UNIVERSIDADIE

DE SANTIAGO
DE COMPOSTELA

Results from LHCb

XLII International Meeting on Fundamental Physics
27-31 January 2014 (Benasque)

José Angel Hernando Morata
Universidade de Santiago de Compostela, Spain
(LHCDb Collaboration)

1




outlook

# LHCb and Flavor Physics
= The Physics case

= The LHCb detector
+ CP Violation
m Direct CP violation in B)—hh
= y measurements B—DK
= B oscillations
5 ¢s: Bs—J /P
% Rare decays (RD)
= B—K*uu
= Be—pu

@ Conclusion




Physics case and LHCb detector

I. Physics case,
the LHCb Detector




Physics case

= FCCC: the Unitary Triangle: y
= FCNC: Flavour Changing Neutral Currents: a search for New Physics

(NP)
a Forbidden at tree level. NP enters in loops and penguins!
a B (D, Kdecays) controlled by SM CKM matrix with some precise SM

predictions
® QOscillation in B(s), CP violation, rare decays (RD)
& Measure: Asymmetries, branching rations (BR), angular distributions
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The Flavor puzzle!

= Flavor transitions can be parameterized in terms of operators,
coupling and mass scale

m The Flavor puzzle: If NP is at 1 TeV the coupling should be small or if
the couplings are 0(1) the NP is a higher scale than 1 Tev! or the
flavor structure of NP is ‘aligned’ with the flavour in SM (Minimum
Flavor Violation MFV)

CSM CNP I 1
. . — S A A
Alfi = fi+X)=Ao | =5 + 105} Lom + 15— (QiQ;)(QiQy)
My, A ' -
i =
% L
& B
- = 10°F
Operator Bounds on A in TeV (cxp = 1) | Bounds on exp (A = 1 TeV) Observables <D [
Re Im Re Im | 2 —_
(5.yMdr)? 9.8 x 10% 1.6 x 10* 9.0x 1077  3.4x 1077 Amp;ex | 10°F
(5rdp)(50dg) | 1.8 x 104 3.2 x 10° 6.9x1079  2.6x1071 Amy; e [
(ey"ur)? | 1.2x 103 2.9 x 10° 56x 1077 1.0x 10" | Amp;|q/pl, ¢p 10!
(€rur)(CLur) | 6.2 x 10° 1.5 x 10* 57x 1078  1.1x 1078 | Amp;|q/pl, ¢p E
“(b7"dL)” | 6.6 x 107 9.3 x 102 23x10°0  1.1x10°0 | Amp,: Syxs (s — d) (b _).d) (b— 58) (c— u)
(brdy)(brdg) | 2.5 x 103 3.6 x 103 39x10°7  1.9x107 | Amp,: Syk, - Amg, ek Amg,sin2f  Am,, Ay D-D
(bry*sr)? 1.4 x 10? 2.5 x 102 50x107° 1.7x107° Amp,; Sye -
(brsr)(brsg) | 4.8 x 10? 8.3 x 102 88x 1076 29x1076 Amp,; Sys Oscillations Oscillations
Table 1.1: Bounds on representative dimension-six AF = 2 operators, assuming an effective coupling cxp /A2. CP violation . and CPY " and CPY F)scﬂlatuons
in K system in By system in B system in D system

Isidori, Nir, Peres, arXiv:1002.900
Isidori arXiv:1302.0661

(Fig. Neubert, EPS-HEP’11




The Flavor puzzle!

= Flavor transitions can be parameterized in terms of operators,
coupling and mass scale

m The Flavor puzzle: If NP is at 1 TeV the coupling should be small or if

the couplings are 0(1) the NP is a higher scale than 1 Tev! or the
flavour structure of NP is ‘aligned’ with the flavour in SM (Minimum
Flavour Violation MFV)

Mass scale of New Physics (new colored & flavored particles

Simplifyin <1TeV few TeV > few TeV
A X A CSM CNP a cfmplicfted
(fl — f] + ) — 0 M2 + A2 multi-dim. Direct New Physics searches @ high pT:
w problem... e
thin dirett | NPwithinreach | NP beyond direct
s v I @ 14 TeV | searches @ LHC
1 |
. ) o NP effects in Quark Flavor Physics:
Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables l ' )
Re Im Re Im Anarchic | [ sizable/small
(5.7"dr)? | 9.8 x 102 1.6 x 107 90x107  34x1077 Amg;ex | | | [<O0M)]
(Grdp)(3rdr) | 1.8 x 10* 3.2 x 10° 6.9x 107  2.6x 107! Amp; ex o
@yPu)? | 1.2 % 10° 2.9 % 10° 56x107  1.0x107 | Amp;la/p], ép = ~ Small I |
(erur)(Crug) | 6.2 x 103 1.5 x 10* 57x107%  1.1x107% | Amp; |¢/p|, 9D S misalignment [ small | small/tiny
(brytdr)? | 6.6 x 107 9.3 x 102 23x1078  1.1x107° Amp,; Syk = (e.g. partial | [ O(10%) ] | [ O(1-10%) ]
(brdy)(brdr) | 2.5 x 10° 3.6 x 103 39x1077  1.9x 1077 Amp,; Sy L compositeness)
(bpy*sp)? 1.4 x 10? 2.5 x 10? 50x107°  1.7x107° Amp,; Sys S small I t_ [
b b 4.8 x 10? 8.3 x 102 88x 1076  29x10° Amp_; Sy < ; mny not visible
Table 1.1: Bounds on representative dimension-six AF = 2 operators, assuming an effective coupling cxp /A2. SM (MF V) I [
Isidori, Nir, Peres, arXiv:1002.900
Isidori arXiv:1302.0661 Isidori, 2013




LHC: a beauty and charm factory

% b hadrons in forward direcion, 2<n<5, and “low” Pr

« but in a ‘dirty’ hadronic emvironment

" Gluon-Gluon-Fusion:

= g, e bb Production

~900 physicists from 64 universities/laboratories in 16 countries.
Running since 2010, Link to > 160 papers.
O(100k) bb pairs produced/sec. - = * Pythia

P; of B-hadron

1 i |- — i 11 1 i - i 11 1 E
0 -2 o 2 4 6
n of B-hadron




LHCDb: Leveling the luminosity

+ ATLAS/CMS luminosity: ~25 primary interactions, LHCb can cope with ~2
= Due to radiation, occupancy and PID performance
+ ReduceD Instantaneous Luminosity: L ~ 2-4 1032 cm™s!

+ Lateraly displaced from head on collision to reduce inst. luminosity

nstantaneous Luminosity Updated: 10:36:07

Fill 1883
21/6/11
1092 bunches

1000 -

ATLAS & CMS lumi
falls off exponentially

600

(LY2011 ~ 2.7 x 1032em =251
400 - Lumiof LHCb ‘levelled’ continually 5 CERE
LH‘__ (LY2012 ~ 4.0 x 103%2cm—2s~

Luminosity / 1e30 cm-2s-1

200- j’”w E

0 1 1 I 1 I 1
00:00 02:00 04:00 06:00 08:00 10:00
— ATIAS — AUCE — CMS — LHOb




Luminosity

+ Integrated Luminosity: 1 fb1(2011) 2 tb(2012)

= efficiency >93%

+ Relevant decays have small BR, with selection efficiencies, we expect O(104) to

few events per fb!!

+ Most analysis use 1 fb™, few with 3 fb-!, expect most data analyzed in 2014!

LHCb Integrated Luminosity

Delivered in 2012 (4 TeV): 2.209 /fb
Recorded in 2012 (4 TeV): 2.082 /fb
Recorded in 2011 (3.5 TeV): 1.107 /fb
Recorded in 2010 (3.5 TeV): 0.038 /fb

Integrated Luminosity (1/fb)
®
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Detector requirements

@ Identify specific Bs) decays and separate them
from background!

