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LHC — b and ¢ Quark Production

. _ALICE

-b—ﬁ -“"rq

" “'“‘”-- =3
ATLAS“f’.:/

The LHC is also a heavy flavour factory
o(v/s=TTeV ,pp — ccX)~ 6 mb
Phys. Lett. B 694, 209 (2010)

o(v/s =7TeV, pp — bbX) ~ 0.3 mb
Nucl. Phys. B 871, (2013)
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LHC — b and ¢ Quark Production

* bb / cc pairs are mainly produced
in forward / backward direction

LHCb MC

s=7TeV

The LHC is also a heavy flavour factory o
o(v/s=TTeV ,pp — ccX)~ 6 mb 6, [rad] 2

/2

Phys. Lett. B 694, 209 (2010) . 6, [rad]
o(v/s=TTeV , pp — bbX) ~ 0.3 mb
Nucl. Phys. B 871, (2013) LHCb — forward spectrometer
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LHCb Experimental Setup

JINST 3, (2008) S08005
Muon System RICH Detectors ( )
| / specific for LHCb Vertex
Detector

10-250 mrad

/ op/p = 0.4 — 0.6 %

€Etrack > 96 %

Calorimeters Tracking System
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LHCb Experimental Setup

JINST 3, (2008) S08005
Muon System RICH Detectors ( )
| / specific for LHCb Vertex
Detector

10-250 mrad

/ GPID(K)%95%

Calorimeters Tracking System | MisID (K— m) =~ 5 %
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LHCb Experimental Setup

10-250 mrad

Muon System

}

Calorimeters

RICH Detectors

/ specific for LHCb

JINST 3, (2008) S08005

Vertex
Detector

Tracking System

MisID (e — h) ~ 5 %
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LHCb Experimental Setup

10-250 mrad

Muon System

}

Calorimeters

RICH Detectors

/ specific for LHCb

JINST 3, (2008) S08005

Vertex
Detector

Tracking System

GPID(,LL) ~ 97 %
MisID (m — ) ~ 3 %
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LHCDb - Trigger Overview

» Hardware Trigger based on VELO,

Calorimeter- and Muonsystem
e Select on pr objects: h, i, pp, e*, y, w0

e Obtain p-p interaction and muiltiplicity info

» Two level software trigger based on
partly / fully reconstructed objects with all

detector information
e Confirm LO trigger using
detector info

e Select on a single track with high p. and

displaced vertices using VELO

e Use reconstructed objects for exclusive and
inclusive selections with clear signature

» In 2012 wrote 5 kHz to storage thanks to
storing up to 25 % of data locally

Jorg Marks

40 MHz bunch crossing rate

L0 Hardware Trigger : 1 MHZ
readout, high E¢/Pr signatures

450 kHz 400 kHz
he H/pp

[ software High Level Trigger
29000 Logical CPU cores

Qffline reconstruction tuned to
trigger time constraints

Mixture of exclusive and inclusive
\___sSelection algorithms y

o O

~>

5 kHZ Rate to storage

2 kHz
Inclusive/
Exclusive

Charm

1 kHz
Muon and
DiMuon

2 kHz
Inclusive
Topological

A
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Operations in 2011 / 2012

> p-pat3.5/4TeV > p Pbat\/ N =5 TeVin 2013

® delivered
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e | HCb operates with high efficiency
e Take data at constant instantaneous luminosity

rate: L~4x10%2em 257! smo_
(factor 2 larger than design luminosity)

e Visible pp interactions per bunch crossing
~ p=1.7 (50 ns bunch spacing)
| Jorg Marks FLASY2013: LHCb Overview
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LHCDb Physics Program

» Search for evidence of physics beyond the Standard Model in CP violation
and rare decays of charm and beauty hadrons

e I[ndirect search, probe large mass scales via the study of virtual quantum
loops of new particles

» Only a few recent LHCb physics results can be covered here
e Spectroscopy and production of heavy quarks

Quantum numbers of X(3872), J/¢ / T production, and D mass measurement
e Mixing and CP violation in the B (B*, B?, BY) system

Amg, Al'y, ¢, and CPV measurements, 7
e Mixing and CP violation in the D system (mixing in WS D° — Kwand AAcp)
e Rare decays (B° — K*uu, BY — ¢up) B?S> — [

LHCDb results are available in more than 125 papers submitted to journals

and 110 conference contributions. https://cds.cern.ch/collection/LHCb%20Papers?Iin=en
https://cds.cern.ch/collection/LHCb%20Conference%20Contributions?In=en

