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‘ Breaching the walls of the Standard Model

Full frontal assault Something more cunning

e.qg. virtual SUSY in rare b/c-transitions

5 SM ¢ b SUSY v

One example: i WA
Both are needed to understand the super-rare

nature of any New Physics ! B,—uu decay

the direct search approach i.e. on-shell
production of e.g. SUSY particles




‘ B physics — 25 years of steady progress, e.g. time-dependent CPV
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Many facilities, many experiments...
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The B-factory legacy — validating the CKM mechanism

BaBar & Belle made a host of very significant measurements, & flavour physics in

the last decade has also received critical inputs from the Tevatron, but most important

achievement remains the measurement of sin23, primarily though B°—J/yKg decays
sin(2) = sin(2¢,) A
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This measurement validates the CKM mechanism as being the leading order
agent of CP-violation in nature (and gave the cue for K & M’s 2008 Nobel prize)

Last decade we had 3 B-physics colliders in operation, now we have 1 - the LHC

New Physics through Beauty
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LHCDb — the essentials

LHCDb — a forward spectrometer optimised SPOPS o2

for heavy-flavour physics at the LHC . o) “
- forward acceptance (2 < n < 5) = I | II I

* high bandwidth trigger

* acceptance down to low p,

» precise vertexing (VELO)

» hadron identification (RICHes)

Updated: 18:23:21

LHCDb operation proceeds in harmony
with higher luminosity operation of
ATLAS/CMS thanks to luminosity leveling.

—ATLAS/CMS fumi
falls exponentially

2500

« 37 pb-! collected in 2010
«1fb1in 2011 and 2 fb'in 2012 _
« aim for ~8 fb-! before 2018-19 shutdown 5 /

1 T 1 1 1 T
08:00 10:00 1200 14:00 16:00 18:00

UK is the biggest single national contributor, —— "% "% =™ =™
& has led the design, construction & operation of the VELO & RICH subdetectors

LHCb lumi continually leveled

New Physics through Beauty
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‘ Beauty physics — current concerns

Five selected topics with genuine New Physics discovery potential...

* CKM metrology — the quest
for precise knowledge of vy

* CPV in B¢ mixing-related
phenomena

* In search of the
super-rare: B® ;) —uu

* LHC data confronts electroweak
Penguins: B—>KOuu

* Loose ends (?) from the
B-factories: B—tv, DOty

...for which results have recently become available &/or progress is soon expected

New Physics through Beauty
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Precision CKM-metrology:
the next challenge

B-factories (& others) have done a great job in
mapping out unitarity triangle. But further progress
needs, in particular, improved knowledge of angle vy

Look in B* — DK* decays using

common mode for D9 & DO Favoured
— v sensitive interference I LAY
— different rates for B* & B- (CPV!) LS e
- b
. v

Many possibilities: Kmr, KK, Krrrr... i

Tree-level decays: strategy very clean & yields result unpolluted by New Physics

This is a good thing! Provides SM benchmark against which other loop-driven NP
sensitive observables can be compared (e.g. Am/Am,, sin2, y measured in B—hh)

New Physics through Beauty
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vy measurement — the last ~10 years

The story so far...
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Consistent with the
indirect prediction...

-~

...but half as precise

...factor 3 improvement in 10 years.
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Events / ( 5 MeV/c?)

Yy measurement: true precision needs

statistical muscle of LHCDb

Rare, important decays just beyond the reach of the B-factories (e.g. the

suppressed ‘ADS’ B* — (K+11%);K*mode (BR ~ 10-7) was soon seen at LHCb

LHCb LHCb  _|
B'—)[n-K+]DK'——— i il B_—}[K_K']DK+ N
.'HH:MIHI} 5 | gy

5600 5600
m(DhY) (MeV/c2)

This CP asymmetry carries ultra-clean, easy to interpret, information on vy !

[c0z (z102) 212 91d]
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[LHCb,CONF-2013-004]

=me s Low mass
| Cleaner than
& __ B-factories !

