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Outline

* Why flavour physics in the LHC era?

» Selected highlights of recent results

- Production and spectroscopy
- CP violation and the Unitarity Triangle
- Rare decays

e Future prospects
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Dirac's prescience

Concluding words of 1933 Nobel lecture

“If we accept the view of complete symmetry between positive
and negative electric charge so far as concerns the fundamental
laws of Nature, we must regard it rather as an accident that the
Earth (and presumably the whole solar system), contains a
preponderance of negative electrons and positive protons. It is
quite possible that for some of the stars it is the other way
about, these stars being built up mainly of positrons and
negative protons. In fact, there may be half the stars of each
kind. The two kinds of stars would both show exactly the same
spectra, and there would be no way of distinguishing them by
present astronomical methods.”
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Where is the antimatter?

- z;?“‘\
ig;‘i%ﬁf %5{/\70
TN A

""" Tim Gershon
\ HF At the LHC

VARV I



CP violation and the
matter-antimatter asymmetry

* Two widely known facts

1) CP violation is one of 3 “Sakharov conditions” necessary for the
evolution of a baryon asymmetry in the Universe

2) The Standard Model (CKM) CP violation is not sufficient to
explain the observed asymmetry

 Therefore, there must be more sources of CP violation In
nature ... but where?

- extended quark sector, lepton sector (leptogenesis),
supersymmetry, anomalous gauge couplings, extended Higgs
sector, quark-gluon plasma, flavour-diagonal phases, ...

» Testing the consistency of the CKM mechanism provides
the best chance to find new sources of CP violation today
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What causes the difference between
matter and antimatter?

* |n the SM, fermion masses arise from the Yukawa couplings of the
qguarks and charged leptons to the Higgs field (taking m =0)

 The CKM matrix arises from the relative misalignment of the
Yukawa matrices for the up- and down-type quarks

VCKM

 Itis a 3x3 complex unitary matrix
— described by 9 (real) parameters

= U, Uy
»

U matrices from diagonalisation of mass matrices

- 5 can be absorbed as phase differences between the quark fields

- 3 can be expressed as (Euler) mixing angles

- the fourth makes the CKM matrix complex (i.e. gives it a phase)
« weak interaction couplings differ for quarks and antiquarks

 CP violation
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The Cabibbo-Kobayashi-Maskawa
Quark Mixing Matrix

Vud Vus Vub
VCKM — Vcd Vcs Vcb
th VtS th

e A 3x3 unitary matrix

* Described by 4 real parameters — allows CP violation

- PDG (Chau-Keung) parametrisation: 0,,, 0., 0,5, 0
- Wolfenstein parametrisation: A, A, p, n
* Highly predictive
Tim Gershon 7
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Quark flavour mixing
a.k.a. CKM phenomenology

(*) 1. 3
W VooV, v, 1 2?\ A AN (p—in)
i . VCKM = Vcd Vcs Vcb = —A 1_1?\2 A}\z +O<?\4)
wed  \[GgV, l Vi Vi Vo 2
(d,s,b) 3 - 2
AN’ (1—p—in) —AX 1
 CKM theory is highly predictive N.B. V_has imaginary part at O(A)

- huge range of phenomena over a massive energy scale predicted by only 4
independent parameters (+ QCD)

CKM matrix 1s hierarchical

- theorised connections to quark mass hierarchies, or (dis-)similar patterns in the
lepton sector

« origin of CKM matrix from diagonalisation of Yukuwa (mass) matrices after electroweak
symmetry breaking

— distinctive flavour sector of Standard Model not necessarily replicated in extended
theories — strong constraints on models

CKM mechanism introduces CP violation

- only source of CP violation in the Standard Model (m, = 6,., = 0)
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Two routes to heaven :

for flavour physics
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CP violation \ S M ) Rare decays
(extra sources must exist) (strong theoretical arguments)

But

* No guarantee of the scale

* No guarantee of effects in
the quark sector

» Realistic prospects for
CPV measurement in vs
due to large 6_,

SSRET

But

 How high is the NP scale?

 Why have FCNC effects not
been seen?
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New Physics Flavour Problem

Limits on NP scale at least 100 TeV for generic couplings
- model-independent argument, also for rare decays

 But we need NP at the “TeV scale” to solve the hierarchy
problem (and to provide DM candidate, etc.)

So we need NP flavour-changing couplings to be small
« Why?
— minimal flavour violation? NPIE Bt (2902) oo
« perfect alignment of flavour violation in NP and SM
- some other approximate symmetry?
- flavour structure tells us about physics at very high scales
 Many important observables are not sufficiently well-tested
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Why flavour physics in the LHC era?

There is still much physics to be done with the datasets of BaBar, Belle,
CDF, DO, CLEO, BES, etc.

- Discovery potential complementary to other experiments
- New experiments in the charged lepton sector add additional potential
LHC is the world's most copious source of heavy flavoured fermions

- LHCDb experiment instruments the forward region for best b & ¢ physics capability
» extends the physics reach of the LHC programme, exploring beyond the energy frontier
- ATLAS and CMS experiments also have some capability in this sector

In addition to studying flavour-changing phenomena, excellent
opportunities to study unresolved issues in QCD

- Puzzles concerning heavy flavour production and spectroscopy

Tim Gershon
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Flavour physics at hadron colliders

¢ e —+T(4S) — BB pp — bbX pp — bbX
(s =2TeV) (/s = 14TeV)
PEP-II, KEKB Tevatron LHC
Production cross-section 1 nb ~ 100 ub ~ 500 pub
Typical bb rate 10Hz ~ 100 kHz ~ 300kHz
Pile-up 0 1.7 0.5-20

b hadron mixture

b hadron boost
Underlying event
Production vertex

B"-B" pair production
Flavour tagging power

BB (50%), B"B’ (50%) B* (40%), B’ (40%), B (10%),
A} (10%), others (< 1%)
large (fy ~ 100)

Many additional particles
Reconstructed from many tracks

Incoherent
eD” ~ 5%

small (fy ~ 0.5)
BB pair alone
Not reconstructed

Coherent (from 1 (4S) decay)
eD” ~30%

Tim Gershon
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The LHCDb detector

* In high energy collisions, bb pairs produced
oredominantly in forward or backward directions

