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Strategy for NP search at LHCb

* Measure rare processes.
— Measure FCNC transitions, where New Physics is more
likely to emerge, and compare results to SM predictions.
 Measure CP symmetry violation to improve
measurement precision of CKM elements.

— Extract CKM-UT angles and sides in many different ways:
any inconsistency will be a sign of New Physics.

— Compare measurements of same quantity, which may or
may not be sensitive to NP: e. g. NP-free determinations
of CKM-UT angle y to be compared to y from loop.



b and ¢ hadrons production at LHC

The beauty cross-sections given by PYTHIA (PYTHIA8 and CTEQ6 NLO) are:
251.8 ubat 7 TeV;, 291.6 pubat8TeV; 527.3 pbat14TeV.
LHCb measurement in the acceptance, at 7 TeV:

o(pp—>bbX) =(75.3 £ 5.4 £13.0) ub, PLB 694 (2010) 209,
corresponding to o(pp—>bbX),,, = 284+20149 ub.
0,,.~ 60 mb and o_= 6 mb.
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The LHCb detector

Experiment optimized for B physics requires:

LHCb performance:
e Decay time resolution At: 30-50 fs

* Precision tracking and vertexing (mass, proper time). ||« Ap/p=0.35-0.55%, 1< p < 100 Gev/c
* Excellent particle identification: e, y, i, M, K, p e Am =10-20 MeV/c?
» Efficient trigger for hadronic and leptonic modes. e MUON ID:

g(pu/p) = 95%, mis-ID g(rt/pu) ~ 1%
* RICH ID rt/K:
g(K/K) = 95%, mis-ID g(rt/K) ~ 10%
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Trigger architecture

40 MHz

Pileup
PS, SPD, ECAL, HCAL
Muon

Level-0
p;of h u ey

1 MHz

All detectors information

HLT

tracking and vertexing
p; and impact parameter cuts

inclusive/exclusive selections
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Running Conditions

Recorded instantaneous luminosity

Instantaneous luminosity leveling
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Leveling is obtained through vertical
beam displacements.
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LHC Fill Number

LHCb luminosity per fill typically
3-4 x103? cm™2s7t

The average instantaneous <L> is a factor 2. above the design value !

2011 integrated luminosity of 1.1 fb!
101> x 75.3 x 107 ~ 10*! beauty.

Target of 1.5 fb! recorded in 2012

[ FULLY ON: 90.7 (%)
[ HV: 0.5 (%)

[ VELO Safety: 0.9 (%)
I DAQ: 4.0 (%)
Il DeadTime: 3.8 (%)

91% data-taking efficiency 6



B+9 T[+H+H_
The rarest B decay ever observed

Itisa b — d pu*u flavour changing neutral current process.
b — d p*uris suppressed by a factor |V,,/V,.| relative to b— s p*u:
This suppression does not necessarily apply to NP beyond the SM.

The predicted SM branching fraction B(B*2>m*pu*p” )y, = (1.9610.21)x108
Communications in Theoretical Physics 50 (2008) 696

The best published limit is B(B* 21~ ) < 6.9x1078 at 90% C.L. by Belle full dataset.
Phys. Rev. D78 (2008) 011101, arXiv:0804.3656

21 + 3 B*— t*utu events expected in 1.0 fb!, given the SM prediction.

A signal yield of 25.3 *¢7__ ,is extracted from the fit,
corresponding to a 5.20 observation.

The LHCb measurement: AS ?Z LHCb
(2.4 £ 0.6 (stat) £ 0.2 (syst))x10~8 E’ 16} Preliminary o
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B,~ K*(K*rv)uru

ltisab — s u"u” FCNC process, with a vector in the final
state: a reach phenomenology.

The decay can be described by three angles

(6,,6,,9) and by the squared di-muon invariant mass (g?).

Angular observables in this decay have been previously
measured by BaBar, Belle, CDF.

The LHCb fit of the differential amplitude, in the angles
and in bins of g?, allow to access:

F, , the longitudinal polarization of the K*

(1fb™)

o
|~ "+
v
W= W
b s

ufeft

a

2y e
™

ufc/t
e
b, | s

W-

Ag; of the leptonic system
d'r B
dcosfydcosfx dpdg? 167

T-odd CP A, asymmetry %
The transverse asymmetry
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B,~ K*(K*rv)u*u~ signal selection

The K u*u~ versus ptu” invariant mass distribution for candidates in the data sample.