B— DK method has been applied by LHCDb to
D—Kgrrm and KgKK (here with 2012 data). CPV leads &

to difference in D Dalitz plots for B* and B- decays 0%5560 3400 5600 3800
m(DK*) [MeV/c?]
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Data analysed in bins which have similar D decay strong-phase. To retain
model independence these phases are taken from measurements of quantum-
correlated DDbar pairs at CLEO-c [PRrD 82 (2010) 112006] - Will be improved by BES-III.

Cleanliness of measurement preserved exploiting synergy of facilities !

New Physics through Beauty
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LHCDb: current precision on y and future prospects

—
. . _) L_IJ
Combination of LHCb B—DK - -

results obtained so far %
E O
Precision of ~12° - now better than 2
that obtained with B-factory samples L N
Will improve steadily: - 99] o \ >
» more modes to be analysed I R T '[']
-Y (s}

(there are many...)

* Add 2012 updates for many key modes and post-LS1 data

Aim for ~ 4° uncertainty after first stage LHCb (matches current indirect precision)

New Physics through Beauty
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Mixing induced CPV in B, system

CPV phase, @, in B mixing-decay interference, e.g. measured in B,.—J/VY®, very
small & precisely predicted in SM. Box diagram offers tempting entry point for NP!

Tevatron results were tantalising with early

[PRD 85 (2012) 072002]

------- before adjustment

—— 68% CL 5.2 fl:rl_

——————— before adjustment

| . T
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! i fp
—8— SM expectation N
- gymmetry line . ]

data and remain intriguing with final sample: T
0.6
[PRD 85 (2012) 032006] §
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Results are consistent, & both are ~10 away from SM

-1 0.5 1 1.5

0,.,, 05
p,** lradl = -, /2

. What about the LHC?
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Precision studies of @D,

e Tagged mixed

v Tagged unmixed

The LHC (firstly LHCb & now ATLAS/CMS)
has brought clarity to the ¢, picture.

LHCDb attributes/contributions:

4001

= Fit mixed
==== Fit unmixed

candidates / (0.1 ps)

2001

. Statistics and time resolution! **" B, oscillation seenin Dy ™ 7a?
B.—J/W¢ analysis with ~4x precision of 0 1 2 3 4
Tevatron [LHCb-CONF-2012-002]

_ 2oo0p— r———r— y
% 1600 : B°—J/yKn n BS%J/J;?CIJ :

* Augment this with novel analysis in l %moi/ B>y E
complementary channel B.—J/¥mmr i Ny = 7400 3
[PLB 713 (2012) 378] i 3
400 =

0 3 N / . E

» Finally, perform study looking at strong-phase ~ T ) (Mev)
change w.r.t. KK invariant mass in J/#KK which S :
resolves 2-fold ambiguity [PRL 108 (2012) 241801 £ 4f LHCD ——
guity [ (2012) ] o S f

_ | s +T ]
Final LHCb 2011 results recently published - l :
. 1 ] ]

[PRD 87 (2013) 112010] and overall picture now clear. o —+ E
— IOIOO — 10|2D - 10|40 -

m(K'K) [MeV/c?]
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Precision studies of @D,

_
z |
o~

o Tacoed mixed

Earlier hints of large NP effects emphatically not confirmed...
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...but observable remains a priori very sensitive to non-SM contributions
and essential to improve precision over coming 5 years (and beyond).
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The elephant in the room: a

Flavour-specific CP asymmetry in B decays, most easily
measured in semileptonics (hence a,) accesses CP-violation
in mixing. Extremely small in SM, especially in B, system.

