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Overview

@ Introduction

@ CP violation in beauty
@ 7 measurement

© CP violation in charm
@ D oscillations

@ Rare decays
@ By — utpu~
© By — K*utu~
@ Isospin asymmetry in B — K®) Ty

© Summary and prospects

N.B.: No spetroscopy or xsection measurements
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Indirect search for NP with b/c-hadrons
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@ Allow to test high energies

@ Indirect search has often paved the way to important discoveries:

e RD and mixing in kaons led to the prediction of the charm quark
e CPV in kaons led to the prediction of a 3rd generation of quarks

@ Correlation of different channels allow to “understand” the structure
of NP
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The LHCb detector

LHCb MC
(s=7TeV

@ Pseudorapidity range 1.9 < n < 4.9

@ Good vertex and momentum resolution:
o Ap/p=(0.4—0.6)% in the range 5 — 100GeV/c
o opy(z,y) ~ 10um, opy(z) ~ 60um

@ Good particle identification performances:

o e(u) ~97%, mis-ID(m — p)1 — 3%
o ¢(K) ~ 95%, mis-ID(m — K) ~ 5%
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Recorded data

LHCDb Integrated Luminosity

g 22 : i i i ¢ r
“E—; = . Delivered in 2012 (4 TeV): 2.194 ifb IJ
2 a2 . Recorded in 2012 (4 TeV): 2.069 /fb

2 18F Recorded in 2011 (3.5 TeV): 1.107 /b /

E Tk Recorded in 2010 (3.5 TeV): 0.038 /fb V

= - Y

o 16

B A7

5 14f ./

j] [—

g

2 E

£, v,

08

06l

04

02 g

ob P e
0104 0105 31005 3008 3007 2908 2809 280 27/

Date

N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013 6 /73



CP violation in beauty

CP violation in beauty
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CP violation in beauty 7y measurement

7 measurement
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e y=aryg [— V“dvjb} is the least known of the angles of the UT

VeaVey

@ v can be extracted from Tree level (this talk) or penguin
(JHEP 1210 (2012) 037, LHCb-CONF-2012-007) decays

o Difference between tree level and penguin would point to NP
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http://arxiv.org/abs/1206.2794
https://cdsweb.cern.ch/record/1426663

Present knowledge of ~
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@ Does a+ 3+~ =180° 7
@ Over constraining the UT is a powerful test of the CKM paradigm
o CKM Fitter: v = (66 £12)° , UTFit: v = (76 + 10)°
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CP violation in beauty 7y measurement

Input of LHCb ~ combination

_ x\"‘ . u _~MNa~0
y s b [P GLW: DO — KK, wta
s —; Py
B[ ﬂf)" B M L G ADS: D° — 7+ KT
A i \ GGSZ: DV — KOhth~
X, N a UK
‘/1 h,Vm ‘/Mb-‘/r\'
Color allowed Color suppressed

o BT — [hTh~]|ph® with (h = 7, K) (PLB 712(2012), 203 )
e B — [Kn|ph with (h = 7, K) (Phys. Lett. B 712 (2012) 203-212))
o BT = [Knrrn|ph with (h =7, K) (LHCh-CONF-2012-030)
e B* —» DK* with D — KShTh™ (h =, K)
(Phys. Lett. B 718 (2012) 43-55)
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http://arxiv.org/abs/1203.3662
http://arxiv.org/abs/1203.3662
http://cdsweb.cern.ch/record/1478393?ln=en
http://arxiv.org/abs/1209.5869

GLW with B — [h*h~]pK
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@ Evidence of non-zero Agp, in BY — DK¥ at 4.50
@ Acp+(KK)=(-148+£3.7£1.0)% Acp4+(nm) = (—13.5+6.6 £1.0)%
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ADS with BT — [Kn]pK™*

First observation of rare ADS B* — D(K~nT)K™ at ~ 100

LHCb
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o Rt — LBEEKTIpn)
h = T(BES[xFKE|phE)
- gt - _pt
o raPS = Bkt _ 00152 4 0.0020, 44PS = Bx—id) 594015
(RK+RK)
— Rt - _Rpt
o RADS — BxtRz) _ (00410 +0.00025, AADS = % = 0.143 + 0.063
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ADS with B* — [Knnw|ph

We have the first observation of the modes B* — [r* K¥rtn~|pn

(~ 100 ) and B* — [r*KFatr~|pK* (~50).
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-, gt - _pt
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2 (R +R%)
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o raADPS = U tla) _ 00369 +0.00036, AAPS = Bz —Ra) _ 130 + 0.097
(Rx R
N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013

+

13 /73



GGSZ method

m2 (GeV?/c*)

1 I 1 C L . A 1
1 2 3 1 12 1.4 1.6 1.8

m2 (GeV?/ct) m?2 (GeV¥c)
o Comparing the distribution of events in the D — KXh™h™ Dalitz
plot for BT — DK™ and B~ — DK~ decays

