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. . Flavour physics is searching for
What is the universe made of? answers to these questions

only 4% of observed universe is made of known matter
96% is not understood
Why is there so much matter and almost no antimatter?

only one in a billion particles are antimatter
Protons & antiprotons annihilated within 1 ms after Big Bang

Why does the Universe look like
Cwthist o like that???
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CP Violation

CP Violation is necessary for matter-antimatter asymmetry

CKM mechanism
predicts mfor 3 generations of quarks
Cabibbo-Kobayashi-Maskawa quark mixing matrix

Vud Vus Vub
V = chd Vcs Vcb
Via Vis Vi

PZ3 discovered in Kaons in 1964 and in B-mesons in 2001
CKM mechanism implies n,/n, ~ 10%* 9 orders of magnitudes too low

Additional sources of [fZg are required

Quark sector?  Flavour experiments - LHCb, (Super) B-factory
Leptogenesis? Neutrinos
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New Physics in Flavour

Flavour explores new physics (NP) beyond the energy frontier
Sensitive to NP appearing as virtual particles in loop processes
Observable deviations from SM expectations in flavour physics

CP violation ()

Standard Model New Physics ?

B.-B, oscillations
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Flavour transitions
probe high mass scales

parameterised in terms
of operators, couplings
and mass scales

NP flavour problem

If couplings c; ~1
NP should have been seen

particles have large
masses >»> 1 TeV or

New physics ruled out
from A=0 to somewhere
in the blue boxes

(s = d) (b—d) (b — s) (¢ — u)
AmK, (37¢ Amd, sin2ﬁ Ams, ASSL D*D

See: Isidori, Nir

couplings are small ¢; << 1 & same as in SM & Perez arXiv:1002.0900;
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Gk LHCb Experiment

LHC is a flavour factory
beauty quark cross section
Very large charm cross section

LHCb

Opp, ~ 300 pb o
GCC D 20 be ~ 6 mb
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I
Magnet

RICHZ — outer

Tracker
straw

VELO&PU
Si

*

Great Vertex Resolution! Primary/secondary separation, proper time resolution.
Excellent momentum and mass resolution.

Outstanding PID (K-n) and u reconstruction.

Dedicated Trigger system for beauty and charmed hadrons
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Very successful 2010/11/12 run

-1

2.1fb LHCb operated at luminosities up to
11 fb- L =4x10% cm? s

5038 1o 2x design luminosity

Average # of visible interactions/
crossing 4 = 1.4 (nominal 0.4)

Integrated fLdt ~ 3 fb! on tape

. 91% data taking efficiency, 99% of
o channels operational

4 ~ 5 kHz of physics data to tape
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Decay highly suppressed in SM
CKM and helicity suppressed

Predicted branching ratio
BR (B, — p+u-) = (3.5 +0.2) x 10?
BR (B? — p+p-) = (1.1 £+ 0.2) x 1010
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Very sensitive to new physics

Strongly enhanced in
MSSM models
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W68 LHCb p*y- mass spectrum

T

c

HCb Preliminary

s=8TeV M(1S)=9465.3 + 0.3 MeV/c?
G (1S)= 43.0MeV/c?
L=57pb" N, (18)=53712 + 283
N, (28)=13251 % 174
N, (38)= 6489 + 138
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LHCb-CONF-2012-025

zO
Needle in Haystac

cand. (not corrected for efficiency)

m(u*u’) [GeV/c?]
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B.—utu Candidate

[0.2mm)}

Primary Interaction

M,,=5.353 GeV/c?
Decay length = 20.51 mm
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Observation of B, — y*y
2012 LHCb: 3.50 evidence
2013 CMS & LHCb
observation > 50 combined
LHCb Observation

1.0 fb1 2011 (7 TeV) &
2.0 fb-1 2012 (8 TeV) data

Selection based on BDT combining
vertex and geometrical information

Candidates / (44 MeV/c?)

