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CZ2A PREAMBLE

= Flavours physics used to be a strong asset of the DPhP
v Kaon experiments: CPLEAR, NAxx and consorts
v B-factory BaBar

= No physicists from the DPhP currently involved in any flavour
(quarks and charged leptons) physics dedicated programs

= Thus, made a broad panorama of the field.

Overview
v Charged lepton flavour violation
v Muon anomalous g-2
v Flavour in Kaons
v Heavy Flavours



CHARGED LEPTON FLAVOUR VIOLATION

SM LFV due to neutrinos masses = B( J — Xirv ) = 10-54!

u—ey @ MEG (PSI) T — XLFv
Best B <4 1013 (MEG) Colliders !
MEG-II (2019-2021) 10-14 NP could couple more to third family (i.e. H* ...)
Current best limits 0(10-8) B-factories!
u—eee @ Mu3e (PSI) Good prospects for Belle-11 / ee colliders: 0(10-10)
Best B <4 10-12 (SINDRUM) LHC: mostly ¢ — pup
Phase 1 (2019) 10-15 ] 90% CL upper limits on = LFV decays
Phase 2 (?) 10-16 I M S *H-
uN—eN RANRRNARRAD AARENPNRRNAD AN
Best Ry <7 10-3 (SINDRUM) 106~ - L
=> aim at Rye < 1017 i | SEBEP PYRRSI
Mu2e @ FNAL: (starts 2022) e LT 4[]
COMET @ JPARC Tt SiSSARRARREY 3RS
v Phase 1 (starts 2019) 10-15 ARNREE SN RNE RN ARRRR AR ALY SR YRARRA NN
v Phase2(?) 108 S e

¢ ATLAS 4 BaBar CLEO(® LHCb



8-field B-field

CZ@ MUON G-2 __§ % F.i "

“Dirac Interaction” QED “Schwinger Interaction” : )
g=2 (g-2)=a/nt BSM SUSY interaction

Muon anomalous Magnetic Dipole Moment : a 15 years sagal!

ayEe21 - g,SM=1309 £ ( 63 exp. ® 42nvP ® 39bL ® Tweak ) X 10-11 | ~ 3-4 0 discrepancy

= reduce Oexp by 4 (dexp = 0.14 ppm) 5-8 ¢ discrepancy! Major milestone

= E989 @ Fermilab
Same strategy as E821 with 20 times more statistics Fnal muon storage ring now operating
First stored beam in May 2018! A i
First results by 2019 (5 = 0.50 ppm) :
Final result 2020 : 6 = 0.14 ppm

= J-PARC strategy

Use ultra-cold muons
= higher and more homogenous B-field
Start 2020, proof of concept = & = 0.50 ppm



FLAVOUR PHYSICS IN THE QUARK SECTOR

Flavour changes in SM: W interaction and CKM matrix

Flavour physics goal
= Measure CKM parameters using tree level theoretically clean observables

Check unitarity!
= Measure SM loop-mediated processes
NP physics could have a sizeable contribution vs SM Unitary triangle (UT)

Can probe very high NP energy scale A\ L of 1st and 3rd columns of Vckm
1-5lllllll[l!llllalllllllllllllll

excluded area has CL> 0.95 . ‘%‘

CNP (6 : A\
Eeﬁz»CSM‘i‘F ,-(j) of U

Vud Vus ‘/ub
Vekm = | Vea Ves Vep di ;
‘/td ‘/}JS ‘/}Jb -1.0; Y eK—f

- Em

sol. weos2p<0
{excl: at CL > 0.95) —

_1-5]IIlllllil]lllllIlIIllllllll
-1.0 -0.5 0.0 0.5 1.0 15 20
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C2A KAaON PHYsICS

/ /

K [theo] = (1.1 £5.1) x 10~* VS Z—K lexp] = (16.6 £ 2.3) x 1072 3 0 discrepancy
€K K

¢'/e prediction difficult... but lattice progressing

Current hype K — st v v with robust SM predictions
(but several other interesting observables)