®= Good secondary vertex resolution

® Good mass resolution, resolve B(s), D(s)

® Particle Identification (PID) p/nt/K/u/e

= Trigger on hadrons, y, di-y, e, y

tracker:
strawtubes/Si strips

300 mrad




LHCb detector
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The Velo detector

+ Velo detector « crucial:
m Si strips (r,¢) sensors, in vacuum and RF foil = Trigger (hadrons, single muon)
® retractable: 8 mm from the beam line! m Secondary Vertices (Bs) decays)
= PV resolution: 13 um (x,y), 69 um (z) ® (Qscillation

8 proper time resolution oi~45 fs!

® Impact parameter,IP, <20 um (Pr>2 GeV)

IP, Resolution Vs 1/p_
100

s =7 TeV

0" —— 2011 Data

80

uwm
n
o

|||||| ||||||||||||||||||||||||||||||II|IIII|II

40
30
20
LHCb VELO Preliminary
10 0=132+ 24.7/p_r um
00 1 1 1 Io.l5 1 1 1 1 .Il 1 1 1 1 1!5 1 1 1 1 I 1 1 1 1 I 1 1 1 1

2.5 3
1/pT [c/GeV]
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The tracking system

77T

Velo

T
[ |

pstream track
/
e | T track
/ /
,—//_——_\_\-
| Long track ]
// _-\\
Velo track
TT
Downstream track |
\
[
T1 T2 T3

racking system:

Velo+TT+T-stations

central: silicon strips, external: straw tubes
Aligned to 14 ym using J/yp—pu, D°—=Kn
efficiency 98%

Ap/p = 0.5%
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Events /(9
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T station method N, =(495.3£1.2)x 10°

2011 data

o ~ 15MeV/c?

] L 1 . ] . . L | . . . ]

2800 3000 3200 3400 I
M. (MeV/c?)
# Crucial:
= trigger: large Pt and good 2

= mass resolution:
s 0(Be—J/pX) =8 MeV

= 0(Be—up) =23 MeV




PID

+ PID:

= Riches:Gas radiatios and aerogel,
Photomultiplies tubes

= Efficiency/Rejection using ALL

= Calibrated with data: J/y—py, tag and probe,
D*—D(Km)m

14— T 71

LHCb O O ALLK-m)>0

\'s =7 TeV Data e m ALLK-m)>5

Efficiency

-

g P Y
-t
'.‘-

K—-K

60 80 100
Momentum (MeV/c)
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@ Crucial:

& trigger: u-ID (di-p)

ms  Separation of B(s)—hh’ (h=m,K)

s Separation B*—DK* from B*—Dmn*

s Rejection of bkg: B®—pup, due to B—hh’,

. 5 .
with h(h’) misID by u
s 105 AR
W r @) ]
W LHCb ]
P s 8 s
0.95 —% 7
| ]
09 7]
—o— ntracks<40 E
—&— 40<ntracks<60 ]
085 60<ntracks<150 E
[ —— 150<ntracks<250
0 8' R B B B B
0 20 40 60 80 100
Momentum [GeV/c]
~ 014 ~— L B
Fonf] o
B 0.12:- LHCb
= o ]
S 0.1_{;{? ]
0.08fF s
0.06F ™ s
r ]
0.04 o -]
0.02F j:t .
0 20 40 60 80 100

Momentum [GeV/c]

p-misiD




40 MHz bunch crossing rate

~ > >

rLO Hardware Trigger : 1 MHz
readout, high Ev/Pt sighatures

SR
~ <> >

[ Software High Level Trigger

Introduce tracking/PID information,
find displaced tracks/vertices

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

D

\___selection algorithms y

O O I

5 kHz Rate to storage

2 kHz
Inclusive/

1 kHz
Muon and
DiMuon

2 kHz
Inclusive

. Exclusive
Topological

Charm

Trigger

+ High efficiency, manageable data size

« Trigger on different B (D) decays:

m Inclusive/Exclusive

« Handles:

= Prsignals, IP tracks, displaced Secondary Vertices
(SV), muons

= Identify events TOS (Trigger on Signal)/TIS
(Trigger Independent of Signal), => trigger

efficiency!

o> 1 — T
£0.9 o o —+—4— 3
[} -~ 3
cosf ¥ 3
L1 0.7, + '
0.6 3
0.5 3
0.4 , . ;
osf Di1Muon trigger ;
0.2 ]
0.1 LHCb-PUB-2012-017 3

0 1 1
0 10 20 30
P, (GeV)

15 Dimu eff




CP violation

I1. CP violation
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Unitary Triangle

% 3 quarks families, a Unitary complex matrix (CKM)

CKM matrix
[ |
Via Vs Vi L L

V= Vg Voo Vo |~ = I - 14

Via Vis Vw . - . e_'i:B. _eiﬁs.

® Wolfestein parameterization

ViVaa + ViVia+ViVie = 0 0= >

ViaVii ] 8= arg [_ VeV,

¢ [_ VudVig,

(1,0)

6_7’7.




Status of UT

1-5 T T T | T T T | T T, T T T T T T T T T
: excluded area has CL >0.95 ’% :
- Y ¢} -
1.0 — ¥ _
0.5 — _
IS 0.0 — —
-0.5 — —
-1.0 — €k 7]
B fitter Y I sol. w/cos 26 <0

- FPCP 13 E (excl. at CL > 0.95)
_1 .5 i [ | | [ I | | I I | | I I | | I I | | N I | i

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

P
® CKM success!

= LHCDb aims: direct measure y ~4° precision (~10 fb™)
18




Observing CP

@ CP arises due to the interference of amplitues with different phases
ale_i¢1ei51

alel¢1 et

# Charge Asymmetry (direct):

# Time dependent Asymmetry (indirect):

% same final state f
At) = —
o f )= /) + N(B

B()
m 50 —¢p

19




)

Candidates / ( 10 MeV/c?

Direct CP - Bs—hh —

<+ Large direct CP violation in B)—hh (h=K,nt) decays:

a0 LHCb B ~41k 3 —

3 (@) '\ 3 (b) BY>Kr

3000F- - Bz_””’

3 3 B KK

2 g B—>3-body . 5} -

2000 - - -C:mb. bkg A‘}h E_N(B — f) N(§ — ]i)

N(B— f)+N(B — f)

1°°°:;.-\J -

- - @ Acp(B®— KT 7r™) = —0.080 = 0.007 (stat) = 0.003 (syst),
300 - = B*—=D(K*7%)K% (80— k~7+) = 0.27 = 0.04 (stat) + 0.01 (syst).
200 by — >50

; ion of direct CP in Bs!
100F #SI OW

Fromimme foimm \ SRt e S Ty [) g

05" 51 52 53 54 55 56 57 51 52 53 54 55 56 57 5.8
K~ invariant mass [GeVIcz] K 7t invariant mass [GeVlcz]

® Must take into account detector and production asymmetries (data driven methods)

m difficult to relate to SM due to hadronic factors, but we can test a SM relation:

Acp(B°—K"7m~) BMB)—K 7)1,
Acp(B— K 7t) BB °—K*t7 )7,

20

—0.02 + 0.05 = 0.04,




. I ) UT triangle: y via trees!

+ vy angle: (68+12)° (Morioni12, no LHCb)!
« Measurable using B*—DK*!

+ Common final state f

D

cl o

id)
V - . DOK- «rpe 8
1fc<lle— Vuw %DO r \‘ s_A(B 2D°K)
Ve K g A(B"»DK")
@ g B

C o b S_. _
ﬁD b u Ve ﬁK K D _J rpyet= A(lzo_)fD)
(85— y) DK A(DO_)fD)

Favoured Suppressed acrye’

& Methods:

= GLW: CP eigenstates (D—KK,n;t): large yield but small interference

= ADS: suppressed D decays, B*+—D(t*K*)K* vs favored anti-D decays B*—D(K*n*)K*:
small yield, but large interference

= GGSZ.: via Dalitz plot of D—KsK*K-, K¢t

= Hadronic parameter are a nuisance but can be deteminated from data

21




Events / (5 MeV/c?)