 LHCDb is a forward spectrometer

LHCb MC

- a new concept for HEP experiments

) o
/ / % S
ECAL HCAL

The LHCb Detector / / RICHzSPD/PS
JINST 3 (2008) S08005 Ml

-I

Tim Gershon | Precision primary and secondary Excellent K/t separation
HF:atthe/LHC vertex measurements capability
______
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The LHCDb trigger

Challenge is

« to efficiently select most
Interesting B decays

« while maintaining
manageable data rates

Main backgrounds

* “minimum bias” inelastic
pp scattering

« other charm and beauty
decays

Handles
- high p_signals (muons)

 displaced vertices

Tim Gershon
HF: at'the/LHC
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40 MHz bunch crossing rate

L0 Hardware Trigger : 1 MHZ

readout, high E:/Pr signatures

450 kHz
ht

 Software High Level Trigger

Introduce tracking/PID information,
find displaced tracks/vertices

Offline reconstruction tuned to
trigger time constraints

Mixture of exclusive and inclusive

selection algorithms J

5 kHZ Rate to storage

2 kHz 2 kHz 1 kHz
Inclusive/
Muon and

Exclusive

Topological Charm DiMuon

Inclusive

JINST 8 (2013) P04022
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Selected highlights of results
Production and spectroscopy
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Phys. Rev. Lett. 108 (2012) 152001

puy Candidates / (25 MeV)

Observations of new states

(no, not the Higgs)

“Observation of a New x_State in
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Quantum numbers of the X(3872)

LHCb PRL 110 (2013) 222001

X(3872) discovered in B - XK, with X - J/1t1t (Belle PRL 91 (2003) 262001)
Does not fit well with expectations for conventional states

e above open charm threshold but narrow

JP¢ limited to 1** or 27" by previous analyses (CDF PRL 98 (2007) 132002)

LHCDb analysis uses production from B decay, and full (5D) angular
distribution of decay chain (assuming J*°(mtrt) = 17; see also CMS arXiv:1302.3968)
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JP¢ = 1™ supports molecular interpretation of X(3872)
.. but then how to explain production in hadron collisions?
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Selected highlights of results
CP violation and the Unitarity Triangle
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The Unitarity Triangle

http://ckmfitter.in2p3.fr
 The CKM matrix must be unitary see also http://www.utfit.org

+ _ + _
VCKM VCKM - VCKM VCKM - 1 1.5 [T 77 T T T I%
excluded arsa has CL = 0.85 ] %_
i X

* Provides numerous tests of constraints : y %
between independent observables, such as -~ =
2 2 2
|Vud +‘Vus +|Vub =1
ViVietVeuaVatVyVy = 0

-1.0 ~ € —

—— =l AR, -
\/(ﬁ—l__) ) _1-5IIII|IIIIjIIIIlIIIIlIIII'IIII_
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
B p
(0,0)
Consistency of measurements tests the
Tim_Gershon Standard Model and provides 20
HFatthe/LHC model-independent constraints on New Physics
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Categories of CP violation

» Consider decay of y
neutral particle to a CP 4
eigenstate A A

4q —
921 [EBWBRton in mixng R
A |
A —— .
Al#1 EBMDaiion n decay (dreciCRVN
~1 a4, olation in interferenw
p A “mixing and deca
""" Tim Gershon 21
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Direct CP violation

» Condition for DCPV: |A/A|Z1

+ Need A and A to consist of (at least) two parts
- with different weak (¢) and strong (0) phases

» Often realised by “tree” and “penguin” diagrams
A = |T|ei(6T_¢T)+|P|ei(6P_¢P) A = |T|ei(6r+¢T)—|—|P|ei(6P+¢P)

_ |A[-A] _ 2|T||P|sin(8,—5 ) sin(pr—dbp)
 |AF+|af |TP+[PP+2 |T||Plcos(5,—8,)cos (d,— b )

Acp

(a) m W

Example: B - Kt

b 5K+
(weak phase difference is y)
U
BO
" 5 - U
B T
” !
i d d d
Tim Gershon

HF at'the/LHC Fevnman tree (a) and penguin (b) diagrams for the BS — K7~ decay

S
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Direct CP violation in B = KTt

* Direct CP violation in B - K1t sensitive to y
too many hadronic parameters = need theory input

NB. interesting deviation from naive expectation Belle Nature 452 (2008) 332
§ 7:1,\6 A CP(K‘T[O) = —-0.082 + 0.006
Wt A_ (K% = +0.040 + 0.021

- b K-

HFAG averages

Entries per 2 MeV/c?

Could be a sign of new physics ...
... but first need to rule out possibility of
larger than expected QCD corrections

M, (GeV/c?)

Tim Gershon 23
HF at'the/LHC
AIRY VLA



How to rule out large QCD corrections?

« Measure more B, ,— Kt decays & relate by isospin

* Perform similar analysis on B - K*1t &/or B - Kp

« Measure B, - KK decays & relate by U-spin

HCb
)

PRL 110 (2013) 221601

MOE L

Acp(BY — K 7)) = 0.27 £0.04 (stat) £ 0.01 (syst).
& 2000F
consistent with SM expectation S
% 1000}
50 observation of CP violation | § °
in B_ - KTt decays -
200}

8
gL

Tim Gershon %
HF at'the/ LHC
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Surprisingly large direct CP violation effects

In regions of phase space of B* . 3h decays PRL 111 (2013) 101801
g:,:lGO:I'"'I""I""l""l"'I""I""I'"'|""|"'_ @“ él""l""l""l""l--|---|-- T
%140:} (a) LHCb —model ] 5‘;3505' (b) LHCb ¥ — model 1
=120 : oo {200 - S 1 B KKK

combinatorial

B — 4-body

B — 4-body
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Importance of y from B - DK

v plays a unique role in flavour physics

the only CP violating parameter that can be measured
through tree decays only
) more-or-less
* A benchmark Standard Model reference point
e doubly important after New Physics is observed

%
C D
£l

D

=

Variants use different B or D decays

TiLnF Gershon require a final state common to both D° and D° 26
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Ewvents / { 5 MeVic2)