Kt - ttvv : Bsm=8.10-" KOTO / NA62 constrains
NA62 (CERN) with 10% accuracy (20197?) L L L L L BB =

excluded area has CL > 0.95 |, K Smvw (NA62)

1.0

KL— mvyv : Bsm=3.10-"

KOTO (J-PARC) with 10% accuracy (?) 0.5
Phase-1 (2021) aim for single event sensitivity (B < 10-10)
Phase-2 ( after phase-1 :) 100kW J-PARC p beam

llllllllll

(th. uncenainly)\i\‘
H Phase 2
Phase 1 / -

|

I= 0.0

IIIIIIIII|IIII|IIII|IIII|IIII

-0.5 7]
KLEVER (CERN)? 2026-2029, KOTO competitor. 10 -
Expression of Interest to SPSC (spring 2018) ' = | ve stud K ]
Opportunity for the DPhP ? - roiSpeCt'V? - oln rare laons ]

TS0 s 0.0 0.5 1.0 1.5 2.0

p 6



CZ2A HEeAvyY FLAVOUR - MAIN ACTORS g

I B-factories era over: Belle BaBar

B BESIII still taking data (charm physics)

= potential High Intensity Electron Positron Accelator in China (HIEPA) to
take over BEPCII

B The grown up: LHCb

¥ New kid on the block: Belle-ll
= Physics data-taking: 2019



C2A HEeavy FLAVOUR - CP VIOLATION

. eff, . eff
Precision era! One example sin(2B”") = sin(2¢;") EEEH

i b—ccg WorldAyerage ~ ° R f 7 0.69+0.02
Compare CP asymmetries S il e i
i Belle : . — 0.90 *0%
b—qqs b—ccs D Averagel e e 07
. - BaBar : —— . 0.57+0.08 +0.02
loop-mediated vs tree level X Belle | I 06840072003
o Averagei ot : 0.63+0.06
— i X" BaBar ¢ A d————0.04 *021 + 0.06
PrOblng NP " Belle = * ' 0.30+0.32+0.08
X Averagel el 0.72+0.19
° BaBar :  0.55+0.20+0.03
_ _ X Belle +- i 0.67+0.31+008
Everything consistent but: |5 Averagel A 0.57£0.17
., BaBar ! §.35 537+ 0.06 + 0.03
_ o o X Belle 0.64 *312+0.09 +0.10
= Penguins limited by statistics | > Averagel | v | B 054335
: | " BaBar 0.55 “02g + 0.02
= Penguin modes tough for LHCDb ! Y Belle | | 00+£0.2.£005
(fully hadronicorme) | .7 . JAverager . o' e NI 0714021
., BaBar *-'— : 0.74 7312
X Belle - ; 0.63 1315
T Average :HOGQ
b BaBar T ! 0.65+0.12+0.03
\¢ Belle 5 0.76 *5:1a
% . Averaget . . %M. i . 068%%
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6



Usually semi-leptonic decays used to measure Vxx

B semi tauonic decays disagree with muon/electron!

S~ I T 1 1 I 1 1 ) T I I I
* i BaBar, PRL109,101802(2012) _
R( X ) —_ B(B_>XTV) ) 0.5 - ——— Belle, PRD92,072014(2015) Ay’ = 1.0 contours .
- (o u LHCb, PRL115,111803(2015) . m
B (B — X v ) 045 = Belle, PRD94,072007(2016) e=== SM Predictions .
""" F = Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) .
[ ——— LHCb, FPCP2017 R(D)=0.299(11) FNALMILC (2015)
04— B Average R(D*)=0.252(3) S. Fajfer et al. (2012)
About 40 discrepancy! o B ]
035 _ T do —
= LHCb only R(D*) LE l l { g E
0.25 = i
tan? 3 » 0.2 - | FPgP2017':
HZIDM — gaM (1— = i 2) ol T T N B
My 1T me/m; 0.2 0.3 0.4 0.5 0.6

R(D)