Necessary to know how the strong phase of the D decay varies over
the Dalitz plot

Use CLEO measurements for the D strong-phase
Results: v = (44733)°, 65 = (137132)°, r5 = 0.07 £ 0.04
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CP violation in beauty 7y measurement

LHCb v combination

e Combination of B¥ — DK® analyses

o Parameters of Interest: & = (v, rp , dp, ...)
o The likelihood £(@) = 3=, fi(A; obs| Ai (&) is used
o where f; x exp (—(A;(a*i) — A o)V (A7) — A Obs))

g T 5 71.1°
os- Pt 68%CL | [55.4, 87.7]
] 95%CL | [41.4, 101.3]
; B~ — DK~ from LHCb
“r ] D-system from CLEO

% 60 80 100 120 140 16(1 [A?O LHCb_CONF_20]_2_032

Y
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http://cds.cern.ch/record/1481337

Other modes to be added

There are several other modes that can be added to extract v, eg.:
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@ Time dependent analysis of By — D K
e Time integrated analysis of B — DK*0

@ LHCb made the world's first observation of By — D ;K77 (time
dependent analysis similar to B — DsK)
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CP violation in charm
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CP violation in charm

Introduction

s w d

— 0\
uct uct v s
) _E (a) Tree diagram. 3§ (b) Penguin diagram. 8
d wt s
In the SM:

e Indirect CPV is process independent and quite small O(103)
@ Direct CPV in the decay is process dependent:

o Negligibly small for Cabibbo favoured
o Expected at the level of 10~3 for Cabibbo suppressed

LHCb has an extensive program of charm physics:
o First evidence of CPV in charm PRL 108, 111602 (2012)
@ Search for CPV in mixing JHEP 04 (2012) 129
@ Search for CPV in decays: CONF-2012-019, PRD 84 2011 112008, ...
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http://prl.aps.org/abstract/PRL/v108/i11/e111602
http://cds.cern.ch/record/1408728
http://cds.cern.ch/record/1455935
http://cds.cern.ch/record/1392074

CP violation in charm D oscillations

D Oscillations

@ Neutral mesons oscillates between matter and anti-matter

o] (e s ) 2]

M}, —iT%

0 q _ 127212

|Dr.m) =p|D°) + q\D ) where 1 Mis—iTus
The charm mixing parameters are x = AT’” and y = %

Oscillations of neutral kaons and B-mesons are well established
Charm mixing predicted to be small in the SM (z,y < O(1072))

Sensitive to NP contributions

Strong evidence of charm mixing only by combining the different
experiments
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CP violation in charm D oscillations

Strategy

Do
D* = DOt m h wrong-sign events
0 _

— D K
Q‘ right-sign events
CF K

e Prompt D*0 — D%t are used
@ The wrong sign decays occurs either due to D? — D" oscillations or
via doubly-Cabibbo-suppressed decays

The time-dependent ratio between right-sign and wrong-sign is:

/12 /2

Nyws(t
R(t) = L() ~ Rp + /Rpy't + wﬁ
Ngs(t) 4

where 2’ = xcosd + ysind and 3y’ = ycosd — xsind
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CP violation in charm D oscillations

Signal Selection

f<nl >(1|06 T T o lea T T
B2k ] % 10¢
Z LHCb + RSdata 2 [ LHCb * WS data
= — Fit = S — Fit
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@ Excellent resolution and PID important for this analysis
@ Data are divided in into 13 decay-time bins
o L= mDo#, where L is the distance PV — SV

T
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CP violation in charm

D oscillations

Results
<4 7,1073 T T E| IS T T T T
* Data S b
6.5F —Meixing fit E =
6F - No-mixing fit E 1.5F !
5.5F
17 -
sk E
E E 0.5F 5o E
458 e
4p % 3 oF —1lo 3
3.5F LHCb 4 + No-mixing
3E | L I 3 05p L | I L
0o 2 4 6 ) 01 005 0 005
th x'% (%]
Fit type Parameter | Result (10~3)
Mixing Rp 3.52+£0.15
x2/nDoF = (9.5/10) Y 72424
z' 2 —0.09 +0.13
No Mixing Rp 4.25 +0.04
x2/nDoF = (98.1/12)

No-mixing hypothesis excluded at 9.1 standard deviations
First single experiment observation above 5 sigma!
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CP violation in charm D oscillations

Comparison with other experiments

) E T T T T T J
R of ] BaBar: Phys. Rev. Lett. 98 (2007) 211802
N ] Belle: Phys. Rev. Lett. 96 (2006) 151801
1.5F =
F ] CDF: Phys. Rev. Lett. 100 (2008) 121802
1F ) 3
I — 10 LHCb ]
0'5:_ ------ 1o BaBar B
Oi 1o Belle b B Experiment Rp (107%) 4 (107%) 2 (10~%)
S ] LHCb 3524015 72+24 —09+13
: o LD ] BaBar 3034019 97454 —22437
-0.5F + No-mixing E Belle 3.64+£017 060 1.8%21
Eo ] CDF 3.04+055 85+76 —12+35
-0.1 -0.05 0 0.05