CMS, PRL 111 101804 (2013)

1
:

—— data

— full PDF
Bg—m*u'

B B —=utw

----- combinatorial bkg
----- semileptonic bkg
----- peaking bkg

BR(B) —u'w) =2.9% 1 (stat) "y (syst)- 107

BR(BO —utu ) 375 (star)*) o (syst)- 107"

CMS Observation

BR(B! = u'u ) =3.0"5 107

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

BR(BO —>‘u+u_)=3.5f:;'10_10 . 0:--" "‘f N, L
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CMSSM
Constrained Minimal Supersymmetry

Exclusion ranges

at large tanp flavour physics
excludes full parameter space

F. Mahmoudi, arXiv:1310.2556
CMSSM - tan B=50, A =2 m, || atlowed
Charged LSP

BR(B - X,7)

- BR(B - tv)
B 2.8 - K e
[ ]BrR®©, - m

Bl eree - X 19
| BT
11111 |

1 1 l
500 1000 1500  2000|HH BR®. » ™
m1,2 (GeV) |:| BR(B — X, pp), hq?
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SUSY diagrams
Suppressed in SM " -
Sensitive to new Physics /AA) ~

SM diagrams .2 =

12
f\\\h
Higgs box ot

BR = (1.22+0.38-0.32) x 10-¢
Measured by BaBar and Belle

Parameterisation
g2 = m2(py) invariant mass

Forward Backward Asymmetry Agg
K*? longitudinal polarisation fraction F,
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Forward Backward Asymmetry

In SM Ag; changes sign
at qZ(AFB:O) - 4.36*-0‘33_0'31 GeV/?

Previous results Babar, Belle, CDF
hint at discrepancy with SM

_IIIII/NLIIIIIIIIII[III'I]_

O

LHCb measurement

Theory EEEBinned | JHEP 1308 (2013)131
LHCb Y LHCD

Preliminary 7

900 + 34 events LHCD

5800
My (MEV / c?)

Arp Zero crossing point
q%(A=0)=49+0.9 GeV?/ct

consistent with SM
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WIGR Angular Analysis in B — K*Oy*y-

> ATLAS-CONF-2013-038 || _ 7 1av - CMS: PLB 727 (2013) 77
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. Descotes et al, arXiv:1303.5794
New observable basis PRL 111 (2013) 191801, arXiv:1308.1707

for.m faCTor. Independen-r 22 SM Predictions LHCb

0.4
0.2
0

-0.2

LHCb result 0.4

-0.6—

Ps' has 3.7 o discrepancy to SM 0.8

in one g2 bin, 0.5% probability

New Physics [

contribution ggg

to Wilson ' e ]
coeff. Cq

or QCD?
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Differential rates
for B: — Kury-

dl 3 1
deoin Z(1 —FH)(l —cos’ 0,)+5FH + A,z cos0,
[

- (@) 1.1<¢2<6.0 GeV¥c* LHCb

e
T

Forward Backward Asymmetry Agg
and constant term F,

Candidates / ( 10 MeV/c2

BO — K Ou*u- not sensitive to Ar, 5400 5600
M(KilJ"'}J') [MeV/c

e . BO— Kfuty
F (©) 1.1<¢2<60 GeV¥c* LHCb 1

BO— KSOH+“-

[ (¢) 1.1<¢2<60 GeV¥c* LHCb J

Candidates / 0.1

Candidates / ( 10 MeV/c?)

5400 5600
M(KSOU+|J') MeV/ce
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Results
Measure Ar; and F Consistent with SM
; -
BO — K Op*p- in all g2 bins
Measure F,, No evidence for new (pseudo)-
scalar or tensor contributions

Arp and F, expected to be

~0 in SM S LHCb-PAPER-2014-007, arXiv:1403.8045

— 68% - 90% 95% < best fit

I 20
V?/ 4]

IOP, RHUL, 8/04/2014 Franz Muheim 20



observed at the B-factories

LHCb: first measurement of photon
polarisation in b— sy transition

measure up-down asymmetry in
angle © between y and w~n* plane

—
Pr.slow

A, hon-zero at 5.20

Candidates / ( 50 MeV/c?)
2 g g

o
CTT T LT T T T T[T T T T [T T T T rTTT
\"

. y . [1.1,1.3] GeV/c?
5000 6000117851()(1)12 O ‘_Ol.5' — ‘(‘)' — '0|_5'
M(K+nm+y) MeV/ed cosf
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CP Violation and Mixi
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Acp(B® =K' ) = =0.080 = 0.007  0.003W First observation of

CP violation
Acp(B) =K ") =+0.27 £0.04 +0.01 R — PRL 110 (2013) 221601
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Semileptonic Asymmetry
measures In mixing
very small in SM