B - DK decays
“GLW” and “ADS” methods

PLB 712 (2012) 203

) ; ; . - . - . - g
-
LHCb T thee | & B
[ = "
' 1 I 10 e
408 BSIK KK B'S[KK) K E G
3 3 >
20 4 I 5]
2 A - i
LHCb 4 It \ LHCH
+ I : 30
Bo[RR |~ -tf! | % H\:—a|.&' K, - 2
1 I \ ]
| '. \\ = 1
as ‘L - \\ i Sttt ettty et 1t gl Bt AU A e o et it b t it de g et gt st Ty
SH00 SO0 T 5600 5200 5400 5600 5200 5400 5600
m(Dh*) (MeVic?) m(DhY) (MeV/c?)
D K A |Moriond 2012 \\ D_Kﬂ: K R |Moriond 2012
CP CP+ PRELIMINARY \\\ // ADS PRELIMINARY
BaBar § Sl 0.25+£0.06+0.02 | \ BaBar ! ) N . 0.0110 + 0.0060 + 0.0020
PRD 82 (2010) 072004 . PRD 82 (2010) (72006 '
Belle i 020+006+002 | | Belle | RN 0.0163 *0:0044 +0.0007
LP 2011 preliminary \ PRL 106 {2011) 231803 2 i
CDF < , 0.39+0,17+0.04 CDF , 0,0220 + 0.0086 + 0.0026
PRD 81 (2010) 03{105(R) . ! o ' PRD 84 (2011) 091504 '
LHCb | el 0.14 +0.03+0.01 LHCb , 0.0152 + 0.0020 + 0.0004
arXiv:1203.3662 | \\ arXiv:12083.3662 ’
Average i 0.19+0.03 Average 0.0153 + 0.0017
HFAG ; ] HFAG Bl
0.2 0 0.2 0.4 0.6 \ / -0 0.01 0.02 0.03
Tim Gershon Observation of CP violation in B — DK decays 27
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vy from combination of B" - DK™ modes

BaBar PRD 87 (2013) 052015
Belle CKM2012 preliminary

PLB 726 (2013) 151
& LHCb-CONF-2013-006

All direct CP violation effects caused by vy in the Standard Model
Only those in B - DK type processes involve only tree-level diagrams

« enable determination of y with negligible theoretical uncertainty

Tim Gershon
HF: at'the/LHC
ALYV LA
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CP violation In neutral meson mixing

Tim Gershon
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Neutral meson mixing —

oscillation phenomena over 4 orders in magnitude
PRL 110 (2013) 101802

NJP 15 (2013) 053021

3
x10
& g T T T T PLB 719 (2013) 318 B°.Dm
6 55_ ata . DO - Kmn = ° °
-F — Mixing fit - - :
x .. . ] E“ L LIHCIb ‘ o « Tagged mixed
6 E NO-leIHg fit - g 0_4; B | g - e Tagged unmixed
550 ] E | — combined 1 35 4001 Fit mixed
' E ] 3 0.2 L i % : — Fit unmixed
5F q B x 1 3 :
s 1 & of l ) E 2001 -
456 3 i 18 LHCb
o D o L - ] 02 10 . L g
i3 e 1 ' s manas sanas semar
3.5F = i S decay time [ps
3 ] 5 10 15 y [ps]
3F | . | - B’ decay time ¢ [ps]
0 5 ' y : ¢ —/ [ '20 - — - Am_=(17.768 £ 0.023 (stat) + 0.006 (syst)) ps™
2 o4f i S K - O(%o) precision & still statistically limited
7 é, - — combined 1
_ Z 02 ]
Fit type Parameter Fit result Correlation coefficient L /\
(x2/ndf) (10~ R v 2 c% ok N I /lé— N
Mixing Rp 3.02+£0.15 1 —0.934 +0.882 o i ]
(9.5/10) Yy 7T24+24 1 —0.973 ook + R
2 —0.09+0.13 1 el B ]
No mixing Ry 4.25 4+ 0.04 i
(98.1/12) 0.4 N
[ 1

‘5“‘|1|0“‘|1‘5
Tlm GerShOn B”decaytimet[ps]
HF at'the LHC
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Is there CP violation in B mixing?

Semileptonic asymmetries in both B and B_systems negligibly small in the SM

DO arXiv:1310.0447,
PRL 110 (2013) 011801,

Results of inclusive dimuon asymmetry PRD 86 (2012) 072009

analysis 3.60 from SM
-7 0.02

oy : D@, 10.4 b’ 95% CL
Constraint in aslo'—aslS plane obtained from

oscillated B or B_enriched samples 68% CL
(cutting on impact parameter) \

Including results on aslCl and a_° individually

(from D**pvX and D "uvX samples) puts -0.02 7 g dard Model
combination at 3.1c from SM ~ 1 DO B ' DYX
[] D@ B —u'D. X

Results on aslOI and a_° from B factories -0.04 - * Central value

and LHCb consistent with SM , |

but not inconsistent with DO -0.04 0.02 0 0.02

Tim Gershon Situation unclear — 31
ATLYYHA improved measurements needed
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CP violation in mixing-decay
Interference 5

When both particle and anti-particle can decay /:j‘;;é p
to the same final state, the oscillations act as i
an interferometer to measure the relative phase Y,

Used very productively for B - J/y K, decays
to measure sin(2[3) at BaBar & Belle

Exploit the same idea to measure the BSO
oscillation phase (¢ ), which is very small in the
Standard Model - provides a null test

2
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e VV final state

three helicity amplitudes
- mixture of CP-even and CP-odd
disentangled using angular & time-dependent distributions

- additional sensitivity
many correlated variables
— complicated analysis

LHCDb also uses B, - J/IYf, (f, - T0+11)

- CP eigenstate; simpler analysis

— fewer events; requires input from J/Y@ analysis (I',, Al',)
33
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Candidates [/ 0.06

Improved measurements of
B_oscillations and CP violation

LHCb PRD 87 (2013) 112010 LLHCb PRL 110 (2013) 241802

B _ JJWKK (& JWTtm) _Start to compare tre(_e-level decays B_- o
S ~ with much rarer penguin processes -

sensitive test with higher statistics
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Tim _Gershon ' - 34
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N.B. Improved A_lifetime
measurements of great interest:
DO PRD 85 (2012) 112003

ATLAS PRD 87 (2013) 032002
CMS JHEP 07 (2013) 163

LHCDb

Tim Gershon
HF at'the/LHC

Improved measurements of
B_lifetimes and CP violation
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Is there CP violation in the charm system?
(and if so, where does it come from?)