Events / (5 MeV/c2 )

CP

y: B=D(hh)K

B* mode D mode B~ Bt

DK* K*n¥ 3170 + 83 3142 + 83
K*KF 592 + 40 439 + 30
e 180 & 22 137 + 16
TEKT 2347 73 + 11

Dr* KEn¥ 40767 + 310 40774 + 310
K*KF 6539 + 129 6804 + 135
atn¥ 1969 =+ 69 1973 =+ 69
atKF 191 + 16 143 + 14

A 1 AK K T
P+ = \Ag Ak
=0.1454+0.032 + 0.010,

LHCb LHCb 1
B-IK*K K B*SIK'K K" 7
4 o J
Mosba 4 b ¢ 4\ MY sttt X T Y. A y
LHCb LHCb __
Bo[K'K ) B*S[K*K] i
5400 3600 5400 3500
m(Dh*) (MeV/c?)
B- B+
LtHeb | LHCb  _
!
"'|!"||"_!g‘_ H B—[nK* K li]"l!' B*>[n'K] K*
I\ il
V' l h— Y
L4 Wl
e L0 Bl T Al el L el |

5600
m(DhY) (MeV/c2)

Anpsi) = (R — RY)/(Rx +RY)
=—0.52+0.15+0.02,

1o (consistent BaBar, Balle COP)

Aapser) = (R; — R¥)/(R7 + RY)
=0.143 +0.062 £ 0.011,

+ Mass PDF: signal, ;t bachelor misID as K, parzt;ally reconstructed B—DX, combinatorial




y: B=—>D(KKK,Km)K* | iabaconssiboosenn:

® B*—=D(KsKK,Ksmtt)h*: CP conjugate decay
= extract y from the Asymmetry of B* in the Dalitz plot

= hadronic phase change across the plane: Use of CLEO-c data

j\; BE :,E 3__ LHCb preliminary__ :.E 3__ LHCb preliminary_.
> £
3 5 Z ot [Ldr=20f"{ > [Ldr=20fb"
5 - < 1 O ]
¥ 5 Sl ey
i g 2 s 2 .
L 1 L ]
i > 3 N 3
e m?2 [GeV?/ c4] m?2 [GeV?/ c4]
m. . (GeV?/c?)
A >\,03'"'I'"'I""|""I""I""_
il = (=817 R 31T 16 H06) X 1032 E LHC Preliminary | .
FMBR "+(Kﬂ” T erq” A s v, Y | = A S (L1 [T R (2 i ol
Le:(B7) = ni (B +righs + 2V EGK (@ Fyps))s | | ) 0 (014 36+£14+£1.9) x 1072 i
I (0] 2R W SN A S | e B =2 o
ry =rpcos(dp £7), y+ = rpsin(dp £ 7). '0'1; | ]
02 B | .
N |
_0'3'....|....|....|....|....|....'
03 02 01 O 0.1 02 03
y |(B7+16)S i
2fb-1
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y: Combination

« Combination B*—=DK?#:

s GLW/ADS 1fb" (still 2fb to add!) + GGSZ 3fb

= Combination with B*—Dmn* only 2011 data

] 1_' | | LA B B BN B ) 1_---|----- A L R B

S LHCb Q LHCb

— 08 Preliminary  _| — 08 Preliminary  _|

0.6 0.6 67+12 N

04F o3 04F esaw L0 E

02F 02} .

[ - c) ]

.................................................................... - [Trrrrrrrrrr - | U | ) || | o 1
00720 40 60 80 100 120 140 160 180 %0720 40 60 80 100 120 140 160 180

v [°] v [°]

v = (67 +12)° at 68% CL.

y = (68+8'O—8.5)0 - FPCP’13 CKMfitter
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Ams: Bs oscillations

@ B(s),D,K neutral mesons oscillate

® via loop diagram, NP can enter in the loop!

® Bs very rapid oscillation!

m described by Schroedinger eq. with Bu/1, mass states

s oscillation governed by Ams

( —)I)

|BL) = pl|B") + ¢q|B)

—()

|Bu) = p|B°) — q|B)
A ((BUB() N _ [ Mu—4Tn M- 4T (B°|B(t))
dt <ﬁ,|B(T)> B ‘\[21—31"21 J[QQ-%I‘QQ <§”|B(f)>

B

0.8

0.6

0.4

0.2

Prob[Bg](t)
0.5 1 1.5 2 2.5 3 -
Proper Lifetimes

0.5 1 1.5

2

)

= I'm+1Ty my + mrp
5) It =
- 2
Am=my —myp >~ 2 .\[13‘

ATl =T — Ty ~ 2|T'12| cos ¢

’ _ T
| M2

1 —

|g sin ¢12

AmM = 17.3+2.6

ps

3 2.5 3
Proper Lifetimes
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Ams: Bs oscillations —

« flavor specific decay: Bs—=Ds "

d
m geveral Ds—h*hh i.e Ds—¢(K*K)m : ~34k events/fb™ i //4 w }ﬁ
= proper time resolution o(t)~44 fs, selection efficiency €(t) E{ 5 i; } D+
= use of flavour tagging to identify mix and unmixed decays:

a OST: lepton, K or seconcary vertex charge: B*—J /K™ f — L_m :

a SST: associated K P

a tagging efficiency, wrong tag probability, effective tagging 2.6+0.4 % (OST), 1.2+£0.3% (SST)

b
7/5}32 Same side
b <

g}K+ kaon tagger

lepton taggers
from b-quark (Mf, 67)

26

combine different taggers

~— J /% o :
. optimize with simulation
Same side L5 calibrate with data
proton S < proton

Opposite side PN s . Vertex charge tagger

H %, frominclusive vertexing

K-

____________________ Opposite side

""""" kaon tagger




candidates / (0.1 ps)

Ams: Bs oscillations —

— Fit mixed AT, =0.106+0.011 £ 0.007 ps~.

Amg = 17.768 +0.023 (stat) £ 0.006 (syst) ps~',

|
/ rement:
~most Jm'emse measw

|
in agreement sSM!

m—

_ y o Tagged mixed
! AN s o Tagged unmixed
400} VY iy
: L Fit unmixed
200~
0 , .
0 1 2

4 —

decay time [ps]

= fit to mass and proper time distribution PDF

1
P, (t|o;y) {FS el =

AT
cosh
2 [ ( D

® G (1, S5,0,) & (1) €,

S

t) +q [1 —2w(nost, Nsst)] cos(AmSt)] 9(1)}

convolution t-resolution

= gyst: reference and scale of proper time

q=0,1(unmix),-1(mix), w (wrong tag), € (tag eff)

27




Am : B oscillations —

@ And the B oscillations:

] S *
& using B—D ", and B%J/IPK AmcsiM — 0.555 + 0.073 pS—l
g ,,f LHCD 1 £ [ LHO 1
g 04 +-p' D 7t 7 = 04 B> J/I/IK*O -
i - — combined . = - — combined -
g 02 1 7 o2f ’
E | 2 o , %—/—\

TR B
+
—

S«
~
1 1 | 1 1 1

L L | N |

5 10 15 5 10 15

B’ decay time t [ps] B’ decay time ¢ [ps]

N{unimited) =N (hited) Sas (At Amg = 0.5156 + 0.0051 (stat.) + 0.0033 (syst.) ps~ .

Amix(t) = X
N(unmixed) + N(mixed) cosh(AT'4t/2)

ent!

, rem
most precise measu

!
in agreement SM!

28




® CP due to mixing

a via flavor specific decays (semileptonic):

a Bs—Dsuv, Dst—@(KK)m*

a %, is very small in SM ~0.2° but can be

affected by NP!

CP semileptonic asymmetry —

tan ¢12 )

$12 = arg (—Mi2/I'12)
a5 (BY) = (£1.9+ 0.3) x 10~ ?

negiglible due to rapit oscillations

agl} o € et cos(AM, t)e(t)dt
2 | [, e Tst cosh(2let)e(t)dt

= ~189k candidates

= Correct by detector asymmetries

& J/y TIS, and tag-&-probe, D*—D(Kmmr)

= Dominant syst. from stats of control sample

!
, rement:
move precise measu

n agreement SM! ‘
i o!
“Not exclused not conﬁrmeaf D

|

29
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. [ | e ™. - - T
v-|,5 B _ | CPininterferance between mixing and decay

+ Common CP final state accessible via mixing:

= NP can enter in the ¢v phase!