C2A HEeavy FLAVOUR - RARE DECAY

Precision era! Again look at loop induced processes

CMS and LHCb (LHC run 1)
e

G161 L S B S R B B

% - —4— Data 3

= 14 :_ —— Signal and background _:

? .. [ ] 8% wu =

Bsia — ptu- Bsm = 3.6 10-° > 2g T # o ]

é 10j - Com_binator‘ial bkg. _t

MSSM could give very large deviations S 5k A L g - 3

O [ ll‘ —

. 61— : —

Bcms+LHeh / Bsm = 0.76 £ 0.20 & E <'> | + E
; NI

0":':'::.::&4“ SR — ! | I -
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C2A HEeavy FLAVOUR - RARE DECAY

Precision era! Again look at loop induced processes

CMS and LHCb (LHC run 1)
LI R R

g6 L e
% - —— Data =
= 14 - —— Signal and background .
— g oF [ B> ww =
Bsia — ptu- Bsm = 3.6 10-° = zp [ 5 E
é 10j - Com_binator‘ial bkg. _t
MSSM could give very large deviations S ok A L g - 3
O . ]
\ 61— ’ R ;' —
Bcms+LHes [ Bsm = 0.76 £ 0.20 & £ <|, L] | + E
R U ST
P P e r R TR SRR S B AR S
0 5000 5200 5400 5600 5800

my-,- [MeVi ?]

b—st
CP asymmetries in B — K*p+p-

1 1
e LHCbdata © ATLAS data
= Belle data CMS data

llllllllll

LHCb data not in agreement with SM

o o ("1 SM from DHMV

Similar behaviour in several modes - 7] SM from ASZB
OF :
NB: Still some debates on SM predictions
-0.5 —n ] -

Sometimes there’s more fun! . —p=C g
~1F N ]

0 15

g% [GeV?/c4] 11

P5’ combination of observables « immune » to form factor errors



CZa HeAvy FLAVOUR - RARE DECAYS (LFU)

b — s ¢ Lepton Flavour Universality test
R[KO] = B(B =K®u+ru-)/B(B —K™ete-)

Another disagreement in LHCb data
= Challenging LFU (2 o level in both channels)

-o-1.HChb —mBaBar —a—Belle

Qéd 2_.,..,....,...., T A [T T T T o7
: LHCb 1 S ob it W A I .
_ 4 & kil
1.5 _ PRE & o
Dr ] A S
- i 0.8 N I =
1- + SM O'G:_ ® LHCH
- +. _ BIP
[ 0.1F v CDHMV ]
0.5_- . i B EOS
i 0.2 F ® flav.io
. LHCb ]
O-' L el e L L . S — ] O P L l)()-lllllllllllllllllllllll.l |']C|‘||||-
0 5 10 15 20 0 1 2 3 4 5 6
g [GeV?/c4 ¢ [GeV? /]
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C2A HEeavy FLAVOUR - CHARM PHYSICS

g 1.2 HFLAV | 3 3 3 3 |cpv allowed g" 60 .;(;
> "€ ckm2016 [ : ‘ : ‘ : T, CKM 2016 36
| — a |
zz S 40/
0.8} g -
0.6/ 201
0.4} ol
0.2 -
B -20
0 i : : i : : : : i
02 8o -aof
H 3G -
—0.4: e —607
06§§i§§§§§.50 L L L L1 L1 L1 I
-06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
X (%) la/pl

with LHCDb run2
precision on x will be improved CP violation likely to be not

observed
13



CZ2A9 LHCB & LHCB UPGRADE

2019 2021 2024 2027 2030
Run 2 Run 3 Run 4
EEEEEEER ﬁ
3/fb @ 7+8TeV LHCb phase 1 ~40/fb @ 13 TeV

6/fo @ 13 TevV  Upgrade

I Phase 1: Full software trigger = £ =2 x 1033 cm2 s1 ( £2017X 5)

= Detector readout at 40MHz. (NB: 1MHz currently)

= Redesign tracking system & upgrade RICHs (Particle ID)
= Full hadronic mode trigger efficiency x 2!