_ LHCb PLB 723 (2013) 33,
To reduce systematics and (perhaps) enhance LHCh-CONF-2013-003

CP violation effect, experiments measure D= [PIRC o) (2102 TS
Belle ICHEP preliminary

/ — - - / = a 0.02
AAcp = Acp(K™K) — Agp(n ) "_’230015 . m R i
H H & lll # II:' H ) i % ﬁcp E:l,:h prompt prel,
- - - ] kY P )
= [app (K~ K") — apfi(n o) + —Fafp. o1 Nt
T ;ﬁwz’:"#'?#".#"'&.:" IR - A BaBar 77
0.005 A_ Belle prel. Ll

i Y o iy
A
S ey Ry R ey B g

AA_, related mainly to direct CP violation 0

(contribution from indirect CPV suppressed by =-ate
difference in mean decay time) -0.01 L
dir — -0.015 |-
Aa _(_013310112)% _0-02_J||||\|||:|1|l|%\\"y\/--|--'|"|=\11||
CP -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
aind
L DL L B UL DL T L L D cP
BaBar BaBar
Previous evidence for CPV LHCb CDF
not confirmed | _Belle
Need more precise measurements i B . LHCh preliminary (pionsezed
'ﬁ]’e_' [ LHCb (muon tagged)
Wgr.li average N;EE avemgem "
Tim Gershon - 0 Ay (%) h ‘ Aoy (%) 36
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Selected highlights of results
Rare Decays

Tim Gershon
HF he'LHC
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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 38
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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 '

) —C— 3

. . . [a® r .

* e.g. Boosted Decision Trees algorithm e

0 b —0— .

= —O— E

107 & s 3

F LHCb —Q——<}>— :

: 107 & Signal .

Tim Gershon ; chkgmd _i%
HF:at'the/LHC ot L SR

4 L r v 0 0.2 0.4 0.6 0.8 1

S
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0 +
B(S) - M H

CMS LHCDb

_ PRL 111 (2013) 101804 PRL 111 (2013) 101805
= 14
S I i?uallItTDDF & 16— | =
<+ | A B sp- =~ n :
% 12:_ ----- cl?j;.ttli:\gtor.ial bkg E 14 ; LHCb _:
% 10 s T 12 BDT>0.7 4
S | < 108 3 fb =
5 8 S F .
© gt &g 3 e o .

I S 6 ]
= TS & ]
a 4+ p- 4 -
+ - -
0+ .
A ol 2 3

R . N\ il H 0

2 51 52 s 55 56 57 58 58
m,, (GeV)
Events weighted by S/(S+B) Only events with BDT > 0.7
Tim Gershon Updated results confirm earlier evidence from LHCb 40
AHREYYHA (PRL 110 (2013) 021801)
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(s)

DO 10.4fb "

CDF 10fb '

ATLAS 4.9fb "'
preliminary

LHCb 3fb”"

CMS 25fb

CMS+LHCDb
preliminary

Tim Gershon
HF atthe/LHC
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B °_ py"u” —combined results

LHCb-CONF-2013-012

CMS-PAS-BPH-13-007

-
P sM

-

 —

T v by e by b by b b by

2 4 6 8 10 12 14 16 18 20 22

B(B'—> w'u ) [107]

B(B’-p'y’) = (2.920.7) x 107

@bserve@
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— PR , , -
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10—4 e X - o 2013 1 _
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T L R AR o« T W
* 10°F = = 9§ 33
* F 1 1 1 1: :
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Q
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—
<
—
o
m
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Year

_ Searches over 30 years
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10° x BR(By = u™u™)

Tim Gershon
HF: at'the/LHC
YV LA

Impact of B_— p'y"

2.0
Informal and uwnotficial compilation

Modified from D. Straub - Nuovo Cim. CO35N1 (2012) 249

1.5

1.0

0.5

0 10 20 30 40
10° x BR(Bs —» utu™)
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B K*u'y"

« B,- K*u+u- provides complementary approach to
search for new physics in b - sl*I- FCNC processes

- rates, angular distributions and asymmetries sensitive to NP

- superb laboratory for NP tests

- experimentally clean signature

- many kinematic variables ...

— ... with clean theoretical predictions

Tim Gershon
HF at'the/LHC
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Candidates /[ 10 Mallic? ) Candidatas / [ 10 MaWic® )

Candidates /[ 10 MaV/c® }

Angular analysis of B® - K*°u"y-

LHCh 1.0%" |
01 < = 2 GaVviiet 4
O Signal E
B Combinatorial bkg |
W Pazking bkg -

3200 400

5600 ~
Mg | MaWic=]

I 1
LHCDh 1.0&"
43 = = BEE GaVict

3200 5400

5600 ~
My ey | MEVICE]

LHCh 1.0&"
14,18 < f = 16 Gaveic?

SE00 B
LI | MaVic=]

Tim Gershon
HF at'the/LHC
IRV LA

Candidates /[ 10 MaVic®) Candidatas /[ 10 MaWic®)

Candidates /| 10 MaV/c® }

—
LHCo 1.0 &
2 = = 4.3 GaVvied

5400 5600 -
L

L
LHCb 1.0&" |
10,08 = = 12.85 Gav™/ct 4

LHCb 1.0 &'
16<q =19 Gavie?

LHCb JHEP 08 (2013) 131
See also CDF PRL 108 (2012) 081807
BaBar PRD 86 (2012) 032012

ATLAS-CONF-2013-038 & CMS BPH-11-009

dB/dg? [107 x ¢c* GeV?]

Theory M Binned
-8~ LHCb =4 CDF

=¥— BaBar -l Belle
1.5 I T T

CMS
I L] L] L] I L]

—

0 L L L L | L L L L ] L L L L | L L L L
0 5 10 15 20

q? [GeV?/c?]

