -]
M 1G3EY 7]

P i P T

; ] Backgroansd



Aside on the T lepton

* T lepton an increasing important tool for new physics
searches

~ (semi) leptonic B&D decays B - 1v, D, - 1v, B - D®™1V
« and hopefully B - K®rt, B, - TT soon
- T lepton flavour violation searches
- Higgs & Higgs-like decays H - 11, A° > 1
 New T lifetime measurement
Belle PRL 112 (2013) 031801

Entries / 10 pm

(1) = (290.17 £ 0.53(stat.) £ 0.33(syst.)) fs

provides strong test of lepton universality

Tim Gershon
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The B - K1t puzzle

« QCD may also be a cause of apparently
anomalous CP violation effects

AAH(KTD) = Acp(KHTT7) — Agp(KHTT0) £ 0

—0.082 £ 0.006  +0.040 = 0.021 HFAG averages
e.g. LHCb PRL 110 e.g. Belle PR D87 most precise single
(2013) 221601 (2013) 031103 measurement

* Look for similar effects in K*t & Kp systems
* Exploit U-spin symmetry
- B%= B0, K*'TT- o TT*K-, K*K- o TU*TT-, D*K- o D*TT-, etc.

A huge number of U-spin based tests are possible
| Better quantification of U-spin breaking effects
Tim Gershon needed to best exploit them E
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The B - K1t puzzle

« QCD may also be a cause of apparently
anomalous CP violation effects

AA - (KTT) = Ao (K TT-) — Ao(K*TT0) # 0

—0.082 £ 0.006  +0.040 = 0.021 HFAG averages

e.g. LHCb PRL 110 e.g. Belle PR D87 most precise single
(2013) 221601 (2013) 031103 measurement
* Look for similar effects in K*t & Kp systems
: K*TT —-0.23 £ 0.06 —0.39+£0.13

Interesting pattern e.g. BaBar PR D83 e.g. BaBar NEW PRELIMINARY
emerging? Need (2011) 112010
new results from

Belle & LHCDb Kp +0.20 + 0.11 +0.37 £ 0.11

e.g. BaBar PR D83 BaBar PR D78 (2008)
(2011) 112010 012004 & Belle PRL 96
(2006) 251803

Tim Gershon 19
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CP V|0Iat|on IN B - 3h
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How large can CP violation in D be?

LHCb arXiv:1405.2797

BaBar =06p New results give world
| averages of |A_(K'K)| -
= F togr— —_ -3 :
Belle prin NGRS, s : AT ~ 107, with
- -0.2F 1 opposite sign, as originally
prelim. (pion tagg .
o 0.4 : expected.
LHCb (muon tagged) -0.6: & . . .
ot ) : : (CP violation effect not
Wogld average R 5 ; significantly non-zero)
PN [ TR T TN TN NN T T TR T | 1 L 1 —L EE— EE— —
1 0 1 o
AAcp [P] — (a) ' —
_ 3 - b
See also Belle arXiv:1404.2412 £ - f LHCh 3
g “ - PRL 111 (2013) 251801
Much stronger < b T SR
ConStralntS on |q/p| &' (pD D;-- ;“[JJ—CPZallowed _i
: B oot » No direct CPV 4
assuming no DCPV, but = e NoCPV
still room for NP effects in - © { PR
charm mixing | - U :
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CDF+DO0 arXiv:1402.5126

s-channel single top quark, Tevatron Run I, Limt <9.7fb

Measurement _ Cross section [pb]
CDF I+jets ie— 141704
COF £+jets —— 12
CDF combined e 1.36%0%7
DO /+jets . 11093
Tevatron combined e 1.29 22

Theory (NLO+NNLL)
1.05 £ 0.06 pb [PRD 81, 054028, 2010] §

0 i 2
m,,, = 172.5 GeV Cross section [pb]

s channel production observed
tW channel observed by CMS (arXiv:1401.2942)
& ATLAS (ATLAS-CONF-2013-100)

Tim Gershon
Experimental outlook
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Event fraction