800-¢T0C-ANOI-9OH1

{b\ LHCb Rrellmlnar ¢® (GeV?/c*) range | Signal Yield | Background Yield
N _ dm? < ¢* <2.00 | 16244142 27.7+3.8
§ o 2.00 < ¢% < 4.30 71.4 +£10.7 37.1+4.1
= === e 430 < > <868 | 270.5+ 188 58.8 £5.5
E§ 10.09 < ¢% < 12.90 | 167.0 +14.9 41.7+45
14.18 < ¢ < 16.00 | 113.0+11.7 17.1+3.0
16.00 < ¢ < 19.00 | 115.0+124 239436
1.00 < ¢> <6.00 | 1952+16.9 75.8 £ 6.0

4m? < ¢® < 19.00 | 900.0 & 34.4 206.2 + 10.3

0 L A A i i A A i A i
5000 5200 5400 5600 9800  The signal and background yields resulting
My (MeV/c) . R )
nu from a fit to the K*mt"u* ™ invariant mass
The red lines limit the cc-bar resonance distributions of the candidates in the six
regions that are removed in the analysis. q2-bins used in the analysis.

The black lines indicate a +50MeV/c? window
around the reconstructed B, mass.

The BDT selection uses information about the kinematic properties of B meson, BY
vertex quality, track quality, impact parameter and Particle Identification (PID) of the
kaon, the pion and the muons. 9



dBF/dg? [107 x c*/GeV?]

B,2 K*(K*rU)u*u results
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A, zero crossing point B2 K*(K*rutu-
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point observed in the data.

The SM predictions for g%, is the range: 4.0 - 4.3 GeV?/c*

The LHCb results is: g%, = (4.9*11_, ;) GeV?/c*

Measurements:

68% confidence interval on the zero-crossing

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

BaBar: S.Akar Lake Louise (2012)
Belle: Phys.Rev.Lett. 103, 171801 (2009)
CDF :Phys. Rev. Lett. 108, 081807 (2012)

Results are in good agreement with Standard Model predictions.

11




B,y 2 LW (1fb™)

Very rare in Standard Model, due to the absence of tree-level FCNC,
helicity suppression, CKM suppression:
BR.\; (Bs>ptw)= (3.2 £0.2)x107°

BR.\, (By~>uw)=(0.10 £ 0.01)x107°

Buras et al., JHEP 10 (2010) 009
E.Gamiz et al. Phys. Rev. D 80 (2009) 104503

The SM BRs can be enhanced in NP models.

B) 2 KWW decays are relatively easy to trigger and reconstruct.
The main issue for the analysis is the background rejection.

Classification of events in 2D space:

Invariant di-muon mass of high quality muon tracks and Boosted
Decision Tree (BDT) multivariate discriminant on kinematics and
topology variables.

Control channels used for the expectation for signal and background.
12
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Probability

BDT selection

BDT trained using MC simulated samples of B, = p*p and bb — p*u X background.
Signal distribution taken from data using B, = h*h”.
Background distribution from the sidebands of the pu invariant mass distribution in

the B, mass window.
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B.-u"U candidate ?

Tracks shown for pT > 0.5 GeV/c

m(pp) = 5.374 GeV/c?
pr(u) =23 GeV/e
pr(w) =3.5GeV/c

BDT =0.92
Decay length = 11.5 mm
Proper time = 3.5 ps

Primary vertex ‘@

Expected ~10 B, pp events per fb-1

15
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LHCb-PAPER-2012-007
arXiv:1203.4493

B 7KW

Branching fraction normalization:

BR

0
Bs —un

LHCb measurement of B fraction:

Three complementary normalization channels
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B> W implications

Complementarity of direct and indirect searches

CMSSM - tan p=50, A =0 allowed
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CMS exclusion limit with 4.4 fb!
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N. Mahmoudi at Moriond (2012) 18



B> W implications
Minimal Supersymmetric Standard Model for BR(B,—~>u*u!/BR(B;>ptp)
20
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David Straub, Rencontres de Moriond EW, La Thuile (2012) 19



Mixing-induced CPV in B, - J/d

B. - J/Yd is the counterpart of B - J/YKP°

We aim to measure ¢.: the phase difference between the
B. > J/Wd decay amplitudes with or without oscillation.

¢, possibly sensitive to New Physics contributions to B; mixing:

cbs = (¢s)s|\/| + (d)s)Np

V.V,
=-2arg| ——=% |=-0.036+0.002
(¢)SM g( Vv )

cs ' ch

* Important differences between B, and B cases:
AM. >> AM, : excellent proper time resolution to resolve oscillations.
Al's >> Al'd: access to cos(d,) in addition to sin(¢,)
B. - J/U KK final state is a mixture of CP-even and CP-odd eigenstates,
with 4 contributing amplitudes:
KK in P-wave state: final state is CP-odd or CP-even
KK in S-wave state: final state is CP-odd

GOOEE0 (TTOT) 8 A¥d ‘|e 1 sadeyd r
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B. = J/Y signals and resolutions

B, = J/¥d mass resolution
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B, - J/V® candidates:

* Requiret>0.3 ps
e 8 MeV/c2 mass resolution.
e 21200 signal events (1 fb™).