= With 50/fb, Sexp. ~ Btheo. fOr many modes but

more precision needed on Bs mixing and UT parameters

' Beyond 2030: Phase 2 = £ =2 x 1034 cm=2 s

= Proposal well received by LHCC
= |ntegrate up to 500/fb

14



CZa BELLE-Il, WHY ?

LHCb tremendous statistics, yes... B-factories have advantages

= B-beam. Fully reconstruct a tag B (4-vector of recoil B). Inclusive decays (e.g.
b—s y..), decays with neutrinos (e.g. B— tVv)

e ks %
,_.——'VT ‘\/f
»I
“signal” T v,
B- _-—-*

=
MissingE/ = ,
7 )/ A oamiRee.

candidate
event

R = =4 15



CZa BELLE-Il, WHY ?

LHCb tremendous statistics, yes... B-factories have advantages

= B-beam. Fully reconstruct a tag B (4-vector of recoil B). Inclusive decays (e.g.
b—s y..), decays with neutrinos (e.g. B— tVv)

= Clean environment, no trigger issue (good eff. for fully hadronic modes)
= Neutral particles identification

v Photons / to: mostly impossible in LHCb

v Electrons: difficult for LHCb

v Kv : good efficiency in B-factories

16



CZa BELLE-Il, WHY ?

LHCb tremendous statistics, yes... B-factories have advantages

= B-beam. Fully reconstruct a tag B (4-vector of recoil B). Inclusive decays (e.g.
b—s y..), decays with neutrinos (e.g. B— tVv)

= Clean environment, no trigger issue (good eff. for fully hadronic modes)
= Neutral particles identification
v Photons / to: mostly impossible in LHCb
v Electrons: difficult for LHCb
v Kv : good efficiency in B-factories
= Coherent BB production: flavour tagging easier (increase statistical power!)
v BaBar ¢[FlavTag] ~ 31% [PRD 79 (2009) 072009]
v LHCDb g[FlavTtag] ~ 3% [PRL 115 (2015) 031601]

Flavour Tagging: identification of the B flavour (B or Bbar) at t = 0 (before oscillations),
mandatory for time asymmetries 17



CZa SuPer KEKB, How AND WHEN ?

70
Nano-beam structure -
“F  Goal of Belle I1/SuperKEKB
50F
2'_-;: 40;—
) :
g 30—
‘E 20—
10
- . | |
0
x10% 8
B
. A -
. - - & 4
E(GeV) | B%(mm) | B*(cm) 9 1A L (cm?s) - Phaselll Phase lll
LER/HER LER/HER LER/HER (mrad) LER/HER - § 2-_ _’ >
KEKB 35/8.0 59/59 120/120 14, 1.6/1.2 2.1x10% X < B
SuperkEKB 4070 €027/030) 325 | 415 K 3626 80x10% E Coooo | o™, | o e e L
factor 20 factor 2-3 2?)17 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year

LSuperKEK = 8 x 1035 cm-2s-1
=40 X £Lkek
Belle-ll 50/ab by 2025!
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Observables

Expected th. ac-
curacy

Expected exp. un-
certainty

Facility (2025)