[DO, PRD 84 (20

11) 052007]

0.02 | . N
: = | DO measurement, made with dileptons,
e | measures a superposition of as; and ad
0 = I
‘ | = 1 2011 result lies 3.90 from SM.
\ | I
» Standard Model | o .
002 | = B Factory WA, = ?:/Iost easllly interpreted as a B, d.rlver_1 effect.
1 DOB DX hallenging, however, to reconcile with
B DO A — other measurements, e.g. B.—J/Wo, J/Y1mrm
| poAlesgcL —— e : :
-0.04 e — Last month the DO ‘final word’ was published
DO, 9.0 fh —
L ] L L L L 1 1
-0.04 -0.02 0 0.02
ﬂgl
New Physics through Beauty
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Final DO like-sigh dimuon charge asymmetry

e Int. lumi 9.0—10.4 fb™" « New cross-checks

1) H 1 )
What's new in ‘last word - Detailed study of IP info  in bckgd studies
DO analysis [arxiv:13110.0447] ?  « Detailed study on « Improved sophistication
kinematic dependence in interpretation
Contours from Including dedicated DO Including input from
dimuon result alone results on as, and asg, B-factories and LHCb
07 0.02 . . 02— e B
o - & . s 2
DO, 10.4 fb’! | DO, 10.4 b e 32 | Profile at (SM) AT, /T, = 0.42%
AT /T, = 0.0150 wp |
(WA, +0.0180) _ N RS o
0 i 0 \ .SM
- | ' N
i 1 r I il October 2013
0.021 " Siandard Model 1 0020 | Siandard Model RS =2/~ @ swndard Model
" DO B DX _ | [ Do B'—u' DX ' B
T o Bs—yp,’]);x 300 _ I po B _:,IJ"'D;X 10 -ngmemmmsuar,fr, 290
-0.04 = Central value from from . 004 = Cent:al value = o : from
’ dimuon asymmetry SM | SM | 4 koL mies oty 559 SM
- -anc:mhlmuunoin:,.a;& AT IT, -
004 -0.02 0 0.0 00 002 0 0 S I T2
ay ay ag (%)

( Note these fits are floating as,, a%, and Al /T’y — other possibilities presented in paper )

Best bet for enlightenment: super-precise measurements of as, and ad,, at LHCb



‘ Beauty physics — current concerns

Five selected topics with genuine New Physics discovery potential...

* CKM metrology — the quest
for precise knowledge of vy
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* In search of the
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’s) M — a twenty-five year old quest

We have been searching for B® and B% —pu for a long time...

Volume 199, number 3 PHYSICS LETTERS B 24 December 1987

Volume 262, number 1| PHYSICS LETTERS B L3 July 1991

B MESON DECAYS INTO CHARMONIUM STATES
ARGUS Collaboration

H. ALBRECHT, A.A. ANDAM ', U. BINDER, P. BOCKMANN, R. GLASER, G. HARDER. - .
A.KRUGER, A, NIPPE, M. SCHAFER, W. SCHMIDT-PARZEFALL, H. SCHRODER, A search for rare B meson decays at the CERN SppS Collider
H.D. SCHULZ, R. WURTH, A. YAGIL >*
DESY, D-2000 Hamburg, Fed. Rep. Germany

UAl Collaboration, CERN, Geneva, Switzerland

J.P. DONKER, A. DRESCHER, D. KAMP, H. KOLANOSKI, U. MATTHIESEN, H. SCHECK,

B. SPAAN, J. SPENGLER, D. WEGENER Aachen-Amsterdam (NIKHEF)-Annecy ( LAPP)-Birmingham-Boston-CERN-Helsinki-
Institut fiir Physik, Universitat Dovinnund *, Universitdt Dovimund, D-6400 Dortmund, Fed. Rep. Germany Kiel—Imperial CO“EE.E, Lnndon—Queen Mary Wﬂtﬁeld College, Lom;lon—Madricl IC]EMAT )_
MIT-Padua-Paris { Collége de France )-Rome-Rutherford Appleton Laboratory—