Proper time resolution

g
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3 LHCb Preliminary
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Time resolution

* Apply selection without decay length or
impact parameter cuts (trigger + offline)

e Calibrate per-event estimate of proper
time error from fit to prompt peak.

* 45 fs time resolution. 21



d*T(B? — J/ p)

B. > J/Ud decay rates

hi(t) = Npe et [ck cos(Amgt) + dy sin(Amgt)
+ap, cosh (%APst) + by, sinh (%Arst)]

¢, and d, get opposite signs for anti-meson

dt dQ

10
o Y h(t) fi(®)
k=1

k fk(O, 1/)) ‘P) Nk ak
1 | 2 cos?1) (1 — sin®f cos? ) |40(0)|2 1
2 | sin®4 (1 —sin® fsin® ¢) 14)(0)? 1
3 sin? ¢ sin” § |41 (0) 1
4 — sin® ¢ sin 26 sin ¢ |4)(0)AL(0)] 0
5| 2v2sin2¢sin?@sin2¢ | [Ag(0)A4;(0)] | cos(d) — do)
6| 1v2sin2¢ysin20cosg [|4(0)AL(0)| 0
7 2(1 — sin® f cos? ¢) |4s(0)? 1
8| 3v6sinysin®fsin2¢ | |A5(0)A4;(0)| 0
9| 1yBsinysin20cos¢ ||As(0)AL(0)]|sin(6, — Js)
10 | 3v/3cos (1 — sin® f cos? ¢) | [As(0)Ag(0) 0

10 parameters: ¢ T, Al, AMg 3 amplitudes and 3 strong phases

transversity basis

— oS ¢
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COS ¢g
—cos(d — 0)) sin g
— COS((s" — 60) cos ¢s
—cos(d — dp) sin ¢

CoS ¢

—sin(d) — ds) sin ¢

sin(d, — dg) cos ¢
—sin(dg — dg) sin @

sin(6 — o))
0

sin(&l - 50)
0
cos(d) — ds)
0
cos(dg — dg)

— sin ¢y
—cos(8 — J) cos ¢
cos(5" — 8p) sin ¢
—cos(d; — dg) cos ¢
— sin ¢
—sin(d) — ds) cos ¢
— s'm(&l — (55) sin ¢3
—sin(dp — ds) cos ¢

6osett00
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B, > I/ fits (1.0 fbl)

CP = +1: CP-even final state
CP =-1: CP-odd final state

S :J =0, S-wave CP-odd

B : combinatorial background

Similar to the K, K case.
First >50 observation of
non zero Al
CP=-1 state lives longer
than CP=+1 state.
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CPVin B, 2 J/bd

LHCb-CONF-2012-002

Fit of the tagged and the untagged rates as a function of B, mass,
proper time and angles.

Parameter | Vplue | Stat. | Syst.
Is [ps™'] | 0.6580 | 0.0054 | 0.0066
AT, [ps7!] | 0.116 | 0.018 | 0.006
|A; (0))* | 0.246 | 0.010 | 0.013
| 45(0)]2 0.523 | 0.007 | 0.024
Fg 0.022 | 0.012 | 0.007
0 [rad] 2.90 0.36 0.07
d) [rad] [2.81, 3.47] 0.13
d¢ [rad] 2.90 0.36 0.08
¢s [rad] | -0.001 | 0.101 | 0.027
d,setto 0

AM; constrained to LHCb measurement
AM, = (17.725 £ 0.041 + 0.026) ps*
LHCb-CONF-2011-050

".'_' 0.2 - | | | 1 -
(7} R LHCb =
R 0.18 - Preliminary — 68% CL 3
L.m 0.16 :_ 1Tl %% CL —:
< 0-14:_ v, e 95%CL—:

0.12 3 . -e=SM =
0.1f =
0.08F -
0.06F -
0.04F =
0.02F -
0 - 1 1 R | al -
-0.4 -0.2 0.2 04
¢, [rad]

¢. and Al are compatible with the SM prediction




B. > J/Y "

Mass window 775 < m(mmt) < 1550 MeV/c?

Angular analysis shows CP-fraction > 97.7% at 95% C.L.

¢, =-0.02+0.17+0.02

“Amplitude analysis to determine CP
content of J/mm”.
LHCb-PAPER-2012-005
arXiv:1204.5643

submitted to PRD

“Tagged time-dependent analysis

of J/Ymm”.