UT angles & sides

o1 [°] ok 0.4 Belle II

@2 [°] ** 1.0 Belle II

o3 [°] ok 1.0 Belle II/LHCb
S(B, = J/vo) ok 0.01 LHCb

|Ves| incl. *hx 1% Belle 11

|Ves| excl. *hk 1.5% Belle 11

| Vs | incl. ** 3% Belle 11

| Vs | excl. ok 2% Belle II/LHCb
CPV

S(B — ¢K") X 0.02 Belle 11

S(B = n'K") Aok 0.01 Belle 11

BT (B, — ¢¢) [rad] o 0.1 LHCb

85 (B, = K*°K*°) [rad] * 0.1 LHCb

A(B = K'z%)[1077] ek 4 Belle II

A(B = K*7™) [1072] Ak 0.20 LHCb/Belle 11
(Semi-)leptonic

B(B — 1v) [1079] ** 3% Belle II

B(B — ) [1079] i % Belle II

R(B — D7v) ok 3% Belle II

R(B — D*7v) ok 2% Belle II/LHCb
Radiative & EW Penguins

B(B = X.v) ** 1% Belle II
Acp(B = X,4v) (1077 ook 0.005 Belle 11

S(B — Kin%) Aok 0.03 Belle II
28°T(B, — ¢v) Aok 0.05 LHCb

S(B = py) % 0.07 Belle II

B(B. = vy) 1079 ok 0.3 Belle 11

B(B = K*vw) [107°) *k 15% Belle II

B(B — Kvw) [107°] ok 20% Belle II

gi Apn(B = K™ ) *E 0.05 LHCb/Belle 1T
B(B: — 77) [1077%] K <2 Belle II

B(B, — up) ok 10% LHCb/Belle 11
Charm

B(D: — pv) HK 0.9% Belle II

B(D, — 7v) Hk 2% Belle 11
AAcp(D® - KTK™) [1071]  ** 0.1 LHCb
Acp(D° = K27%) [1077] i 0.03 Belle II
lg/p|(D° = KénT ™) ok 0.03 Belle Ii

&(D° = Konrn) 7] Aok 4 Belle II

Tau

T = py [1079] i <5 Belle 11

T ey [1079) i <10 Belle 11

T — ppp (1077 ke < 0.3 Belle 1I/LHCb

Belle-Il Theory Interface Platform (B2TIP)
Certainly biased but take home message

Belle-l|
v modes with neutrinos / taus

v UT ultimate precision
v LFV in tau decay

LHCb
v Bs sector
v b-hadron physics

Belle-ll a very good opportunity for the DPhP?
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CZAa BELLE-Il PROSPECTS (1)

Enhanced precision of UT parameters (sides, angles)

0.7 ;R L B T T T "

. : A CKM =
0.6 : p g —

i E
08 g 7 Lwicos 2y <U _: -
E3 o UT angles with ~ 1%

1= . 8 b 3 uncertaln_llty
3 for 50 ab
0.2 B
0.1 -—f
¢,/ —

0.0 L Ly

04 .. . .. X 0.6

= 0.8 A g
p 07 |- ™ T 1 28y 4F ' ' ' T '™ W 1 ' -
: ‘ Amg & Amg -
2 b .
0.5 = : =
— 5 e ::::;::22 'u‘J;:) .
0.4 :—g = —
Inconsistency between angles 1= EB =
. . 0.3 |— f N 2 —
or/and sites — New Physics = N, =
0.2 - -
0.1 [— I I é
- i q)s ¢’l o
0.0 . L | L L 1 L | L " L | X L | N L N | N -
0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

=l
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RECHERCHE & LINDUSTRIE

CQZI BELLE-Il PROSPECTS

L EN S S s S s S e S S B B B B S B S B N S S S S e S e e
- T T T I T I

fa) C ]
~—r - Belle 1l Projection L -
o — Belle Combination ICHEP 2016 Preliminary
T E
- LHCb 4
—— World Combination
0.4~ - SWprediction: PRDS2 054410 (2015), PRD85 094025 (2012) —
5 : R(D) / R(D*) close the issue
350 , E 3 % precision
0.3F @S =5 -
0.25F i ]
N 10 contours i
ool Lo vt b e L b L

025 03 035 04 045 05 055 06
R(D)

% C by IP° 1S” Iv* 1] Ihh Ah 2
) [

8 1OSEE aE - EmEagm l.. - - - ?E
© -, =" - [ ] - = o =
; 6- = L " = = 7]

10°g ™ LR E
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:l - v vV Y & v v E .
o I v v v v -
“c; 107+ Te'Y ¥ Ly LTy v i hd — M "—E, T |ept0n LFV
= E ¢ s LagvlT T Y A J A A AA“‘vv“E .
= A N S G P L% (P : ++1 Gain 1-2 orders of
g "OF E itude | itivit
S El. 3 Mmagniudae In sensiuvity
=5 B . o . .
. 9 * o .
— 10:g . ......... —— oo. . . e .%.* ..o....-.ﬁz
(@& C . . e %, hd L4 ]