¢p
BO :'f

RN

+ time dependent asymmetry:

BO _(pD

= dilution due to tagging!

NB— f)—-NB—=f) _

4 = NBESHINGB =)

D n?P singy sin(Amt)

# Golden channels:

By — VK.: ¢ypx, =208 = 50° —55°

Bs - ’l,b¢ . ¢J/¢¢ = —2,83 S’é\l —2.1° £ 0.1°
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(% &) B:CPinB—J/yK. |EEEEGEEN

= reproduce B factories measurement! 1
A o) = rBot) — J/yKd) — r(B(t) — J/¥KJ)
= golden channel: B—J/ypKs IWKST2 P (BO(6) > J/ WK + T(BO(t) — J/¥K)
: = SJ/l/ng sin(Amgt) — Cj/ng cos(Amgt).

= time-dependent asymmetry

a tagging OST: D (2.38+0.27)%

SSMS (2.3 7)% S yko =0.73 20,07 (stat) & 0.04 (syst)
® main Syst, 62(32.65:|:O.31)%, W= O.365:|:0.008 CJ/V,KQ —0.03 + Oog(stat) +0.01 (SySt),
A simultaneous fit to the different I'(t)
~8k flavor tagged 04—

SI800E T T 8 03f
< 16001 LHCD STk
(5 B 0.2
2 1400F = g
< 1200F E < o
> 1000 = & OF
Q o ] %} -
5 800F = 0.1
g 600F E Lgaf
S aand E 03

200 3 s

SO ORGSO ONE I OO T OO ON I ON i 0.4

5240 5260 5280 5300 5320
My, 0 [MeV/c?]

WA  Sj/yke =0.679£0.020
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_ (' ] .) ¢s: Bs—J /WKK,Bs—J /ymm _

i

8 ¢sis -2fs in absence of NP! % t‘} Thp
= b
B

2 Golden channels: s

- w
5 S
i ;} $(1020) — KK

s Bs—J/WK*'K", mostly Bs—J/p¢p(K*K), vector-

vector, separate via angular distributions CP < |
even and odd components — angular '} p
. =0 b
analysis Bs{ ’ n
T T~ Y980~
s Bs—J/ypntm, mostly Bs—J /wfo(980), vector- 5 g fol
pseudoscalar, CP odd component
~27k candidates ~7.4k candidates
45005"'|"'|"'|"'|"'E S0 E T T T T T T T T T T T T
N E 3 LHCb
> 3500 = = 1600
= 3000 = T
& 2500 E gr'? P
> 2000 = L
2 1500F = 700
= 1000 E
Fc% = ] 400
SEmidiy ™ . E
e E R0 e
5320 5340 5360 5380 5400 5420 p

m(JIwK*K") [MeV/c?] 32 m(Jy#r) (MeV)




¢s: Bs—J /WKK,Bs—J /[y

= time dependent decay rate!

;}-I/W
B { b —b—&

= J/yKK, 4 amplitudes, angular analysis T o

T . r(s—r)
s angular acceptance using simulation Ny
:Ne_m{i(l + oS ¢s)
= ambiguity: (¢s,Al's)«—(m-¢s,-Al'S) o—AT/2
+ (1 — cos ¢s) £ sin ¢s sin(Amgt) }

= requires tagging! =

= proper time resolution: prompt candidates
d*T(BY—> J/YyK K~ )
drdQ)

th )f1 (€

= life time acceptance: B*—J/ypK* and simulation

1 ; 1
s h(r) = Nke_rs’[ak cosh (= ATt ) + by sinh = AL,z
Ao 2 2
Al
. A + ¢, cos (Amgt) + d sin (Amst)-|,
S} J/ 14
BO
B! { 2 s k Fi(8,, 0k, ©4) Ny ag by Ck dy
ﬂ\ }¢(1()2()) S KK i 5 1 2c0820gsin20,, 4,2 1 D c 1s
ES 2 sin 20k (1 — sin?6,,cos % ;) Ay 1 D C -5
3 sin20x (1 — sin26,,sin’¢),) A, |? 1 -D c S
— — 4 sin2fxsin?6,sin 29, |[AjALl Csin(8, — &) Scos (8, — 8y) sin (8, — §)) Dcos (5, — &)
5 14/25in 26 sin 20,c08 ¢, [AoAy cos (8 — &) Dcos (8 — &) Ccos (6 — 6p) —Scos (8 — &)
6 —3V/25in 26 sin26,,sin @,, |AgA L | Csin(8; — &) Scos (8, — 8p) sin (8, — &) Dcos (6, — &)
N 7 25in2g,, lAgl? 1 -D c s
Ki= P H 8 1+/6sin O sin 26 ,cos @, |AsAyl Ccos (6 — bs) Ssin (8 — 8s) cos (8 — 8s) Dsin (8 — 8s)
””””””””””” ©Oh 9 —1+/6sin O sin20,,sin @, |AgA ] | sin (8, — &) —Dsin(8; —8s)  Csin(8; — &) Ssin (8, — )
< = Nep e s e oo O 10 43 cos Oxsin?6,, |AgAl Ccos (8, — 8g) Ssin (§y — Js) cos (8y — &) Dsin (8, — Js)
D N N >
= K'K B ptw N
K* i) -
“\( __2|Alsin ¢, __2|Alcos ¢, e q A
L+ [AR L+ AR T S
Il Il 1)
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Bs—J /wKK
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sl

T ;} $(1020) — KTK~

02— — T T T T 1
0.18 B —68%CL.
¢s =0.07 +£0.09 (stat) £0.01 (syst) rad “°F LHCb =90 % C.L.
o 95 % C.L.
I's =0.663 £ 0.005 (stat) + 0.006 (syst) ps~'| 014 F ¢ Standard Model
—1 ™, 0.12 F
AT, = 0.100 £ 0.016 (stat) & 0.003 (syst) ps~} -genn 3
= 0.08F
s : fa 0.06
= Main syst: angular and life time acceptance Snd Most precise measurement’
= (Can extract Ams too! 0.02 In agreement sM!
= Can resolve ambiguity studing KK mass -0.4 -0.2 0 0.2 0.4
regions ¢ [rad]

Am, = 17.70 = 0.10(stat) = 0.01(syst) ps~ !,

14F - C
3 4 LHCb
3 12F :
£ 10f =
2 8 & o
— i
5) o 1E
= 4F  F
<k =
2F -
17 117459 _118 1000 1020 1040
Amg[ps’] m(K*K') [MeV/c?]
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i Boed K Bt e |

S 2l
E!{ b ~>—<{< E:{ b »—Q

ot W - W
S —4\‘\ :_} d)(1020) —5 K+K— S —4\‘\ ;}f0(980)—’ﬂ'+ﬂ'

= 0.07 £ 0.09(stat) = 0.01(syst) rad,
= 0.663 = 0.005(stat) = 0.006(syst) ps !,
= (0.100 = 0.016(stat) = 0.003(syst) ps ..