DO at Tevatron
evidence for a, > SM prediction
updated measurement
fit for a.®, a,% and Al
differs from SM at 3.00

a, at LHCb

Time-integrated asymmetry
in B, »D v

TTDOuH+IDw) 2\ 2

DD u") -T(Dfw) _ay ( aj,) [ exp(-Lyt)cos(Am,t)e(r)dt
A= =—L+|a,

a, = (-0.06 + 0.50 + 0.36)%

[ exp(-Lt)cos(AT, /2- 1)e(r)dr

a’ =(-4.1x0.6)-10™
a, =(+19+03)-107

DO: Phys. Rev. D 89, 012002 (2014)

«2002
o DO, 104Mm"

AT T, = 0.0042
(SM, £0.0008)

0 LHCb

0.0 !
0,021 Sramdard Model

_ DO B u'n'"X
LI poB ' X

004+ Central value from
dimuon asymmetny

does not confirm nor exclude DO result

LHCb-PAPER-2013-033

Franz Muheim
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NiG%  CP Violation in B. — J/wd
LHCb CP violating weak phase ¢,
PLB 707(2012) 497

¢, = 0.007 £ 0.009 + 0.001 using B, — J/yd

additional mode B, — J/yf,
¢, =0.014 £0.17 £ 0.02

Combination of B, — J/y¢ and B, — J/yf,

¢, =001+0.07x0.01
LHCb <1.0 fb™'+ CDF 9.61b '+ D@ 8fb™' + ATLAS 4.9fb™'

AT =0.106 +0.011=0.007 ps”™' BT

[ =0.661x0.004 +0.006 ps™' - ; 7

. . e N 68% CL contours 7]

consistent with SM prediction F Y (Alog L =1.15)
- : "1 LLHCb

ATLAS R
$ =0.122025=0.11 l:
AT, =0.05320.021+0.009 ps™
[ =0.677+0.007 £0.003 ps™'
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LHCD
! )

CP Violation in B. — J/pd

Implications M. Blanke et al., arXiv0809.1073

-1 05 0 05 1
from ¢. and A, allowed range 150F ' - ' 7150

¢, and BR(B, — pp) severely
restrict NP parameter space

model independent M, = M,°" A,

A. Lenz et al., arXiv:1203.0238

| | excluded area has CL >0.68

AT, &1t

SM point

10° x B BR(BSHUU)

D.M. Straub, arXiv:1107.0266
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Charm Physics
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Status of charm mixing before LHCb
Standard model expectation is very small (< 1%)

Charm mixing has been measured by BaBar, Belle & CDF,
but no 50 observation in a single experiment

Charm mixing

Measures time-dependent ratio of D° decays

O% + -
to Wrong Sign versus Right Sign R(Y) N —=K'n")

"N’ —K ")
Tagging of initial D° flavour with
sign of charge of slow pion from D*—De°x*, and D*— Der-,

Effective lifetime asymmetry

non-zero if indirect CP violation in mixing

talk by Mark Smith
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LHCD
! )

Ratio Ry

_ BR(DCS)
~ BR(CF)

D2-D° Mixing
best measurement of mixing parameters

=(3.568 £ 0.066)- 10~

D

No mixing

hypothesis is
excluded

CP violation

no evidence

— CPV allowed _:
No direct CPV 1

Candidates / (0.1 MeV/c?)
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Amazing progress since 1995
well done B factories |

CKM angle y

Not yet well
constrained

\n
a
o
A
4
18]
[
I
2
[
3
- |
0
=
)

CKM fitter 66+12°
UTFit 72+9°
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Sensitivity to y

from interference between b—c
and b—u transitions at tree level

D final state accessible

to D% and D°

several methods: ADS, GLW, 6GSZ
New LHCb measurement

First ADS analysis fo use
singly-Cabibbo suppressed D decay

IOP, RHUL, 8/04/2014

Entries / (15 MeV

B* - [KK*'w ], K* (a) ]
Sum, incl. combinatorics:

N Mis-ID ]
744/ Partially reconstructed |

m([KK*T] K*) [MeV/c?]

Franz Muheim

0 - ]
B* —)[KSK+75 1, ©* (b) .