Saclay (CEN)-UCLA-Vienna

; 3
L;b;zr—hrmls for cxlusive dilcpton decays. C. Albajar *, M.G. Albrow *, 0.C. Allkofer =', K. Ankoviak ¢, B. Apsimon ¥, B. Aubert ¢,
C. Bacei ', S. Bartha °, G. Bauer , A. Bettini B A, Bezaguet *, P. Biddulph ', H. Bohn ©,
Decay channel Upper limit A. Bishrer /, R. Bonino *, K. Bos ¥, M. Botlo *, D. Brockhausen °, C. Buchanan 9, B. Buschbeck *,
with 90% CL [ 3¢ 10] G. Busetto ®, A. Caner ", P. Casoli ", H. Castilla-Valdez 9, F. Cavanna , P. Cennini *,
S. Centro ", F. Ceradini *, G. Ciapetti ', S, Cittolin *, E. Clayton ™, D, Cline 9, J. Colas ©,
B ete 8.5 R. Conte ", J.A. Coughlan °, D. Dau , C. Daum *, M. Della Negra *, M. Demaulin ?,
BYep - 30 D. Denegri ®, H. Dibon *, A. DiCiaccio *, F.J. Diez Hedo *, L. Dobrzynski ©, J. Dorenbosch ¥,

Blaetp” 5.0

Received 21 March 1991

We report on a search for the decays BY - p*p, Boop® X snd BY o p* - K™, which are expected 1o be rare i mediated by
flavar changing newtral currents, Using data collected during the | %84-158% CERN pp Collider runs, the UAL search was carricd
ot using g~ ovents with 3.9 < 8, < 5.5 GeV /e, We find 0% confidence level uppes limits oa the branching ratios for B~ p ¥ =

PHYSICAL REVIEW D. VOLUME 1. (91102(R)
Search for decays of BY mesons into pairs of leptons: B'—ete™, B'—pu*u~, and B*—e*u™

T. Bargfeld, B. I. Eisenstein, J. Emst, G. E. Gladding, G. D. Gollin, B. M. Hans, E. Johncon, [ Karlinar, M A Marsh,

-8 - -1 TR T -5 A -
s . Dlager, C. Sedlack, M Selen 1. 1. Thater, and J. Williams Ml.}x 10—, For Bop*p =X of 5,00 10*, and for B - p*p K™ of 2.3 10, Implications for upper limits on the tquark mass
University of Diinosz, Urbane-Champaign, Tiinois 61801 are discussed,
E_W. Edwards
Carieton University, Oterwa, Ontario, Canada K15 5BS
and the Institute of Particie Physics, Canada 1. Imroduction

R Janicek and P. M. Patel
McGill University, Meniréai, Québec, Canada H34 278
and the Institute of Particle Physics, Canada

Flavor changing neutral currents are forbidden at
1he tree level in the standard model of electroweak

interactions. However, these transitions are expecied
wlaen lewel thenneh the encealled menenin

A. I Sadeff
Ithaca Cailege. Tthaca, New Tork 145350

(CLEQ Collaboration)
(Received 19 July 2000; published 2 October 2000

We search for the decay of the B” meson into a pair of leptons in the suppressed channels B®—e"¢ ™,
B p*p and in the lapton number violating chemmel %+ p” in a sample of 9.7 10° BETpsirs TR
corded by CLEOQ detector. No signal is found, and the following upper limits on the branching factions are
establishad: B{B" —ete )<83x1077, BB "+ p'p )<61x1077, BB" e p)<15x107 7 at 90%
confidence level A new lower limit on the Pati-Salam leptoquark mass M ,>-27 TeV is established at $0%
confidence level 20



BY —upp — the hunt is over

For many years, an enhancement in B;.—pp was best bet for finding NP in flavour.
The good news: We now see the decay!

CMS LHCDb
PRL 111 (2013) 101804 PRL 111 (2013) 101805
" : ?L::T:'DF 16 ! ) ' ) v I
12:_ E:;gll'l:;mrial bhg 14 ;_- LHCb
1ol L peaking kg BDT>0.7
3 fb!