N . ]
O\o 10~10 N T A A A
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C2A CONCLUSIONS

@ Avery broad physics program, only scratch the surface
v Top quark: a flavour laboratory by itself (CMS, Atlas)
v Future ee colliders: tremendous samples of Z — bb/cc/tt (+LFV)
v Neutrinos (see Sandrine and Mathieu reports)

B A Win-win situation
v No NP at LHC: constrain much higher scale with flavour
v NP at LHC: fundamental to get the overall NP structure
I8 DPhP stopped flavour physics! Want to revive the field ?
v Kaons: KLEVER interesting?
v Heavy flavours physics (guaranteed rich physics output)
= |_HCDb is doing superb physics (upgrade 20307?)
= Belle-ll a really great opportunity for the lab... but this is now

Can an important lab as the DPhP be absent from such a
physics program?
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Limit (90% CL)

10 4

10%

108
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10°14

10-16

10 18

1940
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3] o,
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- =
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& eTe—Tr'r > g
am " Za
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t 7
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—
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A -m .
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A TmMEG

H— ey
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Fnal: py = 3.014GeV = y = 29.3 cancelling the 2d term
J-PARC: py = 0 = no need for focussing E , E=0!

Contribution a, x 10" Reference
QED (leptons) 116 584 718.853 + 0.036 | Aoyama et al. '12
Electroweak 1536 + 1.0 Gnendiger et al. '13
HVP: LO 6889.1 +35.2 Jegerlehner '15

NLO -99.2 + 1.0 Jegerlehner '15
NNLO 124 + 0.1 Kurz et al. '14
HLbL 102 + 39 Jegerlehner '15 (JN '09)
NLO 3 + 2 Colangelo et al. '14
Theory (SM) 116 591 780 +53
Experiment 116 592 089 + 63 Bennett et al. '06
Experiment - Theory 309 + 82 380
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Mathieu Perrin-Terrin