@ Measured parameters nicely agree with other experiments

@ Results dominated by statistical uncertainties

N. Serra (Universitat Ziirich)
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http://inspirehep.net/search?p=find+eprint+hep-ex/0703020
http://inspirehep.net/search?p=find+eprint+hep-ex/0601029
http://inspirehep.net/search?p=find+eprint+0712.1567

Rare decays
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B = i
+ —

Mode SM prediction
Bs — utp~ | (3.5440.30) x 1079
BO — ptp~ | (0.1140.01) x 1079

A. Buras et al., arXiv:1208.0934
DeBruyn et al., arXiv:1204.1737
C. Davies, arXiv:1203.3862 (and ref. therein)

4m? 2m 2
B(Bs — ptp”) o< [Cs—Cs[* | 1 — —5* |+{(Cp — Cp) + = (C10 — Cip)
my. ma,

@ Suppressed being a FCNC and also helicity suppressed

@ Sensitive to “scalar” and “pseudo-scalar” contributions beyond the
SM, e.g. MSSM with high tan g
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http://arxiv.org/abs/1208.0934
http://arxiv.org/abs/1204.1737
http://arxiv.org/abs/1203.3862

B = i
Present situation and new analysis

20 -
Intervals at 95% CL for BR(B, - 1" t) 5
3
0
DO (PLB 6932010539) | _ ¢ ML g
[ [}
& 5
CDF (H. Miyake, La Thuile 2012) 3 2
T
2
ATLAS (arXiv:1204.0735) & RE
g
CMS (JHEP 1204 (2012) 033 ) . @b
> 55\1\}‘
LHCb (Phys. Rev. Lett. 108 (2012) 231801) W
MSSM-AC
iSM
oo b e e b e e b 1
0 1 2 3 10 20 30 40 50

4 5 = ‘785

BR(B, -~ u" ) (107)
10° x BR(Bs = p™u™)

D. Straub arXiv

1205.6094

e LHC combination: B(B, — ptp~) < 4.2-1079 at 95% CL
@ For the new analysis two datasets are combined

o 1.0 fb~! at /s = 7TeV (2011)
o 1.1fb~! at /s = 8TeV (2012)

@ The present analysis supersedes the previous 2011 publication
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http://arxiv.org/pdf/1205.6094v1.pdf

B = i
Analysis strategy

@ The selection consist of a soft cut-based “pre-selection” to reduce the
size of data followed by a BDT

o The normalisation uses the decays B* — J/¢%K* and B — h*h' ~
° % = 0.256 £ 0.020 has been measured combining:

e Ratio of B, — D uX and B — Dt puX
o Ratio of B, = D,m and B® — DK

0.6 T

LHch 1 LHCb-Paper-2012-037, to appear shortly

f4f,

05F

04f

7 The dependence of Pr is negligible

0.3:7 § 4 - _ . .
,\‘;;%*‘g‘;‘irh\;\, for B — p ™ normalisation
0.2F .

0.1f

% 10000 20000 30000 40000
pT(B) [MeVic]
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B = i
Analysis strategy |l

— 3 LR e e e
B f 5. BDT>038,2012 7 By W0 ‘ E
3 2 BY LHCb 8 r LHCb ]
= 0 ] 1F =% —a-pn = n a5 -
e o B >muty F - E
= ] 0'e —o- E
@ 1.5 misID By >h*h> 5 F —— ]
< 2 —— ]
g E 107
o 1 F —— ]
0] 3 10'3§ m Signal T3

] F O Background ]

o | L L L L | 10 = L L —

5000 5200 5400 5600 5800 6000 0 02 04 06 08 1

m,, (MeV/c?) BDT

@ The fit is performed in 8 (for 2011) + 7 (for 2012) BDT bins

@ Combinatorial background modelled with an exponential

@ Better treatment of exclusive backgrounds wrt previous analysis
o B w ntu~v, By — moutp~
o BY - wtpu~—p*
o B,y — h*h~’ with MisID
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B = i
B — "~ Result

s D L S S S B B B ™]
° R LHCb 1
0sfy L0 b (7TeV) +1.1 i (ETev) ]
0.6 .
0.4f .
02f .
) S T I P = s T

0.2 0.4 0.6 0.8 1 1.2 4

BB’ »u w10 ']

-

@ Combining 2011 and 2012 dataset

@ Background only p-value is 11%

e Upper limit B(B® — putpu~) < 9.4 x 10710 at 95% CL
@ World's best single experiment UL
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B = i
By — ptp~ Result