(=]
T T

Coor>
e

Candidates / (44 MeV/c?)

S/S+B) Weighted Events / { 0.04 GeV)

1 lIJlIIIllllllllllllllll]llllll

R 5000 s
49 5 51 52 53 54 55 56 57 58 5f£ -2
GV M., [MeV/c?]
Events weighted by S/(S+B) Only events with BDT = 0.7

The bad news: it is entirely compatible with SM (albeit a little low).

New Physics through Beauty
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BOS _)MM — the hunt iS Over LHCb-CONF-2013-012

Here is the combination — note the
rapid progress since LHC turn on

CMS-PAS-BPH-13-007

Also note we are starting to
gain sensitivity to the even
rarer sister decay B%—pu

~1
DO 10.4fb CDF 10t i sm
CDF 10fb ' |-
ATLAS 49fb ' LHCb 3fb ' |
preliminary
1]
LHCb 3fb M oMs 25! L "
CMS 25 ' |-
CMS+LHCb | . .
%ﬁﬁ;h?a?yb | preliminary y
A e | R B P I T UNI IN T N NN N N I A MR SR 1 L P N AT T T T T T T S T T M A ST TN S N S N S
O 2 4 o6 8 10 12 14 16 18 20 22 0 1 2 3 4 5 6 7
B(B > ww) [107] B(B'— wy) [107]
B{Bi} —utuT) = (2.9 £0.7) x lﬂ_g,
0 +. .-\ _ (g p+16 —10
BB —p p) = (36757%) x 1077,
New Physics through Beauty
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10° x BR(Bg — ptu™)

B, —pp — implications

We were we so excited? Because decay so very precisely predicted in SM,
and so very sensitive to certain models of New Physics (e.g. high tanpp SUSY)

[Straub, arXiv:1012.3893]

2.0 2.0

MSSM-LL MSSM-LL
o
_,_1 ruled out by direct searches
= land EWPT+Higgs mass
T L
g
=t
an!
X
=21
=

10° x BR(B, — ptp™) 10° x BR(B, — putp™)

This is very impressive... but perhaps a little disappointing. But much still to do!

» measure BR precisely — maybe it is lower than SM?
« measure BR(B®—up)/BR(B,— uw)
» measure lifetime and CP asymmetries

New Physics through Beauty
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‘ Beauty physics — current concerns

Five selected topics with genuine New Physics discovery potential...

* CKM metrology — the quest
for precise knowledge of vy

* CPV in B¢ mixing-related
phenomena

* In search of the
super-rare: B® ;) —uu

* LHC data confronts electroweak
Penguins: B—>KOuu

* Loose ends (?) from the
B-factories: B—tv, DOty

...for which results have recently become available &/or progress is soon expected
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LHC confronts

electroweak Penguins

Such decays offer powerful way to probe helicity structure of New Physics.

Flagship mode is B®—K*uy, and poster-child measurement is Agg.
Pioneering measurements from B-factories intriguing — LHCb brought clarity

1 =
Belle: ~250 K*I*I- events

0.5 %1) _________ N —+

L0812l (6002) €01 T14d

g4(GeV4ic?)

I I B | IR R R R
0 2 4 6 8 10 12 14 16 18 20

]
wn
=

l

/} ;
f‘mh | ]

BaBar ~65 K*I*I- eventsﬁ

_\I\ll\lll\ |$)I>I| Illlll‘\llllllllll‘l

20110 (6002) 62 Q¥d

P T | \ 1
068 274 e 8

'10 12~ 14 ~16 18 20

g2 (GeV?/c?)