¢s = —0.14771¢ £ 0.01 rad

0.05 LHCb<1.0fb™'+ CDF 9.6fb '+ D@ 8fb™' + ATLAS 4.91t
N O2LSY = s B B AR RN S AL BLELEL L B L L =
= combination 7 x Sy HFAG I8
2 a0k N E
" N 68% CL contours ]
= 0.01 £ 0.07(stat) = 0.01(syst) rad, Z - (Alog £ =1.15) 7
0.15 L I
_ B o +LHCb .
= 0.661 * 0.004(stat) *+ 0.006(syst) ps~ !, E N L -
— 0.10 O Ve L -
— 0.106 = 0.011(stat) = 0.007(syst) ps~". ' e ,xagz.qm?l”ed ]
- \ CDF " oo e
005¢ Lo SM S ATLAS) ]
! O-I PR T R N T N N ;-u--u-u:_-u—_l--u--u-:-u--l--u-. PO S I T T T I:
In agreement SM 45 10 -05 00 05 1.0 15
CcCs
| s [ra

2
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Charm: D° mixing —

® D° mix (similar mechanism, down quarks in the

loops)! small rate. |D12) = p|D°) 4+ ¢| D),
= time dependent ratio: D**—D°(Knt*)n*s (RS:CF), ,
D**+—Do-(K*m)mts (WS:2CS or via oscillation) r=Am/T| |y= ATl/2I'| [0(10?
t x/2 + 12 t 2 .
Rt)~Rp++Rpy - +—2 (—) , @ ]
95 4 i —
s & LHCb -
x
RS~23M WS ~0.1M
/-\SXI|06""I""I"" <) 2(1|03""|""|""
3 é_ LHCb ° Data _: 3 60:_ LHCb . Data —
Z T (@ — Fit E Z sof () — Fit ‘é
> 6F Bl Background 3 3 Tt I Background =
— ] — 5 sS4
S Sk 1 o4
g 3 1 S0k T 02
2 2F 12 f =
S 1 S 0
of , ] of = -0.2F
2.005 201 2015 2.02 2.005 201 2015 2.02 E ) ) X ;) }
M (DY) [GeV/c?] M (D"r?) [GeV/c?] 0 2 4 6 20
T
22 = (5.5+4.9) x 107°, f = (4.8 + 1.0) x 1073, o \
Oscillation established!
— N o) . , ’ { t]:Oﬂ!
Ap = (—0.7£1.9)%, 0.75 < |¢/p| < 1.24 | 68%C.L: o avidonce of divect v indirect CP viola
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Rare Decays

I11.Rare Decays
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Angular analysis B—=K*uu —

& [n the SM, the y/Z penguin introduces a forward/
backward asymmetry (Arg) of the muons

m  SM prediction of the zero-crossing point of Arg
a8 SM g% = (4.-4.3) GeV?/c?

m This Asymmetry and other observables (Fi,S3)
can be altered by the presence of NP

& W. Coefficients involved: C7,Co,Ci0

®m [ HCb measurement clarified the situation after
BaBar, Belle, CDF results!

Theory M Binned
-&- LHCb -4 CDF -¥ BaBar - Belle

==~ ATLAS CMS
T T —T—T

m
T
<

L .2.20
2 [GeV*/c?
q-[ ] 39

g g
b . s b - s
¢ - d -
7, Z(] H
“..4 'u_-{
i i

b

T B! 5 b 1
1
W, \W H™
-
ut

.| 5
\\H,
‘x ~ : "
o

See: F. Kruger, J. Matias PR D71(2005);
J.Matias et al, JHEP, 1204:104,2012

@ =4.9+09GeV?/c

In agreement with SM! J

—

——




Angular analysis B—=K*uu —

= The decay is described by 3 angles (01,0k,¢) and the g dimuon mass squared

a Reduced expression of the angular distribution after ¢ folding:

d‘r
Fyp cos? 0y + Z(l — F)(1 —cos?0x) +

S5(1 — cos? Ok ) (1 — cos? 0;) cos 26 +
pt
éAFB(I — cos?fx)cosf, +

3

1 9
I'dcos 6, d cos Ok dd dg? 167 | — K-
Fpcos?fx(2cos?f, — 1) + 0
— r
1
Z(l —Fr)(1- cos®Ox)(2cos® 0, — 1) + \R 50 ‘m

Agm(1 — cos? 0x) (1 — cos? 0;) sin 2¢ ] \
= Analysis:
s BDT to suppress combinatorial bkg s ~900 candidates
& Veto dimuon resonances J/y, y(2S) a 3D fit in the angles (in bis g?)
= Remove peaking background due to swap m [, the longitudinal polarization of K*

or misid, B—J/yK*, Bs—@(KK
a diLsul, 8 Aprg, the forward/backwark dimuon asymmetry

Acceptance function from simulation but
cross-checked with B—J/yK* 40




Angular analysis B—=K*uu —

Differential B vs 9> Fr
Theory Binned Theory HEEBinned
—e—HCb —¢~LHCb
o Wby - LA R R R A A I R R R R R
> ' ]
3 LHCb LHCb
<, i
X 1 . ]
M~
o - | i
5 oof ] -% ;
Q| —t— ] :
© - - -
0 N T T T 0 P B B B
0 5 10 15 20 0 5 10 15 20
% [GeV?/c] 92 [GeV¥/c*]

Theory EEBinned
AFB ; —e—_HCb

— # _ In agreement with SM! J

——

LHCDb

N PP
10 15 20
G2 [GeV?/cY 41




Angular analysis B—=K*uu _

# Angular analysis with new observables:

Si=4,573

. : ] Picsson = VL1 - F)
m §; are functions of Wilson coefficients and form-factors L L

= P’ observables reduce hadron form-factors uncertainties, are complementary!

m using SM predictions [Descotes-Genon et al. JHEP 05 (2013) 137]
g

1 d*r _ 9 [3/1 _ 2 2 . 2
IT7da% doos b ddZ — Fom 1(1 — Fp)sin® 0 + Fy, cos” O — F, cos” O cos 20,

+ i(l —FL)sin2 0k cos 20, + S5 sin? O sin? 6, cos 2¢ \\ i
+ 5S4 8in 20 i sin 260, cos ¢ + S5 sin 20 sin 0y cos ¢ + Sg sin? O cos Oy \ \\
+ S- sin 20 sin 0 sin ¢ + Ss sin 205 sin 20, sin ¢ + Sy sin? O sin? 0, sin 2¢] =

= Analysis:

& mass from control channel and bkg

. ] .
BDT to suppress combinatorial bkg distributions from upper side bands

HNeto I Annon resonances iy i 2%) 8 Fit to the mass and angular distributions

® Veto peaking background due to swap or mis-id: after unfolding ¢

B—J/yK*, Bs—¢p(KK)
Y aia & main systematic: background distributions,
m  Acceptance function from simulation, but cross- acceptance function and S-wave contribution
checked with B—J/yK* 42
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new angular analysis B—=K*uu

B SM Predictions LHCb )
— —+— Data —

0 5 10 15 20

0 5 10 15 20

q2 [GeV?¥c4]

L o8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

In agreement with SM:

arXiv:1308.1707/1fb-

I10I - I15I - I20
q? [GeV¥c?]




new angular analysis B‘*K*HH arXiv:1308.1707/1fb-1

< og-  LHCb .. -

SM Predictions

0.6 -
0.4 —+— Data —
0.2

0_ D o | e— ) — — i e——— ) — | —  m— 0 — —

-0.2|- —+— —

0.4 —

|

-0.8} —
—— e P T T T
0 5 10 15 20

g2 [GeV¥/c*] ‘
o SM
|
except 1 (at 370)! i

= if all bins independent, the probability of have such deviation or greater 1s 0.5%
= it will imply a smaller value of Co,C7 with respect SM

= further theoretical and more data studies are needed to clarify the picture




ISOSpiIl Aﬂ&lYSiS B%K(*)Ll]vl JHEP 07 (2012) 133/1fb-1

A Isospin asymmetry; See: T.Feldmann and J.Matias,

JHEP, 01 (2002) 074
u+
r(5° u7) = T(B* = KO ) _
T (*)0 + + O+t = y/Z°
T(B —>K ptu)+ 0(BT— K®+utu) c
B(B®— K"utu™) — BB(BY— K&t utyr)
~ B(B°— K(Pputp~) + BB K Orpt Ty W_
BO/+ K0/+(')
= SM prediction 1s close to zero d/u d/u

= Measured by BaBar, Belle and CDF. Babar measurement of B with
some tension (3.96)!

m SM B predictions suffer from hadron form factors uncertainties

m Measured Differential B:

m Use as normalization channel




Isospin Analysis B—=K®upu —

Theory MM Binned theory —e-Data
———

Theory MM Binned theory —e-Data
L L

& ] & T3
- — * _ ]
> O B’ - K'utu LHCb 1 % B = K™utu LHCb
@) ] @) =
T 4 = N ;
Q . Q -
o 3 1 = 3
Sk 1 S E
S 1 & E
Z IF = 3 =
0F - E
_1 - 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 : 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I E
0 5 10 15 20 25 5 10 15 20
Differential B g [GeV¥cH g [GeV¥c4]
Theory -e-Data

e 77— 1T ] - —r T T T T
< - 1 < A E
N LHCb S B—=Kuu LHCb =
05F - E
e ) E =
_1'5 —l lI l 1 l 1 1 1 l 1 1 1 1 l 1 1 1 l__ 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I g
0 5 10 15 20 25 70 5 10 15 20
¢ [GeVZ/c] Isospin Asimmetry e [GeVZ/cH]

. !