LHCb-PAPER-2012-006
arXiv:1205.0918

submitted to PLB

LHCb
Preliminary

£,(980)

f,(1370)
£,(1270)

e

Azmo i N N 1 i v v v 1 v v v v 1
E‘m 1 fb! LHCb > 800
1600 Preliminary E 700
~ 1400 < 600
0 ~
%1200 B B, = Jym % 500
G 1000 7421+105 signal evts o
BOOE .
600 -
a00F- 200
200E= iy : : 100
ol e A IR T 0
5300 5400 5500
Myt (MEV)

500 1000 1500 2000

m () (MeV)

Combined 1 fb!results of the B, - J/ULd and B, - J/yrt'm:
¢, =-0.002 + 0.083 +0.027 '
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CPVin B, 2 J/bd

Just for illustration purposes ...

g ¢ Standard Model ] Do 3 !
O'4|§ — 68%CL [] CDOF 10fb™
T o [] LHCb 03fb
= -1
02F [] LHCb 1fb
0.0 :::
:;.\\
_;::
0.2 F
-04 |
: 1 1 L L I 1 1 1 1 I l 1 1 1 I 1 L L 1 1 1 L I | |
-3 -2 -1 0 2

PRD 85 (2012) 032006
CDF note 10778

arXiv:1112.3183
LHCb-CONF-2012-002

LHCb result
with the 2011 dataset
corresponding to 1fb!

LHCb with 0.37 fb!
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Charmless two bodies b-hadron decays

W s
" b d,s
— -
u
W+/'< d3 g
b - - i
iU
> >

d,s d,s d,s d,s

Decay amplitudes from tree and penguin diagrams.
Tree-penguin interference allows to look for direct CPV.
Sensitive to V , so to the CKM-UT angle y.

New Physics possibly contributes to penguin loops.

27



Direct CPV in B> Kmt (0.32 fb1)

arXiv:1202.6251 (accepted by PRL) 13250 + 150 B> Kz

~.3000¢ <. 3000F
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S : :
& 2000 _
<1500} e et
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£1000;
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500" e

05——%52 54 56 58 0552 54 56 58

K*: invariant mass (GeV/c?) K=* invariant mass (GeV/c?)
Acp(B® = K) = —0.088 £ 0.011 (stat) £ 0.008 (syst) ‘ — BaBars 0107 + 0016 0t
— Belle: -0.069 + 0.014 + 0.007
* First observation of CP violation at ——  CDF:.0.086:+0.023+ 0,009
an hadrOn COIIider (> 60) — LHCb: -0.088 + 0.011+ 0.008
— HFAG Avg.: -0.087 = 0.008

015 01 005 0 005 o041 8



Direct CPV in B> 1K (0.32 fb?)

arXiv:1202.6251 (accepted by PRL) 314 £ 27 B,> 7K

—~ 400 —~ 400
S 350 LHCDb mE—)-e—p)| 3 350F LHCb
& 300 " WB=f)enBs)| & 300F
8§ 250 8§ 250}
S 200 S 2000 @ ) = Ky
g 190 g 150F "=~ Comb. bkg
> 100 2 1004+
501 "3 )
py S = Py e - .

5 52 54 56 58 5 52 54 56 58
K't invariant mass (GeV/c?) K=t invariant mass (GeV/c?)

Acp(BY — Km) =0.27 4+ 0.08 (stat) £ 0.02 (syst)

First evidence of CP violation in B, decays (3.30)

Acp(B, »7K)=0.39£0.15£0.08 CDF [Phys. Rev. Lett. 106 (2011) 181802]

0.25 +0.08 +£0.02 BaBar [arXiv:0807.4226]

0.55 £0.08 £0.05 Belle [PRL 98 (2007) 211801]
Assuming U-spin symmetry 29
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Annihilation topologies in B->h*h’”

LH (;I(?—CONF—2011—O42

~ 80
% [ L r
2 [ LHCb E 70 LHCb
S BF B2KK {4 Preliminary s F Preliminary
= E \5 \'s =7 TeV Data = 60:_ \'s =7 TeV Data
< 20 = F 0 ;
£ f £ S50p _—8B DTN
2 F + 2 aof &
w 15— w 40— BO% K
- N(B2>K*K’) = 13+6 =
10 / 0 N(B,2>m*'w) = 47+11
B> K 201 \ LL+<L U
5 -
10 ? o £ 26 ST Jr#
: NI : +H“+l+l i
0 S~ N ol
5 5. 53 54 55 56 57 58 % 51 52 53 54 55 56 57 58
Part. Recons. Bkgs. K*K' invariant mass (GeV/c®) T+ invariant mass (GeV/c?)

BR(B° — KTK™) = (0.13700 £ 0.07) x 107°

BR(BY — ntn™) = (0.981923 £ 0.11) x 107°

AYVNIWI3Yd

First observation of B,2>rt*rt decay with a significance of 5.30

BR(B" —K'K™)=0.135,0 x10° HFAG Average
BR(B, »n'n")=(0.57=0.150.10)x 10° CDF [arXiv:1111.0485v2]
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Time-dependent CPV B> it (0.69 fb?)