NAG62 Apparatus
ECAL ECAL
Large Angle VetL_hﬁszpelftlgmitfr g LKr-IRC-SAC
Giga [ T T T ————RICH llliMuon
uard : : E H H
BEAM : St olmil
Tracker——_ 1 1 1 ¥ ¥ e 1i,. ¢ RICH[p[fljVeto
~~~~~~~~ 0
v HCAL
éOm 100m 1]50m 2b0m 2'150m

Decay Products Instrumentation

» Kinematics (Spectrometer)

» Photon Detection (ECAL)

» 7w and p identification (RICH, HCAL and, Muon Veto)

» Arrival time measurement (all + CHOD for charged particles)
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KB—)’;I‘OI/E - KOTO Mathieu Perrin-Terrin

Goal and Time Line

» E391aran in 2004/5: B(K?—7°v)<2600x 10" [PR D81,072004 (2010)]

» Upgrade: KOTO aiming at reaching SM single-event-sensitivity

» KOTO commissioned in 2013 and taking data (see next)
Experiment

» Low energy beam: 1.2GeV/c

» Signal Signature: 2+ and no other particle

» EM calorimeter to catch 7° and vetoes surrounding decay region

I'B Hinemos NCC MB BCV CV LCY CC03 OEV CC04 CCO05 CC06 BHCY  BHIV BHOTS

2 L\L L\ . L. -l }\ J\J ' I

1|E\ ;;% \E \
I

0 i s 1 1| Il.|‘|

' decay volume
(oa] (vacuum) ’ % :
3 ; \ x z
Csl calorimeter [~ concrete l
iron shicld

I | I | | | I | |
0 2 4 6 8 10 12 14 16 )
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Kt — ntvv Analysis Strategy

Background Sources
» KTdecay incorrectly reconstructed

» Particle accidentally in time with a K+
Analysis

2 2
» Main variable m:,... = |pk — Px|

» Look for signal in regions | and Il

» pr € [15,35] GeV/c (RICH, kinematics,
~ rejection, accidental from 7t — pv)

» Background suppression needed:

Kinematics 10~ | Charged PID 107
7%s v Rejection 10~8 | Timing 1072

Mathieu Perrin-Terrin

g %%
%“\E 0.8 Kt —xTxl(x)

Region Il

[ K*
X?Q’U%Ej’””m
00? 0.04 - ‘3 '3. I ID('B 0.12
2 1.4
M [GeV2 /¢t
'E +._0
E +
L|nE KT =" 7" (v)
n.g 1ov_K+—>gn/('y) K+
EN TP
- \ | Xx1pT0 K T
10° = \ N
E KT —semry| ’K —)7r+>;ro 0
10 =
K™ =gy
1055—
105;—
F | K“ fy
107 L Lo . Lo
-0 04 002 0 0(1? 004 (1‘5 r(‘ﬁ 0.
G vz/ “1
mlss ev/e
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CQEI KOTO RESULTS

Run 2013
rec. ©'p Vs Z,,
< S0 i ; Wos
3 s Expecie SES: 6 10-°
~ b 87 Lo ) -
A0 g C0.47:0.12  0.03:0.03
¥ s e : i
2 300;_ .o:. o g__l(,m_u % Run 2015
2505_ b ..?" ----- G - 500 .‘al 3
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Production Target

* April, 2015 -
* Indirect cooling
 Currently working

Fall, 2017 or 2018 -
Indirect cooling
Ready to manufacture

Around 2020/2021 -
Direct cooling
» Under R&D

Shin’ya Sawada,
International workshop on progress on J-Parc 2016
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C2A CPV IN Bs SECTOR

Guy Wilkinson, IPPP Flavour

CPV in B, mixing-decay interference: @,

0.14} HFAG B
— 0.12 %, 68% CL contours |
L (Alog £ =1.15)
.& 0.10} | CDF 9.6 fo
w
—
< .08
0.06¢ ATLAS 19.2 ™"
~04 ~0.2 0.0 0.2 01_4
ICHEP 2016 qu gcs [ra d]

Another theoretically clean observable, which must be measured as well as
possible. LHCb uncertainty will halve in run 2. Will need still higher precision
to reach regime of real interest, and to probe for deviations from SM expectation.
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LHCB L0 TRIGGER EFFICIENCY

T Head, 2014 JINST 9 C09015
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Figure 2: LO efficiencies for data taken during 2012 of (a) LO muon requirements for B~ —
J/w(— utu~)K= and (b) LO hadron requirements for several fully hadronic decay modes as a
function of the parent pr.

Upgrade: Hadronic mode efficiency x 2!
32



LHCB UPGRADE EXPECTATIONS

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb~")  uncertainty
BY mixing 28, (BY — Jh @) 0.10 [138 0.025 0.008 ~ 0.003
28, (BY — Jf f,(980)) 0.17 [214 0.045 0.014 ~ 0.01
a 6.4 x 1077 |43 06x10% 02x10"* 0.03x 107
Gluonic 28 (BY = ¢0) 0.17 0.03 0.02
penguins 28" (B" - K"K 0.13 0.02 < 0.02