¢ 1 T T T T
. LHCb T uaf ' E
0,8:— 10 67 (7TeV) +1.1 b7 (8TeV) _: E 12; "Uﬂ’rl(mv)‘ugzgecov? _;
0.6:_ _: % 10: E
L \ expected ] Tv): E
04 \_ SM+bkg ] | =
E \expected \\ ] g E
02 bkg ] g ]
B ~ ] © s ]
0 =, I I_L\\ ] S 9 "
2 4 6 8 5000 5500 6000
B(B! — ') [107] m,, [MeVic]
@ Combining 201142012 data
e Bkg only hypothesis p-value is 5 x 10~% corresponding to 3.5 o
o B(Bs — ptp~) = 3.21 15 (stat) T3 (syst) x 1077
e First evidence of the decay By — utu~
o Consistent with the SM!
@ Submitted to PRL arXiv:1211.2674
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http://arxiv.org/abs/1211.2674

Bs = ptp”

Implications of By — u™ ™ result

20
al--x 1.5
3
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3
T
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0.0

0 10 20 30 40
10° x BR(Bs — utu™)

Adapted from D. Straub arXiv:1205.6094
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http://arxiv.org/pdf/1205.6094v1.pdf

Rare decays By — K*u+u_

\ \ Y s [
U\ 07 09,10

y

@ Angular observables in the decay By — K*u™ ™ are sensitive probe
of NP

@ Several observables where the hadronic uncertainty are under control
can be built

@ These observables are sensitive to the effective operators O79 10 and
their right-handed counterparts

N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013 32/ 73



By = K*utp”

Angular observables

@ The total angular distribution of the decay By — K*u™ ™ is

1 d3(r +1) 9 [3
fdcos@gdcos@;(dqﬁ :@ 4
— Fy cos® Ok cos 20, + S5 sin® 0 sin? 6y cos2¢ +
Sy sin 26 ¢ sin 26 cos ¢ + Sk sin 20 sin Oy cos ¢ +

3
ZAFB sin® O cos @y + S7sin 20k sin 0y sin ¢ +

Sgsin 20k sin 20, sin¢ + Aj,, sin? 0 sin? 0y sin 2¢ }

A2 o .
o I = -9 longitudinal polarization of the K*
L= myavay °one P
A3-A2
@ S3 = ——"——-, related to the transverse asymmetr
37 WAL IA y y

o App =3 A e forward-backward ¢
FB = ZW, € Torward-bDackward asymmetry
S(A5A))
0 A = 55
Im = L yaz1 43
N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013

1
—-(1- F'L)sin2 O + Fy, cos® 0 + Z(l - FL)sin2 0 cos 20,

33/73



Bg = K*uTp~
Angular Observables

@ We don’t have yet enough statistics to measure the full angular
distribution

@ By applying the transformation ¢ — ¢ + 7 for ¢ < 0
lw -2 §(1 — Fp)sin? 0 + Fr cos? O + l(1 — Fr)sin® 0 cos 26

T dcosfpdcosOx dp 327 | 4 o KoL KTy o K ¢

— Fp cos? O cos 20, + Ss sin? O sin? 0 cos 2¢ +

3
7 App sin? 0 cos 0o+ Arm sin® 0 sin? 0y sin 2¢

@ This allow to extract the physics parameters Fy, S35, Arpg, A, with
a three-dimentional angular fit

@ This procedure allows to improve the sensitivity wrt angular
projection fits used by other experiments
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Bg = K*uTp~
By — K*utu~ in BSM scenarios

0.15F ' ' ' ' " 0.2F SM 1 Plots from

GMSSM;

1 W. Altmannshofer et al

See also:

GMSSMm

S3 SM Sz J. Mattias et al
0.00] -0} 1 C. Bobeth et al
_0_055 -0.2 and references therein
[ GMSSMp —03l
—0.10L \ \
1 2 3 4 5 6 1 2 3 4 5 6
7 (GeV?) 7* (GeV?)

@ Many observables sensitive to different NP scenarios
@ S5 sensitive to right-handed currents, i.e. C, #0

o Early measurements by B-factories showed tention at low g2 for
4
App = 356

@ Important to measure the zcp (where FF uncertainties cancel out)
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http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/1202.4266v1
http://arxiv.org/abs/1212.2321

Bg = K*uTp~
Analysis strategy

N
a
o

o [ ]
L E ]
3 20 LHCb -
o f Preliminary ]
- 150 0< q? <19 GeV2/cH] , )
P F 1 World's largest reconstructed sample of this decay
= r ]
$ 100~ -
w r ]
s0f3 R
o ]

5200 5400

5600 5800
my.. (MeV/c?)