Top

CMS arXiv:1404.2292

Measurement of B(t - Wb)/B(t - WQ)
from tt production with dilepton final state

1c:lms, \s=8TeV, [Ldt=19.7 fb"
R

—_——— 3CMS,ks:E!TeV,det:ﬂl.?fb“

T N e 2
£ l:l =0 b-tags < r I ‘ - ‘ - || r /A."
09 i oM S 30000 E §
r =1b-t - B
¢ -1t 9o [\ f. Pk
C =2bt ! 25— —
08F O ags 4 20000
E []=3bags K H
0.7F E 15000 E
e - =4 b-tags "\-, E
E 2 _*\; 10000 ;
0'5: S \ 5000 //
\ :

0.5: 1 2 3 4 E
= b-tagged jet multiplicity /i

0'4: —— combined /

E ee /

0.3 §
E — — up

0.22 \-: st
ol % v E
£ . o & ]
% oz 04 os s N N2 TR S T T
- - . - : 0.94 096 0.98 1 102 1.04 1.06 1.08
R=B(t—Wb)/B(t->Wq) R=B(t— Wb)/B(t— Wq)

V. | >0.975 @ 95% CL

Most precise value but assumes CKM unitarity

Measurements based on single top are catching
up (e.g. CMS JHEP 12 (2012) 035) and are not
systematically limited

23



AFB

tt asymmetries

DO arXiv:1405.0421 ATLAS+CMS TOPLHCWG
035~ D@ 9.7 ATLAS+CMS Preliminary \s = 7 TeV
B o -7 TOPLHCWG ~ March 2014
0.3_— + Data /,,z
s (stat) (syst)
0.25 -
- MC@NLO Y e CMS ——e—1— 0.004 + 0.010 + 0.011
0.2— R [PLB 717 (2012) 129]
0.15 B L7 f A ATLAS b 0.006 + 0.010 + 0.005
L . [JHEP 1402 (2014) 107]
0.1~ e ATLAS+CMS H—e— 0.005 + 0.007 + 0.006
P e Theory (NLO+EW) 0.0115+ 0.0006
| L | 1 | . 1 [JHEP 1201 (2012) 063]
0.5 1 15 2
| | |
|Ay| 20.05 0 0.05
A
AFB = (10.6 £ 3.0) % C
Consistent with Standard Model No significant asymmetry seen at LHC
Forward-backward asymmetry can be Forward-central asymmetry in pp collisions
measured at pp collider probes similar phenomena
Tim_Gershon 24
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sm(zs) =sin(20,) e

The UT angles

PRELIMINARY
BaBar 0.69 £ 0.03 + 0.01
PRD 79 lzoog,. 1072009 ;
BaBar 3 . K. i 0.69+0.52+0.04+0.07
PRD 80 lzoog,. 112001 L
BaBar J/y (hadronic) K.. : 1,56+ 0.42+0.21
PRD 69 (2004):052001 - i ;
Belle i i 0.67+0.02+ 0.01
PRL 108 (2012;1?1802 ; :
ALEPH : e 0.84 9% +0.16
PLB 492, 259 (2000) T :
OPAL 1 : P 3.20 110+ 0.50,
EPJ C5, 379 (1998) i :
CDF ! : n.79 04
PRD 61, 072005 (2000  : " [* o
LHCb ‘ : B ; 0.73+0.07 £ 0.04
PLB 721 (2013) 24 : :
Belle5S ‘ ; : 0.57 £ 0.58 + 0.06
PRL 108 (2012) 171801 I 1"
Average : : 0.68 1 0.02
HFAG :
-2 -1 0 1 2 3

Latest results on sin(23)
LHCb PLB 721 (2013) 24

Tim Gershon
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Latest results on a (1T°117) 5 I LHCb }
BaBar PRD 87 (2013) 052009 08 ‘ prelimimay -
Belle PRD 88 (2013) 092003 | - ]
LHCb JHEP 10 (2013) 183 ol I | |
045 G530, -
o (i) i | ]
BaBar PRD 88 (2013) 012003 *© . /| :
] 0073030 60 0 100 120 140 160 180
oo " T Sep s Cep % Y [°]
0 I — I“""""j"_"_"j“I"'BaBar'g“—
2 e Latest results on'y