Analysis performed in bins of dimuon
invariant mass squared (g°)
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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
ATLAS-CONF-2013-038 & CMS BPH-11-009

Theory [ Binned Theory [ Binned
- LHCb == CDF ~¥- BaBar -~ Belle === ATLAS CMS -8 LHCb == CDF ~¥—- BaBar -~ Belle === ATLAS CMS
0 T T T 7 T T T T T q:E T T 7 T T T T, T ]
08 I E _:
] g
0.4 ]
02 ; : First measurement of
e e ] zero-crossing point of A_
! q2 [GeV?/c?]
-Q-I:f:ot:y :gggm 8- LHCb -+ CDF 2 4 9 + O 9 G V2/ 4
O Ll L | B BN B B R R | B <L Ll QLA L R B S S B BB R L B q 0 - ( . — . ) e C
st °-5;' + ‘ Consistent with SM expectation
of 0++ 4 .-..'_.?:
- F —5—— T —4— ;
0.5F -0-5::‘> .
'10 5 10 15 20 '10””é”"113""11-3””20
q? [GeV¥/c4] q? [GeV?/c*]
Tim_Gershon 46
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Isospin asymmetry in B - K®¥pp

LHCb JHEP 07 (2012) 133

Theory -e-Data
s E B-Kuuw LHCb 3

ost] L T B <

C | —e— 3

-1F h —— E

'15 :_. 1 I [ TR TR TN TR AN N TR TN TR NN TR T SN T N TR T ._: R [ TR TR TN T NN TN T TN SN NN TN T SN S | _g

0 5 10 15 20 25 5 10 15 20
150 L9o g2 [GeV?/c*] q* [GeV?/c*]
1.90 3.00
Deviation from zero integrated over g° ~ 4.40 Consistent with zero & with SM prediction
Consistent with previous measurements Consistent with previous measurements
(BaBar, Belle, CDF) (BaBar, Belle, CDF)
\A/ ATLGErSHon Food for thought ... 47
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New observables in B® - K*°u*u-

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 (LHCb-PAPER-2013-019; 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 48
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New observables in B® - K*°u*u-

PRL 111 (2013) 191801

! T T T T T @ b
% os - SM Predictions

0.6
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Quark flavour physics:
short and mid-term projects

* Good short-term prospects with existing experiments

- LHCb & BES taking new data plus final analyses from
completed experiments

- NA62 and KOTO coming online to probe K - 1tvv decays

* In the second half of this decade will transition to next
generation experiments — very exciting future!

- Belle2 (start 2016/7) & LHCb upgrade (start 2019)

- possibilities for T-charm factories in Russia, Turkey, Italy

« SuperB unfortunately cancelled, however
- KOTO phase |I, ORKA, possible extension of NA62

Tim Gershon
HF at'the/LHC
AIRY VLA
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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 ‘:'
=
-
2
450 kHz 400 kHz £ o . T
ht H/pp pra ¥
‘ i° < gy
‘g 2 | ] _I.F'
( Software High Level Trigger ) >
Introduce tracking/PID information, E
find displaced tracks/vertices g
Offline reconstruction tuned to = 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 52
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LHCb detector upgrade

VYELO Silicon Tracker Cuter Tracker MUON
Si strips Si strips straw tubes :
almost compatible
Replace all Replace all Replace R/O =

ECAL HC AL
SPIVPS M3

RICHZ w1

| ARICH]
: TT

Calo
PMTs
Reduce PMT gain,
Replace R/O

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

im Gershon, =~ Subdetector TDRs available ~end 2013!
‘\‘\ HW@(



LHCb-PUB-2013-015

Upgrade — expected sensitivities

Table 3: Statistical sensitivities of the LHCh upgrade to kev observables. For each obserwable the expected sensitivity is
given for the integrated luminosity aceumuolated by the end of LHC Run 1, by 2008 (assuming 5 h ! revorded during Run
2y and for the LHCh Upgrade (50 1h Y. An estimate of the theoretical uneertainty 2 also given - this and the potential
souroes of svalematic uncertainty are discussed in Lhe text,

Tvpe CMservable LHC Run 1 LHCL 2018 LHCb upgrade  Theory

BY mixing dul B = Jfiid) (rad) 0.05 0.025 0.009 ~e (1,003

iy (B = Tt f(980)) (rad) .09 (.05 0016 ~ {1011
Aa( By (1077) 2.8 1.4 0.5 (.03
Gluonic f}:'"lzf_ﬁ' v aindr) (raud) .18 (.12 0026 0.02
PengELLin G BY e KR (ead) .19 .13 0.029 < (L02
239 BY < K'Y} (rad) 0.30 0.20 0.04 0.02
Right-handed ¢ (B = py) 0.20 0.13 0.030 < (.01
Ccurrents r“"rI:H_f' ey )/ o 5% 3.2% 0.8% 0.2%
Electrowenk 5589 = K¥utp~: 1 < ¢ < 6GeVet) .04 (0.020 0.007 (.02
[T L i App( B = Kt p) 1054 St 1.9% ~ T
AlKptp 1 < < 6GeVHet) 0.14 0.07 0.024 ~ (1012
B(BY = atptpy~) /BB = Ktputu~) 14% T 2.4% ~ 1%
Higes BiBY = ptu~) (1077) 1.0 (.5 0.19 0.3

[enELin H[H' AT :-,-"HIILﬁ' RNTR 2005 1105 40%, ~ 5%

L nitarity (B = [ fi 4° 1.1 el igible
Lriangle B = R 17 11° 2.4° el igible
angles G(EY = Jiy KY) 1.7° (.8° 0.31° el izible
Charm Ap (P — KK ) (1074 34 22 0.5

P violation Ader (10 %) (.8 (.5 0.12

. o .+ sample sizes in most exclusive B and D final states far larger
., Tim Gershon than those collected elsewhere 54
WV Arratpeine < - No serious competition in study of B_ decays and CP violation




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 — preparation of TDRs already started
— Sub-detector TDRs

e 2014-17
- Final R&D, production and construction

« 2018 (LS2)

- Installation of upgraded LHCb detector (requires 18 months)

Tim Gershon
HF at'the/LHC
AIRY VLA
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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

\

A lesson from history

* New physics shows up at precision frontier
before energy frontier

GIM mechanism before discovery of charm
CP violation / CKM before discovery of bottom & top
Neutral currents before discovery of Z

* Particularly sensitive — loop processes

Standard Model contributions suppressed / absent
flavour changing neutral currents (rare decays)

CP violation

lepton flavour / number violation / lepton universality

Tim Gershon
HF: at'the/LHC
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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 57
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Summary

* Huge recent progress in quark-flavour physics

- In particular with results from LHCb, which has definitively proved the concept of a
forward spectrometer at a hadron collider

« Standard Model survives

- several “tensions” alleviated with improved measurements
— further investigation still needed in many areas (a,, K*uu, B - D™®1v, etc.)