) 40! with SM!

'f)eviaﬂo‘ﬂﬁom 0 at 44 In agreemen’f ;
casurements:

' |
but cﬁﬁcicuft to interpret!

and with previous M
46




= SM prediction (FCNC, helicity suppressed)

s SM B(Bs—uu) = (3.56+0.30) 1079 arXiv:1208.0934

arXiv:1303.3820

s SM B(B—up) = (1.07+£0.10) 1071°

= Branching Ratio very sensitive to NP

® Analysis:

s BTD to suppress combinatorial bkg (bb—Xpupu)
s Use PID to reduce peaking background and study of specific peaking backgrounds
s Discrimination in 2D space:
s BDT (kinematical & geometrical variables) & mass
= Normalize to B*—J/yK*

= [Jse CLs method to set a limit and a unbinned maximum likelihood fit to obtain B
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Update of B)—uu with 3fb AL (2019 018051

9 A multivariate discriminant BDT:

PDF

kinematical and geometrical variables

signal uniformly distributed [0,1]
trained with MC

estimated with data:

2 = _
o_I_I'I'I'I1TI'| |||||I'I'I'| ||||||I'I'| ||||||I'q LN LU

—
<
W

[—
<
N

signal B—hh trigger unbias
background: Bs—puu sidebands

. 3

—O0— ?'

—O—

—O— .

—O— E

LHCb —— :
m Signal —<:>_

O Background

0.2 0.4I | 0.6 0.8
BDT

¥ Mass:

signal: CB shape

Candidates / (10 MeV/c?)

48

central values B—hh fit

resolution: interpolation between
u resonances Jiy, ¥(2S), Y(15,25,3S)

o(Bs) =23.2+0.4 MeV/c2
o(B) =22.8+0.4 MeV/c?

a> r T T T ]
S 400 | LHCb
[}
= C ]
= P -
Q300 -
8 5 .
S 200F i
el I~ .
] L ]
@] - i
100 = / \\ -
10° 50010 _ M .

L 1
LHCb LHCb
400F 3

00 10000 10500 11000
E My [MeV/c?]

19 1
3050 3100 3150 3600 3650 3700 3750
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Update of Bs)—pu with 3tb™ mggs (2013) 101805/3fb"

§ mass vs BDT data
5; 5800

. = 5600
SM expectation: £
5400
49+4 B, 45404 B —— Tull PDF
5200 B?s) S hth'—

s By o1 (K
cimn BOGH Ly 000t
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Um Of B(s)ﬁw With %-_1

Candidates / (44 MeV/c?)

—_
@)}

Full PDF

& E
14 " . Combiﬁatlz)rial LHCb :
12f = Bl BDT>0.7 3

[ & =v=mn Bl = 1 (K7 )uty, -
10 5 BE’()” N 7r0(+)ufu_ 3 fb! _:

32 3
6F =
4. | .

T s ;

2 - S - " “I —
O il "-- """~ ,'""",,jlz:" T . T T T ]
5000 5500
m.,- [MeV/c?]
B(B(s)) measurements
B(BY — ptu™) = (29X 5(stat) T3 (syst)) x 1077,
B(B® — utpu~) = (3.715 ] (stat) £5 4 (syst)) x 1071

o1

CL

107!

102

50

LHCb
3fh

R S S R S S R R
B(B’ - ) [107]
B limits
90 % CL 95 % CL
Exp. bkg %5 10 (e
Exp. bkg+SM 4.5 x 10710 5.4 x 10710
Observed 6.3 x 10710 74 x10°10




Bs)—uu combination with CMS

+ Combination with latest CMS result

BB e (36 e < 0T

B(BY — ptu™) = (29£0.7) x 1077,

)

LHCb 3fb™' — LHCb 3fb™' |
i sm B sm
CMS 25fb " [+ CMS 25fb"' |-
CMS+LHCb CMS+LHCb
preliminary [ preliminary |
PRSI IS [T N ST W N ST S WU | T T T T N T T T S N S S S T N NS SRS | (RS | SRV S Y AN TN T TN T [N TN T TN SN (NN TN TN S S [ S SO Y
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

B(B— W) [10”]

# strong constraint to models beyond SM

B(B"— i) [107]

Frqm D. Stragb, arXiv:1205.6094

MSSM-LL




D—pup

m SM: FCNC suppression driven
by GIM mechanism

= SM B(D—pu): 1073-107

= NP models can enhance B (R
parity violating MSSM)

Candidates / (0.5 MeV/c?)

® Analysis:
a Use D**—-Do%(up)m*
= 0D fit to m(D?), Am(D**-DY)

a Background: combinatorial, D—nn

Candidates / (10 MeV/c?)

m Normalize to Ds—@(up)m

B(D? — put ™) <6.2(7.6) x 1077 at90% (95%) CL.
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Conclusions
< LHC and LHCb performing beautifully

« LHCDb has a rich Physics program:

m Direct CP violation B)—hh

v = (67 £ 12)° at 68% CL.

= vy angle via trees: B—=DK

a B.—D oscillations Amg = 17.768 £ 0.023 (stat) £ 0.006 (syst) ps~',

® ¢ angle: Bs—=J/yp¢

¢, = 0.01 = 0.07(stat) = 0.01(syst) rad,

® Do mixing!

18 :
s B—K*up angular analysis @ =49+09CV2/c* .

= new observables! (one bin in 24 shows discrepancy)

= thomall s il Gl st SR BUBY - 4 = (2.9 b (stat) b 3syst) x 107, |
4 Everything in agreement with SM, no NP found (yet)! B(B® — ptp~) < 7.4 x 10710
® Stringent constraints in models that extend the SM ey
) ith SM!
= Now looking for NP smallish effects... in agreement ¥ J
ANEN ) but more t0 come!
® Most analysis with 3fb expected by first half 2014
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LHCb Upgrade

« Current limitation: trigger in hadronic channels!

« Upgrade LHCb:
= Trigger (40 MHz), Velo, Tracking

Trigger yield (Arb.unit)

# Current (~2 tb*/year): Upgrade 50 tb* (5x) data

2.5 =

=y

0.5

Already

05 1

75 2 25 3 35 4 45 .
Luminosity (10’2crn'§s"3

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb~1")  uncertainty
B" mixing 28, (B = JJ @) 0.10 [138] 0.025 0.008 ~ 0.003
28 (BY — Jh fo(980)) 0.17 [214] 0.045 0.014 ~ 0.01
al, 6.4 x 1072 [43] 0.6 %107 02x107* 0.03x107*
Gluonie 268 (BY — ¢9) - 0.17 0.03 0.02
penguins 28 (BY — KOK*) — 0.13 0.02 < 0.02
23°F(BY — ¢K?) 0.17 [43] 0.30 0.05 0.02
Right-handed 23T (BY — &) ~ 0.09 0.02 < 0.01
currents 5 BY — ¢7) /750 - 5% 1% 0.2%
Electroweak  S3(B” — K*%u*pu=:;1 < ¢° < 6 GeV?/c?) 0.08 [67] 0.025 0.008 0.02
penguins so App(B? — K*%utp™) 25% [67] 6% 2% 7%
A(Kptp—;1 < ¢* < 6GeV?/ct) 0.25 [76] 0.08 0.025 ~ 0.02
B(B* — ntutp~)/B(BY — Ktp*tp~) 25 % [85] 8% 2.5% ~10%
Higgs BB — ptu) 1.5 x 1077 [13] 0.5x1077 015x107° 0.3 x 107
penguins B(B" — ptu~)/B(BY = ptu) - ~ 100 % ~ 35% ~5%
Unitarity v (B — DWK®) ~ 10-12° [244,258] 4° 0.9° negligible
triangle v (BY = D,K) — 11° 2.0° negligible
angles B (B — Jh KY) 0.8° [43] 0.6° 0.2° negligible
Charm Ar 23x107°[43] 040 x 1073 0.07 x 1073 -
CP violation AAcp 2.1 x 1073 [18]  0.65 x 10~* 0.12 x 1073 -
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{ Direct CP - B(s)%hh PRL 100 221601 (2013)/1fb"