Sum, incl. combinatorics |

7//////% Partially reconstructed E

L

\W\\\\\‘W»«W

" T
5400 5600
m((KK*n] m*) [MeV/c?]
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LHCb combination
2011/12 data
using B—Dh (h=K,), 1 fb-!

SR CKM angle

LHCb-PAPER-2013-020, PLB 726 (2013) 151

with D—hh, K.hh, K3z, 3 fb-!

LHCb Results
y= 67 = 12°
Best single measurement
Precision competitive with

y averages from B factories

Babar: y = 69 = 17°
Belle: y=68 +15°

3x more data available (ADS/GLW)

talks by Donal Hill, Nazim Hussein

IOP, RHUL, 8/04/2014

Franz Muheim
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LHCb-CONF-2013-006

Preliminary

ADS/GLW

v b by by el |
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y[e] |
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LCh Specirosco

PRL 110 (2013) 22200
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LHCD
LG\ Spectroscor
-
X(3872) radiative decays

R BaBar 2009

branching ratio PEELCETRERIIEN))
" BR(X(3872) —=J Iyy)

sensitive to LHCb Preliminary

inTer'pr'eTaTion: TeTr'a-quar'k, C anTi—c, ... predictions for pure cc state

DD* molecule and mixtures | prediction for pure DD* model

Babar evidence & Belle upper limit , predictions for admixture of cc and DD*

Belle 2011

LHCb measurement S R S S p
R =2.46+0.64+0.29+0.06
does not support a pure DD* molecule interpretation

40 B* - X(3872)K", X(3872) - y(2S)y:
N=364+00 440

30 30

20 20

10 10

Illllllllllllllllll

I .’_K’Pllllllllll
H —
|+

M(w(2S)K") Mw(2SK)
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Quarkonia

X1 and x.; production cross section
new ATLAS result

Xp1 and X,; production cross section
hew CMS result

LHCb results

J/y and Y polarization

pp Ns =7 TeV
HX frame

—e— CMS, lyl <0.6
—=— CMS, 0.6 <lyl <1.2
—o— LHCb,2.0<y <25
*— LHCb,2.5<y<3.0
—— LHCb,3.0<y <35
—+— LHCb, 3.5<y <4.0
—v— LHCb,4.0<y<4.5
—o— ALICE, 25<y<4.0

Franz Muheim

pruy Candidates / (0.01 GeV)

x10°

ATLAS-CONF-2013-095

. —
- ATLAS Preliminary 10 <p]" <30 GeV E
E \s=7TeV yJ/“’ <

= Jldt =45f"

---- Background
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. d

#4 Prompt Signal Xeq ]
H#$$ Non-prompt Signal Ao
% Prompt Signal X E
23 Non-prompt Signal -

Counts per 40 MeV

P R
0.6 0.7
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CMS PRL 110, 081802 (2013)

R CMS
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IS8 What is the Z(4430)?

Status
Z(4430) — y(2S)m observed by Belle
in B9 — y(2S) K*n~ decays

not seen bY BaBar PRD79 (2009) 112001

charged state, not described by quark model

quark content @t ?

K,(1430)

K* veto region

= with Z

=
g

Events / 0.17 GeV?/c*

M?(y' ), GeV/c*

! i
TR 2 FATTOPTION ATTIT AT 04516 17 18 19 20 21 22 23
0.50.75 1 1.251.51.75 2 2.252.5 , "7 ' m), GevAce!

M’(K.r), GeVZ/c! M2 (w(2S)m)
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IS8 What is the Z(4430)-?

Hot off the press!

LHCb result submitted 4 hours ago LHCb-PAPER-2014-014, arXiv:1404.1903

"Observation of the resonant character of the Z(4430) state”
Measurement based on 4-dim amplitude fit

highly significant Z(4430) state is required

spin-parity is unambiguosly 1*

)

model independent

0.04:— LHCh

LHCb

Vl
o
=]
e

component

Candidates / ( 0.2 Ge

PR S I T T 1 W
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3
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el Flavour physics is much more

Results from LHCb, ATLAS, CMS, DO, CDF, Babar, Belle
Rare decays talks by Sam Cunliffe, Simon Wright
CP Violation and lifetimes
Charm mixing and CP violation
CKM angle gamma
Spectroscopy talk by Daniel Craig