AFB

Theory HEEBinned
+LHCb

b LHCb  ~880 K*u*u events ]
0sb from 1 fb-’ .
_ Ly Wi
”ix -

L€L (£102) 80 A3Hr

qéz 49:&09)(5&*\/2 ]
0 — 15 I 20
q [Gev*”-;cﬂ

]
—
LI

Particularly important to measure crossing
point (g,2), as this is theoretically clean
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ATLAS-CONF-2013-038

B'—K*pu at ATLAS and CMS

This is a measurement where there is also a strong contribution from the GPDs

L=52fb"

\/§=7TeV

E C T T I T T T ‘ T T T I T T T | T T T I T T T T T I T T T T T T l
- ATLAS Preliminary 3
0.8 =
0.6 —
0.4F —
0.2 ‘} _+_ —
oF- | =
0.2F =
0.4t 5=7 TeV B
-0.6— Theory ]
- J. Ldt = 4.9 fb" —e— ATLAS 1
-0.8— =
- :I L 1 ‘ L 1 L I 1 L 1 ‘ 1 L1 I L 1 1 | 1 L L I 1 1 L | L1 L I 1 1 1 ‘ 1 1 L ; _1 | I | |
1O 2 4 6 8 10 12 14 16 18 20 2 4
Q2 [GeV?]

e

|‘14||

1 | 1 1 1 I 1
16 18
q° (GeV?

Complementary to LHCb because they have particular sensitivity at high g2
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ATLAS-CONF-2013-038

B'—K*pu at ATLAS and CMS

Th Overall, there seems to be excellent agreement with SM expectation
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LHC confronts @/ R
electroweak Penguins

But, there are many other B>—K*uu observables which can be measured
from angular analysis, and not all of these behave as expected

1

- o) T T T T T T T T T T T T T T T T T T T T T T T T T U
D— 0.3 - LH Cb — U W 68.3%CL g
SM Predictlons 0 955t -8
0.6 = []%7%cL D
g 2F 77 Tnchides Low Recoil data ] o9
X 0.4p= —+— Data - ® O
— [ ["] only[1.6] bins o
8 ob— . —| e e o — — —_— °z:j 0 < ©5
@L<
% 0.2 - =
| 0.4} - -2f N
~ o R
0.6 — N <
0.8 — -4 | 3
_1 2 » 2 2 1 2 X X . M = = . 1 L . . —————————
0 15 20 —0.15 -0.10 —0.05 0.00 0.05 0.10 0.15
q? [GeV?/c®l el

Observables can be related to underlying Wilson coefficients, & some commentators
have found correlated behaviour from (smaller) discrepancies in other observables.

Others believe tension is overstated...
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LLHC confronts %/ o o
electroweak Penguins "

But, there are many other B>—K*uu observables which can be measured
from angular analvsis. and not all of these behave as exonected

- 1 T
0 osd  Wait a little - the truth will out soon... 3
0.6H us
0 o 5
pod 0.4f= o @
< 0.2H pags
= o SIS

o

® -0.2}- % g%
S 4t 58
- 0.6 ...there is twice as much data on tape to be analysed. S <
-0.8| ] 3

1 But this isn’t the only surprise in B—>Kuu measurements... fl

Observables can be related to underlying Wilson coefficients, & some commentators
have found correlated behaviour from (smaller) discrepancies in other observables.

Others believe tension is overstated...
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‘ Isospin asymmetries in B—>K®uu

B(B"— KO+ pu~) — ;—‘B(BJF—} K+ ptpu—)

The isospin asymmetr A —
P y y ! B(B"— K#0u+pu—) + I B[B+—} K&+ ptp—)

is expected to be very close to zero in SM (but rises for g2 < 1 GeV? in B—>K*up)

Recently measured by LHCb [JHEP 07 (2012) 133] making use of Kq final states
e.q. for B>Kup

Candidates / (10 MeV/c?)