~ 5400 B°=> 1T Ac(t) = I'5_;(t) —Tpoys(t)  AFcos(Amt) + AP™ sin(Amt)

Iz ;) +Try(t) ~ cosh (&5t) — ART sinh (57¢)

% 1000
S LHCb dir
2 Preliminary Az o8| i '_
© 800 Ns=7TeV » 7| Belle %
% 600 7 D BaBar cl)—
>0 0.6 ///%7/////’ || LHCD preliminary 8
a0 [ /////% =
I 0.4} R
200'_ L NG}
- o
: | S
o 0.2 |
> 4 ~5.5~ 5& i ?é7eV/c§).8 8
> 0.5¢ 0_'
I*g 04F LHCb [
s Frimey Bt |
] § o2t 0258 06 04 02 0 02
€ 0.1 I AMiX
| OK > ~
e I <| A% =0.11+0.2140.03 Armicis the first
| o I S|amx = _0.56 +£0.17 +0.03 e‘é'de”cjigf e
“F = : : induce violation
R T T e el w dir  gAmixy _ _ _
I_ . & p(Azz, Azn 0.34. at an hadron collider
First time-dependent CP asymmetry plot of (3.20)

B°->x*m decay at a hadron collider
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Time-dependent CPV B~ K*K (0.69 fb?)

~7100 B,>K*K"

ey
(=]
(=]
o

Events / ( 8 MeV/c?
[+-]
3

2]
[=]
o

I3 LHCb
EO15t  preliminary
50_10_ \s=7TeV
©
3

IEO.OS:

o

I -0.05—

I -0.102—

-0.15—

I_0_20:....|‘...\..‘.|‘...|..‘.\ ........ \

First time-dependent CP asymmetry
plot of B, K*K" decay ever

1200

+

2 }

LHCb
Preliminary
\Ns=7TeV

0 0.05 0.1 0.15

|
02 025 03 035

Acp(t) =

I5_;(t) —Tp_ys(t) AF"cos(Amt) + AP™sin(Amt)

dir

Ip_;(t) +Tp_s(t)

cosh (%t) — A?F sinh (%t)

AKK 0.6F

0.4

D LHCb preliminary

p

-0.2:-

'016:2' — 0 02 04 06 08
x dir ARX
2{‘ AR =0.02 4+ 0.18 = 0.04
2 )
g e = 017+ 0.18 £ 0.05
2| p(ARK, ARK) = —0.10.

* First measurement ever of time-dependent
CP asymmetries of the B, K*K" decay

* No evidence of CP violation effect
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YV measurements

Probability density
g

§
T T L3 T T

=]
T T L3
-

Yeomp 1S the combination of the available results
including all the data available after Moriond 2012
(thus with updates of LHCb analyses to 1 fb-1).

Ysu IS the fit prediction from the SM using post LP11
results.

Ycomb - (75.5 i IO.S)O
Ysm =(68.5+3.2)°

33



y from B—>DK

* y plays a unique role in flavour physics:

It is the only CP violating parameter that can be measured
through tree decays.

* Itisabenchmark Standard Model reference point.

A(B" > DOK’)ocV V¥ A(B- > DK')oc V, V*
U
.
WS s "

b > -
B—O O DY a
i

Variants use different B or D decays and require a final state
common to both D° and D°-bar
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Events / ( 5 MeV/c?2)

Latest results on B>D K (GLW)

5.8 o evidence for direct CP violation in B* 2 D(K*K")K*

N> NERT

|Moriond 2012

PRELIMINARY

B> [K*K ]

BaBar i
PRD 82 (2010) 072004

Belle H
LP 2011 preliminary

CDF

PRD 81 (2010) 031105(R)

0.25+0.06 £ 0.02

0.29 +£0.06 £ 0.02

0.39+0,17 £ 0.04

39£0,

LHCb H - 0.14 +0.03 + 0.01
arXiv:1203.3662 |
Average i 0.19+0.03
HFAG

0.2 0 0.2 0.4 0.6

LCHCD
B> [K*K ] K-
L B> [K*K]mr
“u'i ~...\__ ++

5600

D - KK, rut, CP egeinstates:

Al =

B> [KK ] K* =
B D [KK ot -

\
4’
) Y u
'
= _-_v, N‘ITV o

B*—>[K*K],mt* 7

I'(B~ — [flph™) —T(B* — [flph™)
(B~ — [flph~)+ (BT — [flpht)’

LHCb 7

LHCb i

5600
m(Dh*) (MeV/c?)