28"(B" — ¢K?) 0.17 0.30 0.05 0.02
Right-handed 28:T(B" — ¢) 0.09 0.02 < 0.01
currents 7(B? = &)/ 7o 5% 1% 0.2%
Electroweak S,(B" = K 'u"p:1 < ¢* < 6 GeV¥/c') 0.025 0.008 0.02
penguins so Apa(B" = K u*p™) 6 % 2% 7%
A(Kutp—:1 < ¢° < 6GeV¥et) 0.08 0.025 ~ (.02
B(Bt* -5 ntu*u)/B(BT - K u“u~) 8 % 2.5% ~10%
Higgs B(BY = u*u) 13 05x107% 015x 107" 03 x107*
penguins B(B = p*u)/B(BY = u*u) ~ 100 % ~ 35% ~ 5%
Unitarity v (B = D™ K™) ~ 10-12° [244/258] 4° 0.9° negligible
triangle v (BY =- D.K) 11° 2.0° negligible
angles 8 (B" = Jj K°) 0.8° [43] 0.6° 0.2° negligible
Charm Ap 2.3 % 1077 |43 0.40 x 10~¢  0.07 x 107
CP violation AAcp 2.1 x 107 [18 0.65 x 107¢ 0.12 x 1073
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CZ2A B SAMPLES

o(b - LHCb) =230 ub L = 50/fb
o(BBY(4S))= 1nb L=50/ab
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ME & UINDUSTRIE

C2A BELLE-lIl DETECTOR

Tadeas Bilka KL and muon detector tlighet backgfounds

Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC " ~-\V’,,.f7“ |
(end-caps , inner 2 barrel layers) “ S :_ “ e
. s_‘/)\s\,) “ 2 -0(107nb)

Radiative Bhabha  2-photon-processes

EM Calorimeter
Csl(Tl), waveform sampling elecironics

®
A - . ® &
3060..0: % Dia’iiﬁvb:’i“
\\\_‘ ¥ Touschek ' Beam-gas &
—
= Particle Identification BELLE
electrons (7 GeV) Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward) Jos ‘.-‘ 3
R AN 0
Vertex Detector L g ¥

2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD M8 ' , \ )_’}(a"'f'
- \‘\
apy ; X

positrons (4 GeV) : %
Central Drift Chamber

Smaller cell size, long lever arm

New software challenges:
Belle Il Software and Analysis Framework

T
0.4 — + 0.0 Tracks with PXD clusters
'_ *  Oao Tracks with PXD clusters
:’ © BaBmog
0.3 = ® BlBwow
Il e, putisd s o
E 02 - Bellell MC o SRRt Axial wire
B0 {1 (L PRELIMINARY 3 Stereo wire
s i e . +tit 60-80 mrad
. : 1
01 E )
f 0 ¢ 2 8200
i 'y ...esznf’no‘aqq
0 E . e 'l" 4y o],‘o.+'.'$' *r
1-2001 1 e i
3583A28 Transverse Momentum (GeV/c)
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CZ2A Super KEKB & BELLE-I

arameters KEKP SuperKEK® units
P LER HER HER . Phas’e I (R016)
* Circulated both
Beam energy E 35 3 4 7 GeV beams but no
Half crossing angle $ 1 415 mrad collisions;
 Tune accelerator
Horizontal emittance € 18 24 32 46 nm optics, etc.; vacuum
Ewittance ratio K 033 0.66 0.37 ; A %Crub%ngk 5
Betafunctionsat P | /B | 1200/59 | 32/0.27 o oo Dacseroun
Beam currents Ib 164 119 360 ] A dedicated BEAST
beam-b t Z 0129 0.090 § 0.0881 11/1 detector
eam-beam paraweter . , X
: — . T —|  + Phasell
uminosity < X mes * First collisions
* Nano-beams and a factor of two more beam current to increase luminosity « Beam -
* Large crossing angle Commissioning
* Change beam energies to solve the problem of short lifetime for the LER « Background
B T M %E?iss%rﬁrfgnts with
i _ Goal of Belle 11/Sy  Physics run with
5o Wb Belle IT w/o VITX
;s 3 * onY(4S) and Y(6S)
£ i3 + Phase III
N T  Physics run
x10%5 gf
g".’;’ 4;_Phasell Phase lii ‘
E' 2%i7 20I1‘8 20'19 20120 20I21 20|22 20I23 20|24 ;025
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Opportunities in flavour physics,
and beyond, in the HL-LHC era

Expression of Interest

Guy Wilkinson, IPPP Flavour

Install in LS4 (~2030),
after Phase-| Upgrade.

Detector to be able to
operate at ~2 x 1034 cm=2s"

Integrate ~300 fb-"

Comprehensive flavour physics
programme + general-purpose
forward physics (as now), but targeting
clean measurements currently limited
by statistics, and new observables

Straw-man detector design with
candidate solutions to challenges,
including new capabilities in key areas

Define initial R&D plan, and
possible first steps in LS3, which
will help physics of Phase |
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