— now probing regions where “realistic” new physics effects might appear

sl?

- looking forward to many new results on full Run 1, and then Run 2, data sets
« Exciting short- and mid-term prospects
- LHCDb upgrade confirmed as a core component of LHC exploitation

Tim Gershon
HF at'the/LHC
AIRY VLA
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Range of CKM phenomena

nuclear transitions

_ PIBETA
pion decays
dispersion relations kaons Naed, KB, INHBIE, TR
hyperon decays
hadronic matrix elements tau decays CHORUS
neutrino interactions
chiral perturbation theory charm KEDR, FOCUS, CLEO, BES

lattice QCD BABAR, BELLE, LHCb

bottom

flavour symmetries ALEPH, DELPHI, L3, OPAL

W decays
CDF, DO, ATLAS, CMS

heavy quark effective theories

operator product expansion
top

perturbative QCD
Tim Gershon

HFat'the LHC i IeQ]
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Heavy flavour production @ ATLAS

“Measurement of the differential cross-sections of
inclusive, prompt and non-prompt J/Y production
in proton-proton collisions at Vs = 7 TeV”
Nucl. Phys. B 850 (2011) 387

%‘1025 I Inclusive or oEs-Sectio E %‘ 2: Inchusive cross-sectio
S 1ol T B AR
% 10?_—"!4-"_“? Spin-aignment envelops _j g 10:_ ey Spin-alignme: memeope ~
D_'_ 1__ o E D.'_ 1i JJI:
=] =] E
B 41 e 5 o
*13%10 E 5107k - : ]
210%F s , 2102F anas : 1+ “Measurement of the b-hadron production
7 7
310_3:—\J—S—TTEV - _: ? O_J:_\E-?Te\.l’ - 4 _: . . %
I v R0 e o cross section using decays to D*+ y- X
e °67890 20 3059 final states in pp collisions at Vs = 7 TeV
p;" [GeV] P, [GeV]
< ———— I — —— with the ATLAS detector”
- NG usSve or oEs-3 - Eh NCIUSVE Cross-gec :
210°F mei 1§ mas a3 Nucl. Phys. B 864 (2012) 341
= { .
:102‘.—‘_Mh_1i! Spn-agnmemen\leope E u: 1DE .“f';—‘, Spn-agnmememeope .
°_ E Ty e - oy —
!EL 10;_ Fon 2 !EL 1F ‘.. % A I I I I ,q'_l'li'_,qs I E E ® D 2:310 Lok I I ATLAS
% 1 !.'!‘" . E ‘";‘310"'-— T 5 e YE=T7TeV ] 2 ZLUW-'GJ'*HA . NE=T Tav
’-;,:10_1:_ — E = . =ArE E E EO—----rtw45Jd-rwu
F1g2p s ' F102h anas .o TP ot et IR I S
E BT Tev E F W=7 Tev g i | e BONIHES SHETH E —
5;10'3;— Lat=22pb" -—: 1:31 0-32 ILm_zzpb' t 310‘5— MO E % 15_T_—Q—._,’7 _+_
® 1 2 s4se7 10 2030 ° 5 6 78910 20 30 5 | e R
Py [GeV] Py [Ge\ e 1 1 0% B I
E p|-: [E-Tel=l Tf:'!l-\'_?‘i B 5_9 8 Ge'V r|--i 125 __
1ICIE:'.] 3IG4:’JE:3 EICI]"::IECI CI_ = IG!EI = ‘II = I1!5I = é = IE_.S
p,(H) [GeV] ml(H)
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Heavy flavour production @ CMS

“J/IP and Y(2S) production in pp collisions
atvs=7TeV”
J. High Energy Phys. 02 (2012) 011

I'I'p‘l J'u—a wr, l.l'lt:ol'l’e{:imml' au:ep‘lame
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“Measurement of the cross section for
production of b b-bar X, decaying to
muons in pp collisions at svV=7 TeV”
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% &  J.High Energy Phys. 06 (2012) 110
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“Prompt charm production in pp

collisions at Vs = 7 TeV”
LHCbh-PAPER-2012-041

r

10™ x defdp,_[Wh/(GeVie)]

I

: S ~
= —t
2 o /
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= =%
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= =t _, =
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4

+— LHCb data
—— FONLL

LHCb
- JE=TTeV
-~ 2
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2 i 4 5 6 7 & [/
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Heavy flavour production @ LHCD

“Measurement of J/{ production in
pp collisions at Vs = 7 TeV”
Eur. Phys. J. C 71 (2011) 1645

3 P mth! \F ?TV LHCb -
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I:_ ® 30<y<35 ' ]
E v 35<y<40 3
E 0 40<y <43 E
10! ' |
5 10 15
"Measurement of a(pp - bbX) Py [GeVIe]
at Vs = 7 TeV in the forward region"
Physics Letters B 694 (2010) 209
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Unconventional states (l1)

Charged bottomonium-likg“slt.qtgsw

Belle PRL 108 (2012) 122001

Studied in “Y(5S)” - (bb)mt*n
amplitude analyses

N% 120{:{:{ (a) “:g wsnnf (b)
= 100C N E 1500~ N
2 e N (IS)T Zies N (2S)T
% 6000k gmmn-
= =
W sp00f w7500
2000} ']' _[_ {' 2000F 4
a Illlu‘.l{', 2500}
Tﬁl [l J[T J[ ok
-zmni T U] . g . . I.
104 105 10.6 10.7 10.4 105 106 107
ss (), GEVIE® M,..(m), GeVie®
Final state Ti{l8)x "« T(25 )™« T35 )x "« (1P )w ™ hy(2P)m ™
MI[Zo(10610)], MeV /e 10611 +4+3 10609+ 243 10608 +2+3 10605+ 277 10 :'J'J' e
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Rel. phase, degrees 58 4373 ~13+13° 9+ 1974 | I Il r i PN

Interpretation of Z * states as B*B* molecules

Tim Gershon
HF: at'the/LHC

INT VAN

(Events/5 MeV/c?) (Bvents/10 MeV,/c?)