M. Gronau and D. London, Phys. Lett. B253 (1991) 483;
M. Gronau and D. Wyler, Phys. Lett. B265 (1991) 172.

g1d 01 paywigns

C99¢°€0CT AIXIe QOHT
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Latest results on B—>D(ntK)K (ADS)

First observation of suppressed mode B*-> [m*K*] K*

. . . . m r
Evidence for direct CP violation S =
% | | | | | | 3 °
2 =0/ LHCb B 0 W+(1r- LHCb =
é) 15 BSQDOK (T[+)miss BseD K (T[ )miss o ;<
- o 2
: U - -K+1_K- i + + + o P
A am AT L
T T T T T T _ o)}
_ N
LHCb LHCb
B>[nK'] B >[n'K] n" _
bbbt 8 Bl o R T T b
5400 5600 5400 5600
m(Dh*) (MeV/c?)
D KnKR,, B, 1B - [flpk") + (B - [f]pK*)
PRELIMINARY L, —_ .
BaBar | . | 7] 0.0110+0.0060 + 0.0020 K/= (B~ — [f]Dﬂ'_) + (Bt — [f]Dﬂ’+)
PRD 82 (2010) 072006 e
Belle | ) 0.0163 *02us w0007 | The favoured, b - ¢ decay to be followed by a doubly Cabibbo-
PRL 106 {2011) 231803 ~ | i© suppressed D decay, and the suppressed b - u decay to precede a
CDF (bo11) 081504 00220 £0.0086£0.0026 | f3y0ured D decay. The amplitudes of such combinations are of
LHCb 0.0152+0.0020 + 0.0004 | Similar total magnitude and hence large interference can occur.
arXiv:1203.3662 Bl
Averagie L 00153+00017 | D-Atwood, |. Dunietz, and A. Soni, Phys. Rev. Lett. 78 (1997) 3257;
HFAG e , D. Atwood, I. Dunietz, and A. Soni,, Phys. Rev. D63 (2001) 036005, 36
-0 0.01 0.02 0.03



Evidence of CPV in charm

Measurement of CP asymmetry at pp collider requires knowledge of
production and detection asymmetries; e.g. for D°>f, where D meson flavour

is tagged by D**->D%* decay

AraW(f) — ACP(f) + Ap (f) + AD(W:) + AP(D*Jr)-

Final state detection asymmetry A,(f) vanishes for CP eigenstate

Cancel asymmetries by taking difference of raw asymmetries in two different

final states.
{{; T ]
> soooo]- LHCDb a) -
= I DO->K*K~ ]
S 60000l 1.4M events
g |
%40000_
w

20000:

&

0 5 10 15
dm (MeV/c?)

20000

Entries / (0.1 MeV/c?)

5000f

AAcp = Araw(ﬁ’_l‘!+) - Araw("T_"T-*-)-

15000

10000F

LHCb b)
DO->m*n 3
0.4M events

] ]
5 10

15
dm (MeV/c?)

0.62/fb
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Evidence of CPV in charm

£y 0.02 —

P _E
Result, based on 0.62/fb of 2011 data o1 =
AA, = [-0.82 £0.21(stat.) £ 0.11(syst.)]% 0.005 s

C09TTT (2T0Z) 80T 14d 9IH1

-0.005
AA, related mainly to direct CP violation: 0‘;’; A RN T
The contribution from indirect CPV 002 ...

. ) -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
suppressed by difference in mean decay aind
time.

AAcp = Acp(K _Ii’+) — Aep (‘:T_‘:T+)
1 Tin Alt) .
= [a.‘(lj.'l',(lx"liﬂ — a‘(l;}',(‘;r“w’L)] + ( >a.'(i3;§.
T
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Evidence for CPV in charm

Implications of the LHCb Evidence for Charm CP Violation. arXiv:1111.4987

Direct CP violation in two-body hadronic charmed meson decays. arXiv:
1201.0785

CP asymmetries in singly-Cabibbo-suppressed D decays to two pseudoscalar
mesons. arXiv:1201.2351

Direct CP violation in charm and flavor mixing beyond the SM.
arXiv:1201.6204

New Physics Models of Direct CP Violation in Charm Decays. arXiv:1202.2866

Repercussions of Flavour Symmetry Breaking on CP Violation in D-Meson
Decays. arXiv:1202.3795

On the Universality of CP Violation in Delta F = 1 Processes. arXiv:1202.5038

The Standard Model confronts CP violation in D°=>7mt*it™ and D> K*K-.
arXiv:1203.3131

A consistent picture for large penguins in D°-> ', K*K". arXiv:1203.6659

... and many others!
Further experimental input needed to clarify whether CPV is SM or NP
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LHCb upgrade

=

Framework

Technical Design Report

Run at a nominal luminosity of:
L=1.x 1033 cm?s?

Exploit a fully flexible HLT (software
trigger), selecting events synchronously
with the BX clock, at 40 MHz.

— Increase signal efficiency for leptonic channels
by a factor 5 and for hadronic channels up to a
factor 10.