Average | LHCb-CONF-2013-004

| LHCb-CONF-2013-006

08 06 04 02 cj> 25

SCP

Contours give -2A(In L) = 1‘.7(2 =1, corresponding to 60.7% CL for 2 dof
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LHCb 1.0fb~™ + CDF 9.6fb "+ D@ 8fb~ + ATLAS 4.9fb"
‘_‘l—| 0.25 __| T T T ’I"I T r\: T T [ T T T T [ T T T T [ T T 1T 1:
| - DG el -
A - N ]
= 020 .
" N 68% CL contours
— 5 ! (Alog £ =1.15) 7
Q 0.15_— ' LHCb ]
0.10 e N ;@'@ombined —
o ‘CDF sM | .
0051 S /ATLAS ]
0'|.. |...|-. ----- .'l:...l....l...ll_
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
¢S5 [rad]

Consistent with the SM

World average not yet including full

Run 1 dataset resu

ATLAS (& CMS to come?)

lts from LHCb &

Tim Gershon
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Semileptonic asymmetries

)

0,011
a
< I
0
-0.01 & """ """"""""""
— See also Belle
. ’ ’ PR D85 (2012)
071105
HFAG
Spring 2014 : .
| | | : ; |
-0.02 -0.01 0 0.01 ,
Ag (B")
k

. DO PR D89 (2014) 012002
Tim Gershon
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ates / { 0.2 ps)

Pull

Candidates /( 0.2 ps)

Pull

Ayi=1 Could tension be due to non-SM Al'd’?

(PR D87 (2013) 074020)

10

1

10°

LHCb JHEP 04 (2014) 114

JE‘ .
-l-:- * y .
o bt L uumh. ik Hh i
Sk RO + ..... mhy { }} ......... BRI }.H ......
4F . ] E
5 10
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1o
10t BN LHCb
) BY — Jjl
10
10 o
A . -
1'_,; {{ +lm£ I*J}{{ J l+ ...... } } P— I “ P
5 ?” ‘.{TT_]. .1. .17.}.1? .f.'r.T.*}t{. i 1.'. .E. .T.'.T_
AE

5 ];:I
t [ps]

| hope so, but latest measurements don't
show any discrepancy (errors still large)
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BR(K, — n'v¥)
BRgp(K, — 7€)

BRgp(K, — p*u) “—— Re

charm
M 62 LAV RICH MUV
v L Large angle photon vetoes| |RICH u/zID| |u veto
& Vd OPAL lead glass 1 atm Ne Fe/scint
K_A—u
CHANTI 1 l
KTAG Charged I I | | [ ‘ ‘
Differential Cerenkov| |yeto | I I I I '
for K7 ID in beam
y vet
| Fiducial volume ~60m r 20
I e w1075 mbar RC Al
-jE )-__ ____:_ﬁ_$____l.-_'.ﬁn___.__._................._._ ........................ :_._. —
N e [ | 5 MHz K* decays T
/ |y vetol
B_earn tracking ] | | | | | ) SAC
Si pixels, 3 stations | l ‘ |
GIGATRACKER l :
—_—
Dipole spectrometer Forward y veto
4 straw-tracker stations NA48 LKr
STRAW LKr
0 50 100 150 200 250 n

Ve <

e KOTO completed detector construction for 1%t physics
run and took physics data in May 2013

e Original goal: to cross the Grossman-Nir limit
e Achieved: ~4 day run with 24kW beam;
accumulated ~1/5 of planned POT

e We are now analyzing the data, expecting we can
improve KEK-E391a upper limit.

® Preparation for next-level physics run is also underway.
e Fabrication of Inner Barrel, etc...

From J-PARC PAC meeting Sept.2013
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Tim Gershon Updated results confirm earlier evidence from LHCb 29
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B(S)O - Uy~ — combined results

LHCb-CONF-2013-012
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Next: « Search for B°- p"u” and measure B(B® - u'u7)/B(B_° - p*y’)
« Measure effective lifetime for BS°—> N
Tim Gershon . Search for other leptonic decays (e.g. B’ - T'T) 30
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Angular analyses of B® - K*uu-

LHCb JHEP 08 (2013) 131, CDF PRL 108 (2012) 081807, BaBar PR D86 (2012) 032012
Belle PRL 103 (2009) 171801, ATLAS-CONF-2013-038, CMS PL B727 (2013) 77

Theory M Binned Theory M Binned

- LHCb -« CDF -%BaBar -B-Bele -—= ATLAS CMS -8 LHCb =4 CDF -¥BaBar -l-Bele - ATLAS CMS
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0
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o e i B M | A
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Good agreement with SM in most,

q2 [GeV?/ ¢4

SM Predictions

but not all, observables.
Improved measurements needed.