@ Events are selected with a BDT

@ Acceptance effects are corrected in a model independent way on an
event-by-event basis

@ The physics parameters are extracted with a fit to the invariant mass
and the three angles in six ¢° bin
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Rare decays By — K* ,u+,u,_

Results: Differential branching ratio

i Theory MM Binned theory = Theory mmmBinned theory
15 —-LHCb 15 +LHCb —+—CDF___-®-BELLE —*BaBar

T o T T T T o T T
% LHCb ] 3 LHCb ]
Q Preliminary ] <] Preliminary ]
© g o g
X 1 - X 1 -
N ] ~ ]
) ] o 1
o~ 1 o~ 1
g 1 =y ]
T 05 -—}—- - 3 05 -
) Ty
[ 1 Q 1
© - hel B

c 1 1 1 1 C 1

0 5 10 15 20 10 20

4?2 [GeVZc4 q2 [GeV¥ct]

BaBar: S.Akar Lake Louise (2012)

Belle: Phys.Rev.Lett. 103, 171801 (2009)

CDF :Phys. Rev. Lett. 108, 081807 (2012)

Theory prediction from C. Bobeth, G. Hiller, D. van Dyk, JHEP 07, 067 (2011)

@ Most precise measurement to date
@ Consistent with SM prediction
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Bg = K*uTp~
Results: F7,

W Theory W Binned theory W Theory W Binned theory
. —&-LHCb . ~&-LHCb —+CDF _-#-BELLE —¥-BaBar
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BaBar: S.Akar Lake Louise (2012)

Belle: Phys.Rev.Lett. 103, 171801 (2009)

CDF :Phys. Rev. Lett. 108, 081807 (2012)

Theory prediction from C. Bobeth, G. Hiller, D. van Dyk, JHEP 07, 067 (2011)

@ Most precise measurement to date
@ Consistent with SM prediction
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Bg = K*uTp~
Results: Arp

W Theory M Binned theory W Theory WM Binned theory
~®-LHCb & |HCb —*CDF - BELLE —¥BaBar
E T T T T ] E T T T T -'_'_'—_
< F 4 << o q
05k 4 0.5k .
¥ f —— H 1 C 5= ]
ok of
osf- LHCb ] 05 LHCb ]
F Preliminary 3 Preliminary
L 1 1 1 ] 4L 1 1 1 ]
0 5 10 15 20 [¢] 5 10 15 20
& [GeVZ/ct] ¢ [GeVZ/ct]
BaBar: S.Akar Lake Louise (2012)
Belle: Phys.Rev.Lett. 103, 171801 (2009)
CDF :Phys. Rev. Lett. 108, 081807 (2012)
Theory prediction from C. Bobeth, G. Hiller, D. van Dyk, JHEP 07, 067 (2011)
@ Most precise measurement to date
@ Consistent with SM prediction
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Bg = K*uTp~
Results: S3

W Theory M Binned theory i Theory W Binned theory
. - LHCh . \ ~®-LHCb —+CDF
1 1 T T T
« [ LHCDb @ [ LHCb ]
r Preliminary [ Preliminary
05 E (o] R . -
oF , —— P -1 —— - i
; - o ]
0.5 - -051 B
|- 1 1 1 '_ 1 1 1 1
0 5 10 1 0 5 10

5 20 15 2
@ [GeVZ/cY q? [GeVZ/cY

CDF :Phys. Rev. Lett. 108, 081807 (2012)

Theory prediction from C. Bobeth, G. Hiller, D. van Dyk, JHEP 07, 067 (2011)

@ Most precise measurement to date

@ Consistent with SM prediction
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Bg = K*uTp~
Results: Ay,

—&-LHCb

E 1_ T T T ]
< f ]
0sF -
H= 13 ]
£ 4 I =1 ]
05 LHCb ]
r Preliminary 1
4L 1 1 1 ]

0 5 10

15 20
42 [GeV?/c]

@ Most precise measurement to date

o Consistent with SM prediction
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By = K*utp”

Zero-crossing point

@ The ZCP is measured by doing an unbinned likelihood fit of the ¢?
distribution and the invariant mass

W Theory @ Counting i it~ Unbinned
i3
< LHCb - r ~ ’ .
osk Preliminary ] § o I;;P,ﬁbmina,y ”;u 5| 'Evl%ﬁmary ]
3 Forward $ [ Backwarnd
éa ~ ™
0 R NS ¢ S S
= 3 :
= £
= g g
0.5 4 o @ +
2 4 6 2 4 6 2 4 6
o (GeV2/ict) @ (GeV2ic!) @ (GeVic?)

° LHCb made the world’s first measurement of the ZCP
@@ = 4.9711Gev?/ct

@ This measurement is consistent with the SM

@ Strongly disfavours models with flipped C7 sign wrt to the SM
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Rare decays By — K*u+u_

Acp in the decay By — K*u*p~

A

¢ 2l LHCDb i
0.1; -
o | ]
—0.1—_ _____ ___FF —*_—___—;
-0.2%> + ]
0.3 ‘ ‘ | —f
0 5 10 15 20

¢ [GeV¥cH

@ Direct CP asymmetry in By — K*utp~ (arXiv:1210.4492 )
o Acp(Bg — K*utp™) = (—7.2 £ 4.0(stat) £ 0.5(syst))%

@ World's best measurement of this observable

@ Good agreement with Belle and BaBar measurements
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http://arxiv.org/abs/1210.4492

e esymmeisy W B = &CVp =
Isospin asymmetry in B — Kt~

KO/+()

BO/+ KO/+(7)