Accumulate 50 fb! over 10 years starting

from 2018

For reasons of flexibility and to allow for
possible evolutions of the trigger, LHCb
decided to design those detectors that
need replacement for the upgrade such
that they can sustain a minimal
luminosity of L=2.x1033 cm2 s,

40
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LHCb sensitivity to key channels

CERN/LHCC 2012-007, LHCb TDR 12, 25 May 2012 5 fb 50 fb
Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 38, (BY = Jjb &) 0.10 [0] 0.025 0.008 ~0.003
28, (B® — JR fo(950)) 0.17 [10] 0.045 0.014 ~ 0.01
Aw(BY) 6.4x 1073 [15] 0.6x107% 02x1073 0.03x 10°3
Gluonic 28 (BY — ¢¢) - 0.17 0.03 0.02
penguin 2BF(BY = K*K*0) - 0.13 0.02 < 0.02
28°T(B® — $K?) 0.17 [14] 0.30 0.05 0.02
Right-handed 25 (BY = &) - 0.00 0.02 <001
currents %(BY = ¢7) — 0.13% 0.03 % 0.02 %
Electroweak  S3(B° — K*%utpu=;1 < ¢* < 6 GeV¥/c?) 0.08 [11] 0.025 0.008 0.02
penguin sp Apg(BY — K*0utp™) 25% [14] 8 % 2.5% 7%
Al(Kptp;1 < ¢® < 6GeV? ) 0.25 [15] 0.08 0.025 ~ 0.02
BBt - ntputp)/B(BT - Ktptu) 25% [16] 8 % 2.5% ~10%
Higgs B(BY — ptp) 15x10°[] 05x107 015x10° 03x107°
penguin B(B° — ptu~)/B(B? — putp) - ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DWKW™) ~ 20° [19] 4° 0.9° negligible
triangle v (B? = D,K) - 11° 2.0° negligible
angles B (B — J/Y K2) 0.8° [15] 0.6° 0.2° negligible
Charm Ar 23 x 103 [15] 040x 102 0.07 x 103 -
CP violation AAcp 21x 1072 [5] 0.65x107* 0.12x107* =
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Summary

Concept of LHCb definitely proved.

— Dedicated experiment for heavy flavour physics exploiting
a forward spectrometer at a hadron collider.

Many world leading results already with 2011 data and
many more to come.

— Significant increase in available samples with 2012 data.

Standard Model still survives.

— Now on probing regions where new physics effects might
appear.

LHCb plan the upgrade to be installed in 2018.
— Essential next step forward for flavour physics.
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Spares
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Mixing-induced CPV in B 2 J/Ud

The interfering amplitudes Bs L > /WO
Py s @b

i . : | J/t* penguin contribution standard Model
h -t to the decay amplitude

i ) :5:.‘? . V 'V*

| AN - VsV _

|,d.l T'—l—l " - Ax‘( P+ in)l (3\ = arg (— V o BS—0018i0001
< ) ('S

i, ch 44,



Tagging

Tag the initial B flavour state with the other b-hadron.

Electron, muon, kaon, or inclusively reconstructed vertex.
Per-event mistag-probability from neural network trained on MC.
Calibration of the per-event mistag probability using flavour specific
decays similar to B.=2 J/yd

2:.:0.6:.-..|-.-.,---.|....,....|... ] >, 06T
= 0_55_ LHCb preliminary _ I_'g o.50. LHCD preliminary
-g - Bt— J/ YK+t _g - BO— J/pK*
= 04p E = 041 (oscillation fit) ]
.g 0.3 = % 0af ]
= ] g ]
Q 02F . © 0.2 ]
E | £ :
0.1F - 0.1 =
0:""'"""""""""""'- 0 1
0 01 02 03 04 05 06 0 01 02 03 04 05 06
estimate of mistag probability estimate of mistag probability

Tagging power for B> J/bdb: €D?=(2.29 £0.07 £ 0.26)%
To be added yet: “same-side” tagging, using charged kaon
produced in association with Bx.

Jld3 031 paplwqgns

6,67 COCT:AIXJe ‘QIH1
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Same side tagging and AM.

340 pb-!
AM; analysis done with B = D¢~ (K™K*rt) R . data
Same Side Kaon Tagging global calibration tested with @ I LHCb preliminary — fit
D~ decays: eD?= (1.3+0.4)% ; (8 =7 TeV, 340 pb” BB Dt
For the future: optimization and per-event calibration % 2000 B B)— D.K*
with AMs oscillations. 8 9189 + 147 . misid. bkg.
Opposite Side Tagging per event calibration done with g I comb. bkg.
B® > D~ mt*, AM, oscillation: eD? = (3.1+0.8)% §
AM, = (17.725 £ 0.041 £ 0.026) pstusing a ® 4
combination of the opposite-side and same-side 5400 5600 5800

tagging algorithms.