No time to present results on talk by Adrien Pritchard
Lepton flavour violation
tau decays, majorana searches in B decays talk by Jon Harrison
Electorweak physics
W, Z and H forward production
More Production and Spectroscopy, ...
Exotic Zb resonance talks by John Beddow,
B. meson, beauty baryons Michael Kiss,
fragmentation fractions James McCarthy
Central Eclusive production talk by Scott Stevenson

Lots of flavour physics papers, mainly from LHCb

talks by Sam Hall, Haofei Luo
talk by Rafael S. Coutinho
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Future Plans
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LHCb and B-factories hugely successful
Large New Physics ruled out in many flavour physics observables
LHC run 2, LHCb will collect 7 to 8 fb-!
production cross section o, and o, doubles, J/s: 7/8—13/14 TeV

LHCb upgrade rationale
Large increase in statistics required to investigate small NP deviations
Key element is 40 MHz Readout of all sub-detectors

Full Software Trigger increases trigger efficiency
at least x2 in hadronic channels

Upgraded LHCb detector

to be installed in Long Shutdown 2018/19

LHCb Upgrade is General Purpose Experiment in Forward region
Beauty, Charm, LFV, Electroweak, QCD, Exotica
Probe/measure New Physics at the percentage level

IOP, RHUL, 8/04/2014 Franz Muheim




Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™')  uncertainty
 BY mixing 28, (BY — Jh ) 0.10 9] 0.025 0.008 ~ 0.003
28, (BY — Jh fo(980)) 0.17 [10] 0.045 0.014 ~0.01
Ag(BY) 6.4x10%[ ] 06x107% 02x107% 0.03x107?
Gluonic 23 (BY — ¢¢) - 0.17 0.03 0.02
penguin 23H(BY — K*K*0) - 0.13 0.02 < 0.02
28°1(B® — ¢KY) 0.17 [ ] 0.30 0.05 0.02
Right-handed 281 (BY — @) - 0.09 0.02 < 0.01
currents TN (BY = ¢7)/Tpo - 5 % 1% 0.2%
rlectroweak  S3(BY — K*utp=;1 < ¢* < 6 GeV?/c?) 0.08 [1 ] 0.025 0.008 0.02
penguin so Apg(B? — K*u* ) 25% [1] 6 % 2% 7%
A(Kptp—;1 < ¢* <6GeV¥ct) 0.25 [17] 0.08 0.025 ~ (.02
B(BY - atutpu™)/B(BY — Ktutu™) 25% [ 0] 8 % 2.5% ~ 10%
Higgs B(B? — ptp) 1.5 x 1077 [] 05x 1077 0.15x107 0.3 x 107"
penguin B(B® — utp)/B(B? — ) - ~ 100 % ~ 35 % ~ 5%
U LLILALILY v (B = DM K®) ~ 10-12° [10, 20] 4° 0.9° negligible
triangle v (B? - D,K) — 11° 2.0° negligible
anolac B (B — J/v K?) 0.8° [17] 0.6° 0.2° negligible

Charm Ap
CP violation AAcp

0.07 x 1073 -
0.12 x 1073 -~

0.40 x 1073
0.65 x 1073
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2.3 x 1073 [11]
2.1 x 1073 [ ]