@ The isospin asymmetry is defined as
B(BO—>K(*)0“+u—)_%B(Bi%}((*)i“+#—)
r= B(BO— K0t p=)+ 20 B(BE — K(Ept pu~)

o It is expected to be negligibly small in the SM

@ beyond the SM contribution can enhance it (wilson coefficients O1_g

and Osg)
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e esymmeisy W B = &CVp =
Results

JHEP 07 (2012) 133

. 05 Theory -e-Data
w_' L T T T T ] Y - T . T R T T é
Wi B Ku'yw LHCb B—Ku'u LHCb 3
T .
_0_5+ + 4] - B
aF E E
L5 1 1 1 1 __ 1 1 1 _:
0 5 10 15 20 25 10 15 20
q? [GeV¥c] q* [GeV¥c*

@ Both measurements are in agreement with previous experiments:
CDF, BaBar, Belle

@ The isospin asymmetry for the B — K*utu™ is in agreement with
expectation

@ The isospin asymmetry for B — Kutpu~ (when combining all ¢?
bins) is about 40 from zero (ndive SM expectation)

N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013 45 /73


http://arxiv.org/abs/1205.3422
http://prl.aps.org/abstract/PRL/v108/i8/e081807
http://arxiv.org/abs/0904.0770

Summary and prospects

@ 7 measurement:
o We have the first v combination from LHCb
o Results for v competitive with B-factories
e More data to analyse and more modes to be added!

Charm physics
o Performing well in charm physics

. . . =0 . .
o First single observation of D° — D" mixing (~ 90)
o | also remind you the evidence of CP violation in charm
o More CPV measurements in the charm will come soon

Rare decays
o First evidence of the decay B, — utpu~
o Measured several observables in By — K*utpu~
o Interesting and puzzeling results for Ay in B — Kutpu~

No big tention wrt SM prediction is observed

Most of the result statistically limited

Several other observables yet to measure
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Summary and prospects

Other results...

Pt

T My V)

Pu

many other interesting results could not fit in this talk
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Summary and prospects

Thank you for the attention
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Upgrade Physics

Type Observable Current LHCh Upgrade Theory
precision 2018 (50fb~ 1) uncertainty
B mixing 28, (BY V@) 0.10 [9] 0.025 0.008 ~ 0.003
28, (B2 — Jf) fo(980)) 0.17 [10] 0.045 0.014 ~0.01
Aw(B?) 6.4 > 1072 [15] || 0.6 x 10-% || 0.2 x 1072 |]0.03 x 10-2
Gluenic 28(BY — o) - 017 0.03 0.02
penguin 28:0(BS — K*°K*) - 0.13 0.02 < 0.02
28°7(B° — ¢K2) 0.17 [18] 0.30 0.05 0.02
Right-handed 26H(BY — &) - 0.09 0.02 < 0.01
currents 78(B? — ¢)/ g - 5% 1% 0.2%
Electroweak  S3(B° — K optp—;1 < ¢° < 6 GeV/ch) 0.08 [14] 0.025 0.008 0.02
penguin s0 Arp(B® — K*%utu™) 25% | 6% 2% 7%
Al Kptp—;1 < ¢ < 6GeV¥ct) 0.25 [15] 0.08 0.025 ~ 0.02
B(B* = xtp*tp)/B(B* — K*tp*tp™) 25% | 8% 2.5% ~ 10%
Higgs B(B — pTu~) 15 %1077 [2] 0.5« 1077 [J0.15 < 1077 [[ 0.3 « 1077
penguin B(B® — ptu )/B(B? = ptp) - -~ 100% ~ 35% - 5%
Unitarity v (B — DFIK®) ~ 10-12° [19, 4° 0.9° negligible
triangle (B = D,K) - 11° 2.0° negligible
angles B (B° — J/v 1\"§) 0.6° 0.2° negligible
Charm Ar 0.40 x 107 []0.07 x 1073 -
CP violation AAcp [5] []0.65 x 10?]]0.12 % 107* -

Implications of LHCb measurements and future prospects:
arXiv:1208.3355
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http://arxiv.org/abs/1208.3355
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LHCb Preliminary 1.0 fb

LHCb Preliminary
L, _I 0fb!

®
S
T

—+- D
Slgnal B—~DK

oy
=)
Candidates/(0.2 ps)
S

—&— Data
-_ Combmed

Candidates/(10 MeV/c?)