BY—Kguu B*—K*up
12F T T | INLLI L IR ,..Z._I"'I""I""I""I"" T?-:EI:]I:]—III”III”II”“III”I””—
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FoKuuw@ | Z oo B Kpwm- =20 5 B Ky
8 = = 200
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al * ik _ é 10 H gmo
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VELO detector VELO detector
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‘ Isospin asymmetries in B—>K®uu

Theory -eData
L ﬂ_ﬁ L L L L L L B L L L |

Results for B—K*up vs g2 of di-muons . BoKpy LHCb 3
consistent with 0, as expected N 0.2 3
0.1 =

oF ~3

But that for B—Kpup is systematically low ! 01E t E
Naive average over g2 gives 4.40 effect,... f}i: E
- /777 _{}4_ _z
= N ] 055 : E—

i B—Kuuw LHCb 0 5 20

0.5F HE 3 g2 [GeV¥/c4]

oF t | 1 ...one hinted at by previous experiments
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Looks real but doesnt smell like New Physics HT B D B
(e.g. why is effect seen only in B—Kpu?) but 5 E
certainly unexpected. What is goingonhere ?21? o~ s 10 15 '«'o' e



‘ Beauty physics — current concerns

Five selected topics with genuine New Physics discovery potential...

* CKM metrology — the quest
for precise knowledge of vy

* CPV in B¢ mixing-related
phenomena

* In search of the
super-rare: B® ;) —uu

* LHC data confronts electroweak
Penguins: B—>KOuu

* Loose ends (?) from the
B-factories: B—tv, DOty

...for which results have recently become available &/or progress is soon expected
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W-/H-, 4::/ b | T

B—1v, BoD®ty  meeagg ot

Intriguing offsets in BRs / relative BRs in these modes may be telling us
about charged Higgs sector.

B—o1tv

B = [0.7270:2 (stat) + 0.11(syst)] x 1074

Hadronic ta
g B = [1.8310:33(stat) 4+ 0.24(syst)] x 107*

All results were high w.r.t. SM.
Recent Belle update softens tension,  semileptonic tag
but degrades internal consistency

= [1.5475 37 (stat) 733 (syst)] x 107
= [1.7 £ 0.8(stat) = 0.2(syst)] x 107

0 0.5 1 15 2 25 3

Belle combined: B=(0.96£0.26)x10™* BaBar combined: B=(1.79+£0.48)x107*

B—D®tv
R(D) R(D¥)
7] R 7] ¥ BaBar +2.00c +2.70
,R(D):B(B_—)DT ZT)1 R(D*):B(B__}DT ET)
B(B — D{(—vy) B(B — D*(—vy) Belle +1.40 +3.00
Definite pattern emerging — but, beware, this Watch this space —
measurement is hard! Belle will soon update

Question: are all these hints pointing in the same direction ?
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w-/H-‘,ﬁir/., n- W=
Bl. "8 9.8 -}

B—1v, B—>D®1y

Uu H-
Answer: it seems not — rather different regions in parameter space favoured

B—Tv, Belle+BaBar

(using naive average)

B—D"ltv, BaBar

B—DUlty, Belle
(incl. corr, tanB/my effect)
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(naive average by A. Bozek)
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* B—1tv from Belle-ll
measurements of :

« B>D®™1v from Belle, Belle-Il and (?) LHCb

Question: are all these hints pointing in the same direction ?
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Message from flavour searches after LHC run 1

There are some fascinating anomalies to ponder & follow-up from published run 1
flavour analyses (would it were so from the high p; studies!), but nonetheless
there seems to be no ‘low hanging fruit’ - so we’ll have to climb higher.

That’'s OK, as the view will be better !

New Physics through Beauty
15/11/13 Guy Wilkinson 35



Dreaming about ultra-high statistics

Big improvements foreseen before 2018-19 long shutdown (e.g. ~8 fb-! at LHCb,
~ doubling in x-sec from E,, w.r.t. 2012, improved analysis methods) but we can
dream of what could be achieved with a very large increase in sample sizes e.qg.

* CKM metrology

Determine y with sub-degree precision to match anticipated improvements
in indirect precision coming from lattice QCD. Improve 3 down to ~0.02°.

« CPV in B mixing
Measurement of ¢  with precision much better than SM central
value, to probe for sub-leading contributions from NP.