(Bvents/4 MeV/co?)
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o0 Y(ZS)n
60 [
an | i[l-H\IHL‘-FH
m:
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Y(3S)m
g0} :
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BESIII PRL 110 (2013) 252001 Studied in Y(4260) - J/WTTTT
& Belle PRL 110 (2013) 252002 not amplitude analysis
NU 100 :_ i :: fit
g‘;‘ 1_4;— . 3_5 ::‘ 1?_ |.10 -':; : «==+ Background fit
% 1.2F :'- - 4 % e 8 QD au ~ —= PHESP MC
S 4t e 35 O 18 t:% 7 (O]
) N IR s e ] — 15fF o -— =
L i S g 2 s 3 uf Tl 2 o 60
= [ o By y \ 3 b, . =
L o6f - S 2 £ ok R : e
r : P F . —
0_4;_ - 15 = 12;_ ,vg : 2 E 4{]
02F  tigdn 0.5 11;‘ el 1 !q:}
q[] 1I1 1I2 1I3 11’4 1I5 1I8 1I? 18 0 1[“\0 1I1 1.2 1I3 1l4 1I5 1I8 1I? 18 g u:j 2{] '
M (i) (GeVicH)? M+ Jhy) (GeVic?)? -

Unconventional states (lil)
Charged charmonium-like states

o

37 38 39 40
Mo (T8 ) (GBWC2 )

Z (3900) adds to a list of claimed charged charmonium-like states

(Z(4430) in Y'TT*, Z (4050), Z (4250) in x_1T")

Independent confirmations (or refutations) needed ...
Careful amplitude analyses are necessary to understand broad peaks

Tim Gershon
HF at'the/LHC
AIRY VLA

“The story of the pentaquark shows how poorly we understand
QCD” — F. Wilczek, 2005
— are we approaching understanding beyond qq and qqq?
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The smoking gun exotic hadron:

A charged charmonium-like state
B° .. Z(4430) K", Z(4430) - W'TT

Belle PRL 100 (2008) 142001 BABAR PRD 79 (2009) 112001

30

- B':"’—:, w2SITK™ (b)

[ K wvetwn

nts/10 MeVie®

N
o
Eve

Events/0.01 GeV

10

38 . 43 . . s 1 EEIE R e EAmmr =y 78
My, (GeVicT) My, 56, (GeV/CT)
Clear peak Data consistent with K1t reflections
Still there in more detailed analysis Slight peak but no evidence for new state
PRD 80 (2009) 031104 But also consistent with Belle

Need more experimental input
Tim Gershon (CDF, DO, ATLAS, CMS or LHCb) 66
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Large CP violation effects exist
sin(2p) from B® - J/PK®_
BABAR BELLE

2 (@) ] 8 400} 8
S 400 ' 2 350} 12 250}
2 » S00F » 200
s £ 250} =
p = 200} > 150p
2 04 150} 100}
g 02 100}
2 0 - 50
LE-o.z Sg_ 0
2 %0 z Z o6l
: 2 [ g O
gzoo E. ~T E__ 0.4
‘5100: ] 0_2: @ 0.2}
" o} 0
2 04f i
g 0.2f -0.2
g 02¢
E“ 0; -0.4_— + -0.4
E 02f -0.6} -0.6
o 5 5 S s 6420 24 6 6 -4 20246
t(ps) At (ps) At (ps)
PRD 79 (2009) 072009 PRL 108 (2012) 171802
_ World average: sin(2f3) = 0.679 £ 0.020
Tim Gershon 67
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... and T Is also violated, as expected

.................

o+t

0.5

(]
FEN

0

e.g. AT(EOH B ) between (I tag, J/YK_, At>0) “5
and (I" tag, JIYK , At<0) 0—
~ %( AS_"sin(Am At) + AC *cos(Am At) ) o

Tim Gershon
HF at'the/LHC
AIRY VLA

At (ps)

0.5

()

(iR
s

BaBar
PRL 109 (2012) 211801

Generalisation of usual
sin(23) analysis allowing
for separate CP, T and
CPT violating terms

No significant sign of CPT
violation in any test

Contours show AST+¢AST‘¢O |

— T violation at 140

B —




y from B” - DK, D - K®_h™h"

LHCb (1/fb)
Phys. Lett. B 718 (2012) 43
* Results from “GGSZ” mode very important to break

ambiguities in determination of y

« Model-independent approach using D - Ko.mt*11- and
(world first) D - KO _K*K-

i . ! 1
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x L Long K g i
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v F ——— Sum, incld. combinatorics ] 0 Al " [
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£ 100 v Miadn - ml(KK*K™), K*] (MeVic?)

k= Partially reconstructed ] ;

= e ]

jin| P ]

SO =

Im erS On 5200 5400 5600 5800

69
HF at'the LHC ml(Ka*w ) K*] (MeVic?)
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y from B” - DK, D - K®_h™h"
LHCb (1/fb)

Phys. Lett. B 718 (2012) 43

Reconstruct Dalitz plot distributions ... ... bin them ...
_ (in complicated but ~optimal way)
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Tim Gershon : 3 3 T v v T
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Reconstruct Dalitz plot distributions ...

y from B” - DK, D - K®_h™h"

m? (GeV/c?)

m2 (GeV /)

I Ll_ﬁl ‘ II!RI
mZ2 (GeV/c?)
Tim Gershon
HF: at'the/LHC
YV LA

m? (GeV/c?)

m? (GeV¥/c?)