N
=]

[N
=]

B—DK
—_— Ifmagged D K
----- Untagged D] K

4
?100 5200 5300 5400 5500 5600 5700 5800 2 4 6 8 10 12 14
m(D K) [MeV/c?] T (B, —> D,K) [ps]

@ Presented at CKM 2012 LHCb-CONF-2012-029
@ Two possible decay paths:

o Direct b — ¢ decay
e Bg mixing and b — u decay

@ A time dependent analysis is required

@ We do not have a =y extraction from this channel yet, more studies on
systematics are required
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http://cdsweb.cern.ch/record/1477943

GGSZ method

T T
~ 3 B _ [T T T T T
< & 18k .
3 S 1
< S I
L B E L6] ]
14 4
1= - 12k N
1 1 1 ! - . A ]
1 2 3 1 12 1.4 16 1.8
m2 (GeV?/ct) m?2 (GeV¥c)

o Comparing the distribution of events in the D — KXh™h™ Dalitz
plot for BT — DK™ and B~ — DK~ decays

Determine the yield of BT and B~ in each bins of the Dalitz plot

N =np+ (Koi+ (23 +y3) Kyi + 2K K i(2 40 — Y4 544))

x4 =rpcos(0pt7), yr =rpsin(dp £ 7)
K; flavour tagged yield in bin ¢, ¢;,s; - CLEO inputs
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Calorimeter system

PID with Cal " Scitillating Pad Detector and Preshower detector
with Lalo system ~6000 plastic scintillator pads 15 mm thick

Y — DE:=- interlayed with 2.5 X, lead converter;
€ E%:_ Electromagnetic calorimeter (ECAL)

Shashlik sampling technology
h = Elﬁ ‘: Alternating scintillator (4 mm)/lead (2mm) tiles

SPD PLPRS ECAL  HCAL 42mm thick = 25X,

Hadron calorimeter (HCAL)
Iron plates interspaced with scintillating tiles
5.6 A, thick

11
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Im

n12%2)

Vealie

Ve 2 A —
FTEC) 3
Sides: Measurement of the angles:
V,q B-decay (AZ) = (AZ+1)+e +v,  cOs B¢
V,, K-decay K =+t ey, sin B B—am
Kosr++v,
a=> B—
Veg v-productionofc's v,+d—£ +¢ cos ¢ e
es D* 5K+ £ +v, sin B B—pm
V,, B-decay bau+l_‘+!, B".l/q‘ll(
ot _ bC+E+7, .
Vi AminB%-B° f= B—gK
B—D"D"
)
y= B—D'n
B— DK

N. Serra (Universitat
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0 i —i i .

AB = D'K)=Ae™, AIB =D K )=A"""

AD" = f)=Ae" and A" —= )= A_,eM' f being a generic final state of D-meson.
The ds are strong phases and y is the week phase, while A are real and positive

A —= (), K ]-=A‘Ar('":d'“5']+A“Ar(’”""m' 1}

B = (1K) = AﬁAfr’%: +ry +2r, ’% Re(e" @)
¥ r

where .;,:%, 0,=0,-0,. 8,=0 -0,
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In the GLW method the D meson is reconstructed when it decays into a CP eigenstate

A ) .
(e.g. K K), therefore the % =1,d8,=0,7 and CP=+1-1 =

= DB —=[fop oK)= AZA] (141 =21, cos(d, - 7))

We have:
A - (B - D, K)-T(B" =D K")  #2rsind,siny
(B - D, K )+T(B" — D" K") l+r, £2r,cos8,cosy
- i - + ot +
R.,. = I8 = De, K)+T(B” = D, K7) 145, +2r, cosd, cosy
AT(B —DK)
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e

In the ADS method it used the interference of
B~ — D"K" followed by doubly Cabibbo-suppressed D" — K*7°
and the suppressed B~ — DK~ followed by the Cabibbo-allowed D' —=k'n.
|AD® = K7
e
Since 1y, ~ 5% and r~10% the interference can be quite large!
_Is” —= K7, K" )+ T(B" = [K a"],K")
T = KA,k )+ TB = (K ]k
(B —=[K'7"],K")-T(B"— [K-H+JDK ) _ 2rgrysinysin(d, +6p)
B —[K'7a |, K )+I(B*—=[K x"],K") R,os

=r, +1;, + 2ryr, cosycos(d, +o,)

ADS =

N. Serra (Universitat Ziirich) Results from LHCb January 7-9th 2013 57 /73



Backup Slides

GGSI:

In this method the DY is reconstructed when it decays in 3bodies
le.g. K o).

ri,:'m' —_.F'[mf.mf]

W e 22
Ape = )

T8 —[K'x7],K 1= |_f|mi .mf]"‘l +ry _I"(mf.m::}|- +2ry _.f'[m';.mf}”_.f'[mf.mf]|L'c:s|d,\ +8,im2.mIEN

Bs>DsK (Time dependent CP asymmetry):

The interference between the direct decay and the decay after
mixing allows to access Y. The non-zero A I allows to include non
tagged events in the analysis.