Reduced QCD uncertainties, but by
how much? More theory work needed.
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Charged lepton flavour violation
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Data from Daya

Bay, RENO, T2K,

MINOS, Double
Chooz, etc.

| NUFIT 1.2 (2013) |
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Exciting prospects for CP violation
but watch out for non-Gaussian errors

- Tim Gershon
Experimental outlook
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Other fitting groups are available

Neutrino oscillations

www.nu=-fit.org
| NUFIT 1.2 (2013) |
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Are there sterile neutrinos?

Hints from LSND, MiniBooNE, Gallium & SBL reactor expts.

No sign of excess in
same sign leptons for
v mass of
O(1 GeV) at LHCDb
or O(100 GeV) at
ATLAS/CMS

2 10'F < R\ =
10'} g =l s & <
3 I O
— I"l‘ =1
—
5} 1| S
— wl 0 -
ol ml.{ﬁ
% - | B
— 10°¢ eore—— 5] £ 100}
g 2l C:fé"
]
5 §= : MiniBooNE v
' LI =
Sl al[wm
O + | w8
07 A » %
95% CL | gl 107 F99% L, 2 dot -
1073 102 10! 10-3 1072 10!
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However: e sterile neutrino models fail to explain satisfactorily all the experimental data:

Requirement (3+0) (2+2) (3+1) (3+2) (1+3+1)
Ordinary neutrino oscillation data OK NO OK OK OK
v, — 1. SBL reactor & gallium data NO OK OK OK OK
v, = .. LSND & MB v data NO OK OK OK OK
v, — .. MB high-energy v data OK POOR POOR OK OK
v, — .. MB low-energy excess NO POOR POOR OK OK
v, — 7v,. disappearance data OK OK NO NO NO
Constraints from cosmology OK NO OK NO NO
Tim Gershon M. Maltoni @ Moriond EW 35
_ _Experlmer_lta_l outlook JHEP 05 (2013) 050
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Are neutrinos Majorana?

EXO-200 arXiv:1402.6956
See also KAMLAND-Zen PRL 110 (2013) 062502
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Tim Gershon
Experimental outlook

No strong evidence as yet
... but new results appearing
and new experiments coming
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Are neutrinos Majorana?

One more order
of magnitude In

From arXiv:1310.6218
(Many other similar plots exist)
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Tim Gershon
Experimental outlook
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Further improvements from “direct” mass 37
measurements and cosmology also expected
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Future experiments

NAGZ

ayer Physics

d F
\Y,
ba
/ LONG-BASELINE NEUTRINO EXPERIMENT
’ AT SANFORD UNDERGROUND LABORATORY
I I S \Y)

Tim Gershon
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... plus many others
discussed at this conference,

and some that weren't
38




Future circular colliders
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 Future circular collider (FCC) study
ongoing at CERN
* pp, ee, ep & heavy ion options
e e'e” esp. interesting for flavour physics

TeraZ gives O(10%) Z events in 1 year
B(Z - bb, cc, 11) ~ 15, 12, 3%

* Similar studies elsewhere globally (e.qg. Need thought about what can be done
China) with these samples:
e.g. <10% precision on B(B_- 1)

(Obviously good prospects for

top physics at these facilities) 39
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Srayer Physics & CP Violation
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Conclusion
* (Flavour physics and) CP violation o,
studies just getting started ... ity
« EXciting prospects for progress in

short-, mid- and long-term KEEP

 LHC(b), NA62, KOTO
e Belle2 + LHC(b) upgrades CALM

CP ap ENJOY...

» g—2, MEGIII, p2e, COMET, ... LHFE BEGINS

. LBNE, Hyper-K, PINGU, 0v2p, ...

Tim Gershon
Experimental outlook
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X(3872) Is not a pure DD* molecule

40

30

20

10

Candidates /(15 MeV/e?)