[

3

PR PR
1.6 1.8
m? (GeV¥/c*)

LHCb (1/fb)

Phys. Lett. B 718 (2012) 43

... binthem ...
(in complicated but ~optimal way)

- LHCb
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. fit for y sensitive observables
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B_1v&B_D1v

< 1o Bl ez BaBar PRL 109 (2012) 101802
& preliminar
BaBar arXiv:1207.0698 2 50 Belle PRD 82 (2010) 072005

) S -
Belle arXiv:1208.4678 g OHLig T i d
o A0
M. Nakao @ ICHEP 2012 i s g JN
|”| ) . | 00— | 08 I -"ﬂ's_ (99)
% o2 04 Oi% 358 1 12 - M Pl (GEV) 11 gy %
ecL e — 5
£z L —— QD
BaBar [468M] f ° / (1.70:0.80:020)x10" 9 35 7 ol MR i v C_?. =
(2010) semilep-tag PRD81,051101 ) = - =
BaBar [468M] _ (1.83 ) >+0.24)x10™ = 8 ol
(2012) hadronic-tag arxiv:1207.0698 3.80 =z =R
BaBar (combined) (1.79:+0.48)x10™ g 0 w
with correlations arxiv:1207.0698 3z 5 AN
Belle [657M] (1.54 038 40,144 g =%
(2010) semilep-tag PRD82,071101 3.60 = g %’_
Belle [772M] et ©072775041x10° 305 O =: O
(2012) hadronic-tag ICHEP 2012 ' 3 TENT &
Belle (combined) ——| (0.96+0.26)x10™ % ’ N
with correlations ICHEP 2012 = L C:DT
W.A. — i (1.15+0.23)x10™ % g 0
private average (MN) SM (1.20:0.25)<10" ICHEP 2012 & =
CKMfitter {u.?a;";f}m 0 B
o 1 2 3
BF(B—1tv) (107)

TIrHr,‘: a(};tﬁgsl_ngn Significance (from 0) below the usual

~ LA A threshold to claim observation Wier, MASOln WASIRE Y

R A B — [ 5y T Backgroamd




|V | from {in,ex}clusive semileptonic decays

PBFLB based on

BaBar PRD 83 (2011) 052011 & Some tension between exclusive and

PRD 83 (2011) 032007 : : _
Belle PRD 83 (2011) 071101(R) Inclusive results. PBFLB concludes:

oxe Vib lexel = [3.23 (1 £ 0,050 & 0,08 )] % 107
L o12f s Bele Vablinet = [4.42 (1 £ 0.0450xp £ 0.0344,)] x 1073,
O i ¥ BaBarl:IE!:uns; ] i '
(0] e BaBar (6 bins) 1 This average has a probability of P(y*) = 0.003. Thus we
- 10 BCL fit (3+1par) ] Y
cb i ENALMILE scale the error by /x? = 3.0 and arrive at
- r _ m ¥
q 8l T Vin| = [3.95 (1 £ 00960 + 0.099,,)] % 1077
T 2 . ] i - .
= IS SRES SR Ay 2 S O - - .
S | et ] Similar tension also for [V _|
- 'I -
4 Hah o T T
2 B2 -mv . -
i [ . Ve .
U — 015 20 2'5 ‘ Better understanding needed
2 to reduce uncertaint
¢ (GeV?) 4
Tim Gershon _ x - 73
/A HRatthe/LHG lattice uncertainty
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Replace short dipoles
with longer ones (LER)

. New beam pipe

KEKB to SuperKEKB @ ngé

_<\ Belle Il Colliding bunches

New superconducting
/permanent final focusing

& bell
cow quads near the IP

HHHHHIHE
ol

LI B e
Add / modify RF systems e
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

Positron source

positrons to inject I
3

Damping ring ”\-__,, ..
Ve &

Low emittance gun

Low emittance
electrons to inject

New positron target /
capture section

To obtain x40 higher luminosity



Belle Il Detector

and Muon aetector. TN
Resistive Plate Counter (barrel outer

layers)

Scintillator + WLSF + MPPC (end-caps,
1 ) ____——

EM Calorimeter:
Csl(Tl), waveform sampling (barrel)
Pure Csl + waveform sampling (end-caps)

\_}\ Mrticle |dentification
electrons (7Ge Time-of-Propagation counter (barrel)
( > Prox. focusing Aerogel RICH (fwd)

P
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers
_DSSD

<\
positrons
(4GeV)

Central Drift Chamber
He(50%):C.Hs(50%), small cells,
long lever arm, fast electronics

Peter Krizan, Ljubljana



D

Belle Il Detector (in comparison with Bell g

Belle IT

1 ‘ 2 ‘ 3 4 5 6 ‘ 7 ‘ 8 ‘ 9 10 11 ‘ 12
TOP VIEW
A Bdckiard Barret Forrard A
M Super conducting coll KLM
= SAANANRANRNNRESRRRAD,
— N | \\\\\\???"'“.l\ ““IEGL/ / /1580 Innnannnnm —
LLF L i : ‘ A A AN i ._J‘L‘ L LA A \ Nis | |
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N ; 5 SVD PXD(2 layers) & zre \ o B
e | N\ 310 570 , — = k 22
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\ e > '\ SVD :
e e — T - IP Chamber E
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= - 573{Cryostat) | 600{Cryostat)
— T cDC -
: —
‘A HEr & FEH /'} 777 '_;_:- TTTTTT] T '.'Il'zghﬁ"—.: ISR < EFFRERERR B EREHA ||
= = G
SVD: 4 DSSD lyrs 0 2 DEPFET lyrs + 4 DSSD lyrs B KLM

CDC: small cell, long lever arm - —

ACC+TOF 0 TOP+A-RICH T

T

CLEARN & OF GRCAST

e Sranmar 1o RI| o |R‘I H
=

ECL: waveform sampling (+pure Csl for endcaps) A

EBaleSale-|
Belle-ll{Nano beam opfign) | =

KLM: RPC [ Scintillator +MPPC (endcaps, barrel inner 2 lyrs) eliminary | e [=[es

| 10 | 11 [ 12
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Super

KeEKB
Schedule >
70
60
Goal of Belle ll/SuperKEKB

S > 50

Q£

© S 40

0.

3 E a 30 We will reach 50 ab-!

==2= in 2022
20
10 9 months/year

20 days/month
a5 0 PRI EEPEPEP T RPN
x10°" 8 Commissioning
6 starts in 2015.
o
'g -~ 4 Shutdown
v e 9 for upgrade
S EE >
a2 | | | I I

Mo 2012 2014 2016 2018 2020 2022
Year

The schedule is likely to shift by a few months because of a new
construction/commissioning strateqgy for the final quads.
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