x0.4

£
<

LHCD preliminary
{e=7TeV, 340pb™

+

SSKT only

+

0.2
0

-0.2-

% o1 0z 03
t modulo 2x/Amy) [ ps ]

LHCb-CONF-2011-050

LHCD preliminary

{e=7TeV, 340 pb™! OST+SSKT

02 +
V01 oz 03
t modulo (2x/Am) [ ps1

(D; «*) invariant mass [MeV/c2

LHCb published
AM = (17.63 £0.11 + 0.01) ps’?

independent of “2010” result
Am, =17.63+0.11+0.01 ps™

LHCb, PLB 709 (2012) 177
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LHCb performance in 2011

Integrated luminosity
LHC 2011 RUN (3.5 TeV/beam)

T T

—o— ATLAS 5.626 fb™!
—A— CMS 5.714 fb™!
[|—o— LHCb 1.217 fb~!

—0— ALICE 4.877 pb™!
4 || PRELIMINARY

Delivered integrated luminosity (fb™")

oMr r M Jun  Jul Aug Sep Oct
Month in 2011

Peak instantaneous luminosity

40 LHC 2011 RUN (3.5 TeV/beam)
. IATI—AIS T T T T T T

35| & cms ‘08 |
—_ O LHCb
Tm O ALICE A
o 30 [ PRELIMINARY R
£
o 250 38 -
=
z 20} ¥ o .
@
2
£ 15t i
£
=
< 10 i
: g § : 2 o

5} N °? R0

\‘V
A W N A 3 . .

OMar Apr May Jun Jul Aug Sep
Month in 2011

Delivered luminosity: 1.2195 fb!

Recorded luminosity: 1.1067 fb!

Average ttinteractions/visible event (n) ~ 1.5
c.f. design value ~ 0.4;

2010 data taking up to 2.5

What does [Ldt = 1/fb mean?

10'° x 75.3 x 107 ~ 10*! beauty produced

LHCb has world's largest data sample for any
channel where the efficiency is not too small.
BaBar and Belle combined: 10° BB-bar recorded.
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Integrated Luminosity (1/pb)

2012 data taking (so far)

LHCD Integrated Luminosity at 4 TeV in 2012

400 — - ..................... .................... ..................... ®  Delivered Lumi: 291.42 /pb
- e  Recorded Lumi: 270.92 /pb

350 —--.-- ..................... .................... ..................... ..................... e e

300 F— §....CQmpared..t.o..Z.O.l.l ............ S S e S S
C | e Vs=8TeV higher > higher cross- sectlons -
260 ... §....Q..S|m|lar VAl OF P (1.6 N S e ol
° ngher HLT rate 4.5 kHz - |mproved e : 5 :

200 —......:....................r.......................\....................:....................'.......................\....................'......................:. .............

RS S S— S— SRS S— SUSUNU S—— 7. _—

00 P — ST N— - — —

80 2500 2520 2540 2560 2580 2600 2620 2640
LHC Fill Number 48




The present LO trigger architecture

40 MHz
Pileup
PS, SPD, ECAL, HCAL
Muon

1 MHz LO trigger rate limitation

Level-0
p;of h, u, ey 3
.5 m
|1MHz s o
2 v Yy
O D,
HLT Re) Dkt

tracking and vertexing

Trclgger yield (Arb]%nlt)

_lllllllllllllllllllllIlllllll

p; and impact parameter cuts 1
inclusive/exclusive selections
05
l 0 lvvv v bvv v b v v bvv v Iy
1 2 3 4 5
3 -4 kHz Luminosity (x10%)
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o
o

Signal efficiency

o
o

0.4

0.2

LLT efficiency vs LLT output rate

N&Aﬂnﬁ:

I|Il|||llLLlll l

LLT-y

o0°
o°
o°

LLT-
i »° < LLT-hadron

o A K
o O ¢y
o o ¢¢

T - | |

T - bt
125 15 175 20
rate (MHz)

75 10

Relative rates LLT-p : LLT-hadron: LLT-e/y = 1:3:1.

LLT efficiency
LLT-rate (MHz) 1 51 10
By — 0o 0.12 | 0.51 | 0.82
B — K*upu 0.36 | 0.89 | 0.97
B, — ovy 0.39 | 0.92 | 1.00
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Trigger: the key to higher luminosity

All the sub-detectors
information to the
readout at 40 MHz

40 MHz
LLT

Custom electronics

40 MHz l LLT trigger rate 10 — 30 MHz

Bandwidth presently
limited to 1MH:z

READ-OUT
TELL40
Custom electronics

40 MHz l

HLT

Tracking and vertexing
pr and impact parameter cuts
Inclusive/exclusive selections

Event Filter Farm
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Detector modifications

CALO + MUON
Remove M1, SPD, PS

VELO [RA
New pixel system  Ne

Replace all the front-end electronics + DAQ network ‘