* Bo(s)_)l-”J
True precision measurement of BR down to theory uncertainty
and first measurement of ultra-suppressed B°—uu BR.

* BO—K*pp
Precision studies of all observables of interest through full angular analysis

« Charm

Extensive study of direct CPV across wide range of modes.
Sensitivity to indirect CPV down to SM expectation.

Plus great improvements in precision, & new measurements, in many other topics!
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Realising the dream — the LHCb upgrade

LHCD collaboration plans an upgrade, to be installed in 2018-19 shutdown

Essential features:

* Full software trigger: will readout into DAQ all subdetectors at 40 MHz
(c.f. 1 MHz at present). This will improve efficiency compared with current
hardware trigger, giving factor of two improvement for hadronic final states

* Increase operational luminosity to 1-2 x1033 cm-2s-"

Annual yields in muonic final states will increase 10x w.r.t. most published
analyses, and 20x for hadronic decays. Aim to collect ~50 fb-! in total.

oo
e 1 12
< ooz

Lol (March 2011) and ‘Framework TDR'’
(May 2012) approved by LHCC.

First detector TDRs (VELO and particle
identification) to be submitted this month !
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‘ UK leadership in detector upgrades

UK physicists are leading players in upgrade activities in RICH and VELO.
Bid for full participation in building these detectors is nhow under review.

RICH VELO
Photodetectors must be changed from HPD, | Will switch from strips to a pixel detector,
as readout chips encapsulated inside tubes. cooled with micro-channel technology

Commercial MaPMTs a strong candidate.

Prototype pixel sensor

micro channel =
CO, cooling  [fifi=
—

Pixel readout: Timepix3 — Velopix

Optics of RICH 1 will be modified to spread
out rings & combat the occupancy increase
that would otherwise come from higher lumi.

In addition thin RF foil
and go even closer to
the beam to help in

proper-time resolution.

new apertufe 3.5 mm
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The e*e- frontier: Belle-II

Looking forward, the LHC is not the only show in town. The e*e” programme will
resume with SuperKEKD (accelerator) & Belle-Il (detector) aiming for x50 Belle yield.

70¢
CsI(TI) EM calorimeter: e : ___— K_and muon counter: % 60 -
waveform sampling scintillator + Si-PM for ; C
electronics, pure Csl end-caps G 505 ; i ;
for endcups =t C . j :
£ ,bE  Plantoreach50ab*by2023  /
= F : : :
= : T s R R e e ...
Vertex detector: o — L/ S Aerogel RICH © C i i
2 pixel layers (DEPFET) : : (forward) 2 20— i
4 double-sided strip layers g = :
/ 10 9 months/year

I 20 days.'rrlaonth

rf;x1035 3_ — I N l ..

= C - Commissioning starts

Q B : H :

= 6 in Qarly 2015 ;
Central drift chamber: Time-of-propagation g a4 — USSR S N N S
longer lever arm (barrel) £ i : i
smaller cell size g e % e S

x F e

9 2?)12 2014 2016 2018 2020 2022

Capabilities highly complementary to LHCb, with particular strengths in:

e final states with soft neutrals and neutrinos
* inclusive studies
* tau physics
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Conclusions

Thanks to the LHC, we have crossed a new frontier in flavour physics. LHCb has
exceeded expectations, & ATLAS/CMS have also contributed in some key areas.

Alas, no sign of large New Physics effects. We have to work harder!
Thus in certain key topics (e.g. B;,—pu) the game is now switching
from exploration to precision measurement

Nonetheless, not everything is following the SM script, e.g.:

- dilepton charge asymmetry
- P5’ anomaly and isospin asymmetry in B>KOpp
- BRs of B—1v, DOty

What do these mean? More measurements required!
Plenty of scope for the picture to change over the next ~5 years

LHCb upgrade will bring an added order of magnitude in precision, and
make many new studies possible. Belle-Il will bring complementary strengths.
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Backups
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