JICD Belle-IT@®SuperKEKB Physics Reach

Observables Belle Belle 11
(2014) 5ab ! 50 ab~!
Su per-KE KB sin 2 0.667 = 0.023 £ 0.012 £0.012 +£0.008
o +2° +1° CKM angle y
Bel Ie _ II 5 +14° +6° +1.5°
S(B — ¢KY) 0.9070% +0.053 +0.018
. S(B — 1K) 0.68 + 0.07 +0.03 +0.028 +0.011 SinZBeff
20 1 5 CcO l | | der' S(B — KYKOKY) 0.30 + 0.32 + 0.08 +0.100 +0.033
|Vep| incl. +2.4% +1.0%
Commiss ioning Vi excl. +3.6% +1.8% +1.4%
|Vis| incl. +6.5% +3.4% +3.0%
|Vus| excl. (had. tag.) +10.8% +4.7% +2.4%
20 1 6 deTeCTO r | Vs excl. (untag.) +9.4% +4.2% +2.2%
« e B(B — 7v) [1079) 96 + 26 +10% +3% Neutrino modes
Comm|SS|onln9 B(B — puv) [1079] < 1.7 50 >> bo
R(D7v) +16.5% +5.2% +2.5%
R(D*rv) +9.0% +2.9% +1.6%
B(B — K*tvw) [1079] <40 +30%
. B(B — K*vp) [1079 <55 +30%
PhYS|CS r‘eaCh B(B = Xyv) [1079] +13% 7% +£6%
Acp(B = Xv) +0.01 +0.005
90 l den mOdCS S(B — A'g:.—“»,) y —0.10 +0.31 £0.07 +0.11 +0.035 ) .
B(B = Xay) [1077] b->sy inclusive
. S(B = pv) —0.83 +0.65 +0.18 +0.23 +0.07
silver modes B(B — ~v) [1079] <87 +0.3
B(Bs — 7t77) [1079] <2
ComplemenTary B(Dy — ) 531 x 1073(1£0.053 £0.038)  £2.9%  £(0.9%-1.3%)
B(Dg — Tv) 5.70 x 1073(1 £ 0.037 £ 0.054) £(3.5%-4.3%) £(2.3%-3.6%)
with LHCb yep [107) 1114022 +0.11 +£(0.11-0.13)  £(0.05-0.08)
Ar [1072) —0.03 +0.20 +0.08 +0.10 +(0.03-0.05)
ABLET (1072 —0.32£0.21 £ 0.09 +0.11 +0.06 charm
AR [1072) 0.55 =+ 0.36 = 0.09 +0.17 +0.06
A7 [1072] +5.6 +2.5 +0.8
T — py [1078] <45 <0.1
T — ey [1078] <120 Lepton flavour
T — ppp [1079) < 21.0 < 4.5 < 0.9 Vlolatlon
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Conclusions

Flavour physics has entered successfully into LHC era
LHC and detectors (ATLAS, CMS and LHCb) work extremely well
dedicated LHCb experiment: 179 papers and counting

B-factories and Tevatron still contributing

Many new and important results
Weak phase ¢, and decay width difference AT, in B, decays
CKM angle y competitive with B factories
Observation for B, — p'y-
Strong constraints on new physics

All consistent with SM - few hints for new physics?
Angular analysis (P5) of B® — K*Op*u~, need more data

LHC run 2 will start in 2015
Production cross section a,, and o, doubles, /s: 7/8—13/14 TeV
LHCb upgrade and Belle/SuperKEKB

Probe/measure New Physics at the percentage level

IOP, RHUL, 8/04/2014 Franz Muheim
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New Physics in Flavour

Flavour explores new physics (NP) beyond the energy frontier
Sensitive to NP appearing as virtual particles in loop processes
Observable deviations from SM expectations in flavour physics
Rare decays, e.g. Flavour Changing Neutral Current Interactions

Standard Model New Physics ?

b — s penguin transitions
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CMSSM
Constrained Minimal Supersymmetry

Exclusion ranges

at large tanp flavour physics
excludes full parameter space

at tanp ~ 30 flavour physics and
direct searches complementary

F. Mahmoudi, arXiv:1310.2556

CMSSM - tan =30, A =-2m, tan p=50, A =-2m, allowed

Charged LSP

BR(B - X,7)

- BR(B - tv)
B 2.8 - K e
[ ]BrR®©, - m

Bl eree - X 19

500 1000 1500

m,, (GeV)

IOP, RHUL, 8/04/2014

2000

11111 |

1 1 l
500 1000 1500

m,, (GeV)

Franz Muheim

| BT

2000 - BR(D, - tv)
|:| BR(B — X, pp), het
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Isospin asymmetry

N(BY— K#O0utu—) —T(BTY— K®+utu-)

A = — , —
: ['(BY— K#O0utpu—)+T(BT— K®+putpu—)

A: predicted to be very small in SM

LHCb results 2011 data: 1 fb-!

25
q? *[GeV?/ct]

A7(B — Ku*y-) significant A(B — K" pry)
deviation 4.4 o from zero consistent with zero
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LHCb 2011/12 data: 3 fb-!