Tposmg(8) = 2- [A[(1 + A" 2
i i Tt

b c : 3 = i Tagyme-p(t) = 2- A1 + |A4F) 7 (‘“‘h

5 S x

ATt

7+ 6, = 3lorg(3y) — arg(r)

I

=t ATt ., ALt
'[:ft':hh 2 + Dy sinh 2

—

» _ AT
2 + Dysinh 3 )
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LHCb v combination

e Combination of B* — Dh* analyses

o Parameters of Interest: & = (v, rp , dp,
o The likelihood £(@) = 3=, fi(A; obs| Ai (&) is used
o where f;  exp (—(A;-(an) — A o)V (A7) — A Obs))

1-CL

1

)

0.8]
0.6

0.4f

63.7°

85.1°

v
68%CL
95%CL

[61.8,67.8]°

[77.9,92.4]°
[43.8,101.5]°

0.2

0
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N. Serra (Universitat Ziirich)
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.
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B~ — DK~ 4+ B~ — Dz~ from LHCb
D-system from CLEO
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Other physics results..

© ' RS
3 [ o The rarest B-decay ever observed (before B — ptpu™)
b= B >k prp ]
8 [ [ B(BT = ntutu~) = (2.3 £ 0.6(stat) + 0.1(syst)) x 10~8
é (et reco. Good agreement with SM predictions
he} [ Combinatorial
E 7] arXiv:1210.2645
S
6000 6500
M,. . [MeV/c?
% 02 ‘ 1
< | LHCb 1
0.1 | 4 Direct CP asymmetry in By — K*utpu~
£ | 1
0 1 Acp(Bg — K*ptp~) = (—7.2 £ 4.0(stat) £ 0.5(syst))%
01¢ 1 World's best measurement of this observable
02 E
Good agreement with Belle and BaBar measurements
-03F 7
0 3 10 ! 20 2arXiv:1210.4492

15
@ [GeV¥c4]
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http://arxiv.org/pdf/1210.2645.pdf
http://arxiv.org/abs/1210.4492

First observation /evidence of ...

% ]

s

& First observation of BO — J/vw

£ ) 0.07

: T = 0.89 % 0.19(stat) L0 0% (syst)
&)

arXiv:1210.2631

First evidence of the B* — D ¢ decay

B(BT — DI ¢) = (1.874 25 (stat) + 0.37(syst)) x 1076
Also measurement of Acp

Acp = —0.01 £ 0.41(stat) + 0.03(syst)

arXiv:1210.1089

Candidates/(40 MeV/c?)

5200 5400 5600
D KK Mass [MeV/c?]
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http://arxiv.org/abs/1210.2631
http://arxiv.org/abs/1210.1089

First observation /evidence of ...

g

Candidates / (1 MeV/c2)

Pull

0 20 40 60 80 100 120 140 160 180 200
m(B*K’) - m(B*) - m(K') [MeV/c?]

First observation of the decay BZ,(5840)° — B** K~

World's best measurement of the B* — B mass difference

Important for the understanding of Zb+ (observed by Belle), which
may be a B — B* molecule

favours B, (5840)°JF = 27+
arXiv:1211.5994 submitted to PRL
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First observation /evidence of ...

\jg First observation of BO — J/vw
- B°—>J 0.07
: T = 0.89 % 0.19(stat) L0 0% (syst)

5.1 52 53 54 55 56
My [Gev/e?]

First evidence of the B* — D ¢ decay
B(BT — DI ¢) = (1.87} 25 (stat) + 0.37(syst)) x 1076
Also measurement of Acp

Acp = —0.01 £ 0.41(stat) &+ 0.03(syst)

Candidates/(40 MeV/c?)

5200 5400 5600
D KK Mass [MeV/c?]
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Isospin
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Acceptance effects: LHCb

llaboration: 2012

¢ Tuning of the LHCb simulation for known discrepancy (IP resolution and PID), using data
driven techniques

* Quality of the simulation verified by using the control channel B,—K*]/ ¢

Using the simulation as a function of the three angles and q? to correct on an eventby-event

basis
Weights in Bd—’K*]/?f)
E T T T ]
c 9 o ] - N —
R P NTTC ;
s _"A' o Preliminary ] H LHCb simulation .
P . s Data ] ! =
3 Corrected MC ] 4 .
S -} Uncorrected MC ] o
% ] ¥
P i
] 1
ol 'L L ] 0] 05 0 05 i
02 04 06 08 i
BDT response cos Oy
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N. Serra (Universitat Ziirich)

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

Candidates / (50 MeV/c?)

| B,— p*p emerging |

LHCb
L0 (TTe) £11 05 (5TeV)
BOT>0.5

LHCb
100 §71eV) #1110 (5TeV)
BT =

T
LHCb

L0 (TTeV) 511 b (8TeV)

Results from LHCb

6000
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* Perform simultaneous unbinned likelihoeod fit to
15 BDT bins of 2011 + 2012
— Exponential slope+normalization, B, and B yield fully free

— Gaussian constraint to
* Exclusive background parameters
« B2hh misID

— Fit result:

Likelihood profile vs BR

ALL

W B m o =

BR(B, — u'u ) =3.2") (stat)' )5 (syst)x 107 LHCb

— Evaluate systematics with
« Change bkg model
* Fix all Gausian constraints

- BR fully dominated by stat

— N

L I 3
4 6 8 10

B(B—u'w) [10°]
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