DI_III

M (251 +

o R S i Tkt el ek Bkl A5F 2L SRT-VAT.
5.1 5.2 5.3

1000 -

500

Candidates /(10 MeV/e?)

40 400
':z - ]]} . ,:t
S wp LHCb ;*~ 200
:? 203— :5: 200
E 10?— :% 100
. 3.9 o 3.7 3.8 3.9 4
My (28)y [GeV /7 My
" BaBar 2009
Ratio of b}aﬁchlng M Belle 2011
Of LIJ(ZS)V and J/l'IJy decays LHCb Preliminary
(both seen in B - X(3872)K) y .
s DAEAICHONS fOT pure c¢ state
Where is the orthogonal partner? prediction for pure DD* model
predictions for admixture of cc and DD*
TI m G e rS h O n TS A S 0 S S o i S
Experimental outlook : | L L Lo
I R

1500, LHCDb arXiv:1404.0275
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The holy grail of kaon physics: K - 1tvv

—

SM branching ratios

Highest CKM suppression (Brod, Gorbahn, Stamou: PRD83 (2011) 034030)
of the s—d coupling: Mode BR,, <10
A~ (M/Mo)IVEV.L] ~ A5 K*—>n*vv(y) /7.81+0.75+0.29
(me/mw)"[VesVial K >mwW 2.43+0.39+0.06
in di {
SM:ﬁ box EII'!d penguin d!agran:ls CKM parametric E;trinsic
L v L W 4 (mainly [V, |)
u,c,t u,c,t
u, c,t €, L, T
( W M.r,:“ v v

Tim Gershon

Experimental outlook
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Next generation experiments should

measure these decays for the 1% time
« K' 511w (NAG62, CERN + ORKA, FNAL)
e K% 1wy (KOTO, J-PARC)

43




B -y
Killer app. for new physics discovery

SM - MsSM .

5

Very rare in Standard Model due to
« absence of tree-level FCNC
* helicity suppression
e CKM suppression
... all features which are not necessarily
reproduced in extended models

HYA”

b W g |
? ~tan’p b
B(B - p'u)™=(3.2+£0.3)x107  B(B_- p'p)"" ~ tan°B/M*
Buras et al, EPJ C72 (2012) 2172
N.B. Should be corrected up by 9% since measurement is of
the time-integrated branching fraction (PRL 109 (2012) 041801)
Tim Gershon 44
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Impact of B_— p'y"

2.0

Informal and uwnotficial compilation

Modified from D. Straub - Nuovo Cim. CO35N1 (2012) 249
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""" Tim Gershon 45
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New observables in B® - K*°u*u-

LHCb PRL 111 (2013) 191801

Full angular distribution (B° and B° averaged):

(1 — Fy) sin” 0 cos 26,

1 1T 3 [.“i

. =—— |=(1 = Fy)sin® 0 + Fj, cos® O 4
dl fdg? d cos By d eos by dopdg? 327 |4 _ ]
2 i 1 s _:I - _:I i
FL cos™ By cos 26 + 59851n° Gy sin” By cos 20
bS5y sin 20 g sin 26 cos ¢ + Sy sin 20 sinfy cos ¢

e |

gy . 3 S . .
oS sinT O cosfy + S;sin 20 sinfysin o

1 - i - i = il " _: " _:l . F
F oSy s 20 sin 20y sina + Sy sin” By sin” #p sin 20 ] .

Previously measured by LHCb (JHEP 08 (2013) 131) F, S,A_ ~S_, A ~ S,
New analysis measures remaining terms, but in a basis with reduced form-factor uncertainty

Dj=4,5.7.8

VL1 — FL)

Key point is that each observable corresponds to a different angular distribution
Therefore each is sensitive to different combinations of operators —
enhanced sensitivity to possible sources of new physics

Tim Gershon 46
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\

Top FCNC
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Tim Gershon
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CMS-PAS-TOP-14-003

See also ATLAS arXiv:1403.6293
for limitont—qH (H-vyy)
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Future experiments
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ayer Physics
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b S
/ LONG-BASELINE NEUTRINO EXPERIMENT
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... plus many others
discussed at this conference,

and some that weren't
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