Extract A; measuring four modes
+ Bt — Ky, BO — K Ourp-
+ Bt — K™ (—KOm) prpr
+ BY — KO (—K*m) pry

Fit KOy y- mass in g2 bins

Results

Estimate p-value for A; differing
from zero assuming constant A;

p = 11% (1.50) for A; in B — Kpy
A: result consistent with SM

talks by Sam Cunliffe, Simon Wright
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LHCb 2011/12 daTCl: 3 fb-l . -LCSR Lattice —e-Data

Measurements compared to B' > K'utu ‘
predictions from Lattice QCD LHCb
and Light Cone Sum Rules

Results

Consistent with SM, but data
tend to lie below predictions

mm LCSR Lattice —e-Data Lattice —e-Data
UL I LN L L B B B B B B B T LA LB R L L A A

(\'l_‘ T T
> [

o

O 150

= 0

Q i

wxlof

o L

p— -

o

~

Q
o

N
<o

B' > K 'uu ] B'> Klutu -
LHCb - LHCb

[a—
i

<
ST
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Evidence for direct CP
in B*—=K*h-h*decays

—>Ki.7'lf+.7t_) =0.032 +£0.008 £ 0.004 = 0.007
-0.043 £0.009 = 0.003 = 0.007

—K*K'K™) =

N

[0%)
nh N W i A n

[

Candidates / (0.01 GeV/c?)
[\®]

o

1 52 53 54 55 51
My [GeV/c?]

52

—model
v B® — K*t~
combinatorial
| —B—4-body
1t -B* - EYyK®

Candidates / (0.01 GeV/c?)

—model

Bt > KKK
combinatorial

—B — 4-body

PRI B B

52 53 54 55 5.1
M- [GeV/c?]

52

53 54 55
My [GeV/e?]

S 40 « 1mm0.8 . : o 1 0.5
> 350 > Mos - . . % 500F .. 4804
v 2°F (a) LHCb © 400 & 10¢ in regions of Dalitz plot 1Cb S ot w
<) - S 300F L - - S +8* 1703
« 30 % *B”  140. 30F < 300F 3
JEE 5 200F /-0. - 5 200F il 4=0.2
E 0 ‘ . C 0= L .
205 ~I|_ ’ b, Toevien | 20 1 ISmKK o 1Gev e 0
15; 'I 15; ——_- 02
SE - : 5F- 0.4
ey = W B ~ :
0-|1-..T—r‘—,—.—.—o—ﬁ—.—4‘—ﬁ—.|.. Ll . OE— ol il b b L 105
0 5 10 15 20 25 0 8 10 12 14 '~ 1©¢ »n

m2, [GeV2/ c4] m

IOP, RHUL, 8/04/2014

Franz Muheim
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b CP Violation in Mixi

Semileptonic Asymmetry

measures m in mixing ey a' = (~4.10.6) 10~

DO at Tevatron evidence
a, >> SM prediction at 3.00

a, at LHCb

Time-integrated asymmetry
in B, -»D v

T ) +T(Di) 2

A 0D u")-T(D!uw) a +(a a_jl) fexp(—l}t)cos(Amst)s(t)dt
P

2 ) [exp(-Tit)cos(AT, 12- 1)e(r)d

ay = (-0.06 + 0.50 + 0.36)%
does not confirm nor exclude DO result
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Semileptonic Asymmetry

measures m in mixing ey a' = (~4.10.6) 10~

DO: Phys. Rev. D 89, 012002 (2014)

DO final result = Do, 104
: AT T, = 0.0042
fl"' for' C(S|S, C(s|d Gnd Ard | = 4‘3{_]“.:0.0(‘;3,

= (—0.62+0.43) x 1072,
(—0.8240.99) x 10~ 2,

«  Standard Model
| DO B DX
O poB p'n X

differs from SM prediction | Bl
at 3.00 -

(+0.50 + 1.38) x 1072, 00z)
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Lifetimes
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LHCD
! )

B. = D.*D. Lifetime

: LHCb: arXiv.1312.1217
How to measure B, decay widths I’ and I, ? _

use decays to CP even and odd «gsoo-_ LHCD i
final states Ch h — B, D D;
C L 2 ool Be— D; KK'T
in limit of small CP violation Pha S
g s Us Us
b, %0 2 4ol B'—D'D;
SN ) & S 3499+65 B Ao A DS
Teff (Bs — DS Ds ) ~ l/rL 0200 [ Combinatorial