+® Charge Asymmetry: N(B — f) —

)

ACh — f
+ selection: d — f)

® D distance/o>2 to reduce bkg

s Calibration Rich D*+—D(Km)mt+ kinematically osp- ® LHED

selected; reweighted to B(s) phase-space
+ Mass PDFs:

°
>

0.2

Raw asymmetry

= signal: 2Gauss + tails, comb: exponential, x-feed (MC), o
partial B—Xhh (feno) 3

Qob el by b b b
0 0.05 0.1 0.15 0.2 025 03 035

# Detector and production asymmetries (¢t} modle (2ajAm) fps]

= detector: using D*+—D(Kst,KK)7t+, Acp(KK) external A28 = Km) = LupAp(Km) + kaAp(B,).

® production: amplitude of oscillation Az (K7) — AL (KK) = A% (K) — Acp(KK).

+ Systematic:

s B (det. Asymm), Bs (signal model, comb bkg) A (1) = Acp + Ap + Ap cos(Amg1);
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{ Direct CP Bt—K*h*h-

# Charge Asymmetry:

PRL 100 221601 (2013)/1fb-1

@ selection:

VAU SE WS ED TN RESK SN M RES S S5

s D distance/o>2 to reduce bkg, exclude D mass region

s Calibration Rich D*+—D(Km)n+ kinematically
selected; reweighted to B(s) phase-space

& Mass PDFs:

® signal: 2Gauss + tails, comb: exponential, partial
B—Xhhhh (feno)

# Detector and production asymmetries

® Only for Kand B

Acp

= Araw

_AA, AA ZAD(Ki) +AP(Bi)

& use B*—J/pK*, Ace(J/wK) word average

+ Systematic:

® trigger asymmetries (trigger response to K, diff
decisions) and phase-space acceptance corrections (det
eff data/MC)

AA T Araw(J/‘ﬁK) T ACP(J/lpK);




: |
Direct CP B*—~K+h*h" s
@ Direct CP in B*—=K*n*m-, Bt—=K*K*K-

OO TP T r X107

o 4-5 I LA I LA I LI I LA I L i I I LI I I I LU I LELEELEL I LELELEL I rrri I LI
N\; 4 —model C 2.5 ' (b) —model ]
(qD) 3.5 """ Bi —> Kin”n:_ % E ..... Bi N KiK+K_
= = combinatorial - 3 2 _ combinatorial ]
S5 F 1 o Bodbedy S T B - 4-body
=y : = 1.5}
215 8 1}
:-9 1 E < B
g 1
SOSf A 7 42 0~
5:H+52+1 5354 G5.\5]/ 25.1 5.2+5:3++54 G5.\5]/ | =l 5 2 573 5 RGN BEG DREE C
My [GeV/c?] Myrin [GeV/c?] M- [GeV/ C2] My [GeV/ C2]
40 ~ 0.8
35001327 s !0.7 20119+164  40F cl s _IO-S
35F 3 0.6 u BN 3 f
- (a) LHCb © 400 E % 500 . 0.4
30 :—( ) g Hoa *F (b) LHCb S0 o o3
M £ 200 B3 L 30f 3 J00F oo
£ ot T £ Ho
% 25 E ll‘ | & 0 01 % 25 :_ -g 100E :_V_V_VIV_V.V.V.V‘V-VLV -
<} 20‘_“ 0 Ho <) - o0 52 25 L
w —-0.1 = 20 2 [GeVYel] P
o 15F 02 8 F - ek
- 0.3 M 15 — ]
10 -0.4 s c -0.2
- F -0.5 10 — 0.3
SE . -0.6 o — -0.
- L -0.7 5F 0.4
0:| -'-!——:—r_—.:t—— Lol iut, 11408 c % ¢
_I 1 I 1 1 I 11 I 1 1 1 I 11 1 I 11 1 I 11 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 r .
P > 1P 15[G \2](2)/ n 234 00 2 4 6 8 10 12 14 16 18 20 22
My [GeVie M 1ow [GEV Y]
Acp(B* = K=7" 7)) =10.032 £ 0.008 = 0.004 = 0.007, 2.80
Acp(B= = K*KTK~) = —0.043 = 0.009 = 0.003 = 0.007, 57 3.70




Y- B‘*D(hh) K PLB 712 (2012) 203/1fb-"

+ GWL/ADS analysis with B+—=D(hh)K* (h=K*,71%)
s GWL D—KK,nn
= ADS B*—D(m*K*)K* (suppressed), B*—D(K*n*)K*(favoured)
s B*—=D(K*n*)n* control sample (and reduced sensitivity)

# Observables: ratios and asymmetries

T I'B~ = [flpK™)+ I'(B* = [flpK™T) yrim| I'(B~ = [flph™) = '(BT = [flph1) o '(B* > [JT:I:K:F]Dhi)-
K= DB~ — [flon )+ BT > [flor®)’| | " (B —[floh")+ (BT~ [flph™)’ " I(B* — [KETF]ph*)
ratio K/m Asymmetry -/+ Ratio suppressed/favoured

@ Selection:

= mass D (25 MeV), D distance/o, and BDT (B,D,tracks, isolation,...), trained MC
= PID: DLL(K-m) separation, veto if mass in J/y, p(2S)

= ADS modes suffers x-feed K<=n from favoured decays!

m efficiency of PID calibrated using D**—D(Kn*)n* and B*—D(K*n¥)n* phase-space




Events/ (10 MeV/c?)

y: B—=D(Kmnmm)K

@ ADS modes:

m favoured: B*—=D(K*n*n*m)h*, suppressed B*—D(n*K¥n*m)h*

@ Observables

RIGT.E _ I'(B* — [n*KFTxtm~]1ph?)

h 7 (Bt - [KixFr+m—1phE)]

ratio suppressed/favoured

K3m,£ _ (. h\2 K37 h 1<3n K3
RIO™E = (h)° + (™) + 2rlr
0.20
rk3m ~ 0.06 Kp" =033703

cos(8f + 8537 £ y).

$K37T = (11412%)°

LHCb

& B = Kn'n] K

LHCb  _

B'=[n'Kn'n] K*

L —

ﬁl |

Wil

5200 54()() 5600 5800 5200
Mode B~ Bt
[Kemmlpm 20,791 + 232 21,054 £ 235
[Krmm]pK 1567 £ 57 1660 + 60
[TKrmlpm 87 £ 11 68 + 10
[TKrm]pK 11 +5 29+7

5400 T

5600

59

B'=[t'K'r ],

LHCb 7

m(Dh") [MeV/c]

RK37T

R§§3n’,— + RK37t,+

ADS(K) =

2 i —0.0124 & 0.0027, ‘

RK37T

R§371 +RK37T 5

ADS() =

2 =0.0037 £ 0.0004, |

|rB =0.097 £0.011 [68. 3/CL]|




Charm: CP direct D—hh _

s D° reconstructed in large number at LHCb! (350 M/1fb-1) Gcc ~ 20 Obp!