LHCb method 5300 5400 5500

D; D, mass [MeV/c?]

measure directly lifetime ratio 05
inB,— D, D, and B-— D° D
decays

Result

T.s(B =D;D;)=1379%0.026+0.017 ps

I, =0.725+0.014 +0.009 ps™

I LHCb

o
~

|||I||||I|Il|||

o
w

Efficiency « Yield ratio
o
[N

1 I 1 1 1 | 1 1 1 | Il 1 1 | 1
2 4 6 8

decay time [ps]
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Most precise I, measurement

o
o
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LEP average M
(2003)

PDG average
in 2009

=0.798 £0.052 ALEPIEACSPSS
T ALEPH A-ll
B {91.95)

OPAL A -lepton
{90-95)

DELPHI A -lepton
(91-94)

CDF A -lepton
(91-95)

C D{]_Bg ﬁfé\)

LHCb

Average for PDG 2009

measures directly ratio of
A, to BO lifetime
use similar final states

Heavy Flavour
Averaging Group

[.|._..E|..I...l...

1 L1 12 L3 L4 LS L6 L7
UAy) {ps)

N, —J/yKp (previously unobserved) and B® —J/yKmn

Franz Muheim

1.180 *% 30 +0.030 ps

+0.260
1300 *%2% 10,040 ps

1290 %920 +0.060 ps

+0.190
1110 *%1% +0.050 ps

1.320 +0.150 +0.070 ps
+0.083
1.593 "4 +0.033 ps

H0.20 +0.087
125907510 009 PS

1218*% 2 +0.042 ps

1383000 ps
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b Lifetime

LHCb (A,—J/wA): arXiv.1402.2554
LHCb (A,—J/wKp): PRD87 (2013) 112010

1 ) o= .
CMS (A,—J/wA): arXiv:1304.7495
: 2\ /(RO ATLAS (A,—J/wA): PRDS7 (2013) 032002
D 6000 ————————————— 71— :
> C
T o O o LHCb
A -
~=0.976+0.012 +£0.006 = S000 F
rBO v C /\b — J/ LIJKp
= 4000
T, =1482+0018=0.012ps 5 C
b = -
53000 155814178
”. ~ hol -
J b S 2000
@) =
1000 |~ o
0 - . — Artiibr it ool v 0
. 5500 5600 5700 5800
LN L L B B L L B B Xperiment B
—.— LHCb (2013) [J/ypK'] m(J/wPK ) [MeV]
N CMS (2012) [T/yA] 035 | | :
N ATLAS (2012) [JAyA] E .
— DO (2012) [JyA] - 03F LHCb -
............................. _.— CDF (011) Al S s E
— CDF (2010) [Alm] o 0.25 E 3
—_— DO (2007) [J/yAl % 02F * { =
—_ DO (2007) [Semileptonic decay] < E e [} " é é 1 l { . 7
DLPH (1999) [Semileptonic decay] >- 0'15 :_ ¢ * t T * ' { _:
—_— ALEP (1998) [Semileptonic decay] 0 1 :_ _:
OPAL (1998) [Semileptonic decay] E .
| -|_.|_- | CDF (1996) [Semileptonic decay] 005 :_ .
1 1.2 1.4 1.6 ! L L
0 2 4 6

decay time [ps]
IOP, RHUL, 8/04/2014 Franz Muheim 58



Flavour Changing Neutral Currents
Suppressed in SM

Sensitive to new Physics EUKIELENS

BR = (1.22+0.38-0.32) x 10°¢
Measured by BaBar and Belle

—
g N

—
LI

New BaBar measurement
Differential dB/dq?
Sum over exclusive modes
B— X,*I-where|l=pore

o
=

dB / dg® (10° / [GeV/c?F)
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Direct CP violation in charm
Predicted to be < 103 in SM
Long distance effects
difficult to estimate
A, (f) depends on production and detection asymmetries
measure AA = Ap(DO—KK*) - Ap(DO—mrm)
Measurement

LHCb and CDF:  Charge of m*, from CDE _
D™ — DO ', D™ — DO 1, tags the D flavour LS

LHCb: Charge of p* from LHCb Gromp
B — DX tags the D flavour il T onic

1.0 fb’!

Results Naiye average

inconclusive, need more data
LHCb analyses on full run 1 data underway
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