= prompt and secondary charm production b—c _ ND°— f)—NMD°— f)
TN — f)+ N(D° — f)’

8 Direct CP (f=K'K*,5t*70)

s DOtag: prompt: s charge: D**—D°n*s, secondary: p charge: B—DoXuv
s sample divided TOS/TIS for different kinematics, magnet up/down

® cancelation of production and detector asymmetries in the difference!

Araw(f) = Acp(f) + Ap(f) + Ap(r) + Ap(D*).

DO— K+K- ~2.2M/fb-1 DO—- 1+ ~0.6M /1fb-1
ot RS = S AN 1| Adep = Arn(KTKY) = Arg(n77).
~120000F- :."" 3 E 5000 - FA 3
SO 1 Sawk / \ 3 :
gzzzzé_ _ 53000— / "'!\ 3 a Comblned:
g 5000:— ! : g 200F ,"J »‘\ E
! S S I e S S~ AAcp = (—0.34+£0.15 + 0.10)%, |
1820 1840 1860 188(_) 1900 1%20 1840 1860 1880 1900
m(K'K*) (MeV/c?) m(rt) (MeV/c?)
) jolation!
prompt | | AAcp = (—0.34 £ 0.15 (stat.) £ 0.10 (syst.)) % ~No evidence 05 CM
semilept. | AAcp = (40.49 + 0.30 (stat.) £ 0.14 (syst.)) % ———
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CP B*—K*uyu, B—K*uu |
y i PRL 110 2013) 001801101
= Use control channels to eliminate production and detection
asymmetries
(BT = Kjptp—) 5 T(BT = K ur)

acan ['(B- — K—ptp~) + (B —» K+utpu~)’ i

L PB = K0 ™) =T (B = K )
FB°— Ku*u™)+T(B° - Ku*u™)

Araw(BT = Kt ptp™) = Acp(BT — K+t p™) + Ap + Ap, ‘ARAW S ACP it K,;le 1 jle,
Acp(BT = Ktptp™) = Araw(BY — KTt ™) — Araw (BT = JW K ) + Acp(BT — JWHK ™). ﬂcp = ﬂRAw(BO =2 K*OM+ /.L_) = .ARAw(BO —’J/lpK*O)

Acp = 0.000 £ 0.033 (stat.) = 0.005 (syst.) £0.007 (JW K™, || Acp(B°— K*Outp™) = —0.072 =+ 0.040 = 0.005.
Q L T T T I I I 1 Q.4 T
< B LHCb ] < ]
0.1 } I —d - 0.1 =
O:—— _____ ___l?__ —-—————-E OE 1 E
- 2 -0.1 B
0.1 = i
- ] 02 ]
0.2 - ]
N 7 0.3 -]
P I T WO T (SN NN SO TN [N NN NN T S S R | ] P ]
0 S 10 15 20 0 5 10 15 20
¢* [GeV?/ ] g2 [GeV¥cH]
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B)—ue

@ LFV process, sensible to NP, (i.e. leptoquarks)

«# similar strategy to Bs—pup

m normalization and control channel B—hh’

BY — e* T Expected 1.5 x 1078 1.8 x 1078
Observed 1.1 x 107® 1.4 x 1078

B° — e*uT Expected 3.8 x 107% 4.8 x 107°
Observed 2.8 x 1079 3.7 x 107°

2 1 7 ' —
;: E o LHCb ;
i - — 6000 —
@ 107! _—T——-— s ol = RS . | .
W - E 5 . LHCb -
[ —0O— ] 9 .
102 —O— = E s :
- B PR A
3L '_<I>—<{>—‘ _ -
10 = = Signal %% —<F—§ . o . -
- O Background - o o ° o A
10-4 I L L L 1 R VS e T O @ Y T . [ @ . """ N
0 0.5 1 &_; ans & .~ .. ® .o.o.. .' : ° o
BDT e A e, “ ° .
5 ) L B e | e e
0 0.2 04 0.6 0.8 1
BDT
Mode Limit 90% C.L. 95% C.L.

myg(Bs — etp—)

[ )
g

miq(Bs — ety
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> 107(101) TeV//c? @ 90(95)%CL,
> 135(126) TeV//c? @ 90(95)%CL




Candidates / (10 MeV/c?)

T—>Uup | PBTAE LT

« LFV process, sensible to NP,
« similar strategy to Bs—puu
® discrimination using BDT, mass and PID

m combinatorial background bb—puX, cc—puX, Ds—n(uuy)uv

= normalization and control channel: D s—¢@(up)s

SF Mooy € 065,10 3 expected 90(95) % C.L:
55_ (a) Mp1D ye [0.725, 1.0] LLHCb _E
45_ 3 2] €SN Py 2 I O ) D 2
e T E observed:
2F + 4 i E
| B(t— = p utp™) < 8.0 (9.8) x 1075, |

I T L
o) 2 S PR Y B T L LN B VL RS N BN R L 1 )

) imits!
1600 1700 1510& - [1131(;0\] . ayyYO“Cﬁmg Belle [imi

B(r~ — p—ptp~) < 2.1 x 1078 at 90%
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\

Introduction

LHCDb searches for NP in FCNC with B (and D) decays, new ¢
particles can enter in the loops and modify the SM prediction

on some observables!
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\

® Some FCNC processes have precise SM prediction

® Branching fractions and angular dependence

% Luck of NP
8 constrains models beyond SM, set higher energy scale for NP

® In a model independent interpretation, constrains Wilson ceefficients




Rare Decays Analysis

# Very rare decays
& B)— U [3fb/arXiv:1307.5024]
& D—p [0.9fb/arXiv:1305.5050]
A Ks— U [1fb/arXiv:1209.4029]
& B—4U [1fb!/arXiv:1303.1092]
& B*—mtuu [1fb/arXiv:1210.2645]
# Angular an isospin analysis

= B eK*pl,l [1fb!/arXiv:1308.1707]
[1fb*/arXiv:1304.6325]

- Ab%Ap.},l [1fb/arXiv:1306.2577]
A Bseqﬁuu [1fb/arXiv:1305.2168]
2 B%K(*)uu [1fb!/arXiv:1205.3422]

8 (4160) [3fb/arXiv:1307.7595]

* CP Asymmetries

8 BoK*up [1fb/arXiv:1210.4492]

8 BT KT [11b!/arXiv:1308.1340]

@ No SM processes

& BT XU [0.41fb!/arXiv:1201.5600]
& B) —pe [1fb1/arXiv:1307.4889]

8 T3, TPUUY [1b/arXiv:1304.4518]

% Radiative decays

a8 B>K*y,Bs— ¢y [11b1/arXiv:1202.6267]
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LHCDb detector

« LHCb detector
= single-arm spectrometer (2<n<5)

= B, Bs, Bf,D,Ap, ... produced at LHCb

EcaL HEAL Ma MS
SPD/PS M3

RICH2 My M2
e

g

= trigger on muons, electrons, hadrons with
“IOW” PT

a efficiency on dimuon channels ~90%

= precise vertex (IP ~20 um at high Pr)

= excellent momentum resolution Ap/p = 0.5 %

= good particle ID (>97% p-eff, 1-3% mis-I1I™

+ LHCb operation

m “beautifully”
m operating @ 2 nominal luminosity

= [ntegrated luminosity 3 fb-!
s 2fb! 8 TeV, 1 b7 TeV)
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A new resonance in B*—=K uu l

$(3370) P(4160)

| LHCb

— :
e data

total - ,

aifcance!

----------- nonresonant 60 518"9%“
------ interference
--- TESONances -
background

150

100f

Candidates / (25 MeV/c?)
=

01:'. ” "'...'-'-'.'.'-'-','""" ' | \"".'.."""""'",‘""":“"",'""": * Mass [MeV/c2] 4191 J_Fg
3800 4000 4200 4400 4600 Width [MeV/ 02] 65 i—%é

2
m,.- [MeV/c?]

# A resonance structure at high g?
+ Consistent with yp(4160) measured by BES
+ Contribute to 20% of the total signal at high g?

= much larger than theoretical estimations
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