Jorg Marks FLASY2013: LHCb Overview



https://cds.cern.ch/collection/LHCb%20Papers?ln=en
https://cds.cern.ch/collection/LHCb%20Conference%20Contributions?ln=en

LHCDb Physics Program

» Search for evidence of physics beyond the Standard Model in CP violation

and rare decays of charm and beauty hadrons
e I[ndirect search, probe large mass scales via the study of virtual quantum
loops of new particles
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Selected results

Production and Spectroscopy




Quantum Numbers of X(3872)

10 years after the discovery of X(3872) two possible spin states remain
» Determine J“in a 5 d angular correlation analysis of BT — X (3872)K ™,
X(3872) — T J/zp J/w —>u o arXIV 1302 6269([ L =1fb"1)

—y
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8oof-

3

600~

Number of experiments / bin
S,

2,

Number of candidates / (2.5 MeV)

400

200

600 800 1000 1200 1400

M(rtm=J/) — M(J/$)[MeV/c?]

> JPC(X(3872)) = 171, exclude 27" with > 8¢

» The state ncz(lng) is excluded, favour unconventional interpretations
Xel (2°P,), D** DY molecule, tetra quarks or charmonium-molecules
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D Meson Mass Measurements

Interpreting X(3872) as D*°D° molecule E is determined by D mass

measurements: Ep = 0.16 + 0.26 MeV/c?

» Mass measurements in the D system  arXiv: 1304.6865 ([ £ = 1fb"1)

e Determine DY massin D' - K™K~ K rn*
M(D") = 1864.75 & 0.15(stat) & 0.11(sys) MeV /c?

e Mass difference measurements
M(D1) — M(D°) = 4.76 4 0.12(stat) & 0.07(sys) MeV /c?
M(D}) — M(D") = 98.68 & 0.03(stat) & 0.04(sys) MeV /c?

CLEO
. . " g . _|_
Derive a significantly more precise D mass Hol

M(D}) =19684.19+0.20 + 0.14 + 0.08 MeV/c* oz

CDFE2

e Dominant syst. uncertainty on the mass BABAR
. PDG Average 98.85+0.25 | :
is due to the momentum scale of 0.03 % LHng
DO mass : 0.09 MeV/CQ New average 98.69 + 0.05

mass difference  : 0.04MeV /c?

_arXiv: 1304.6865

'n

97 975 98 985 99 995 100

M(D) - M(D")[MeV/c?]
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J /1 and Y Production in pp Collisions

> J/v, Y production with J/¢p — ptp~ and Y(nS) — pu* ™ at /s = 8TeV
20<y <45, pr(J/Y) <14 GeV/e, pr(Y) <15 GeV/c  arXiv: 1304.6977

— _|_ -
J/p — utpu T(nS) — pu"u
& 20000 (5 < L
O (a) LHCb s L ﬂ LHCb :
3 . Vs =8 TeV < 10000~ : \s=8TeV —
- 2.5<y<3.0 e ¥ | ]
c 15000: 3<p <4 GeVlc = ool -
g 0 0 $ ]
S 10000/~ T% 6000~ -
£ :
o i 4000 - —
5000 -
i 2000 - —
O_..J ---------------- |""|-"‘|. AT SR NN SR SR U RN AN TR TN W T 0: i J ;
3000 3050 3100 3150 3200 11000

m( u'u ) [MeV/e? m(up ) [MeV/c?]
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J /1 and Y Production in pp Collisions

> J/v, Y production with J/¢p — ptp~ and Y(nS) — pup~ at /s =8TeV
20<y <45, pr(J/Y) <14 GeV/e, pr(Y) <15 GeV/c  arXiv: 1304.6977

— T T T | T T T T I T T T T I
<10 e~ LHCb prompt Iy, 2.0 <y < 45 ) 10E (a) —e— Y(1S) data, 2.0<y<4.5 %_
o~ . [T Direct NLO CSM. 2.0 <y < 45 S = Direct NNLO* CSM, 2.0<y<4.5 7
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Selected results

Mixing and CP violation in the B System




Mixing Formalism in Neutral Mesons

Neutral mesons (K, D, B, B;) are created as flavor eigenstates of the strong
iInteraction. They can mix through weak 2 3

b S _
interactions. BS) % |B)

» The time evolution is obtained by
Zﬁ B)(t)\ [(Mu M2\ i (T T B (t)
ot\Bo(t)) |\ M{y, Ma 2 \I'Ts T2 BO(t)
» The physical eigenstates are B} and Bj;
BT ) = p|Bs) F a|By)
B () = e " Meam T/ By (6= 0))
» Define mass and lifetime differences of B; and Bj;:

AM My — M AT Tpy-Ty
YT T T of ol

y:
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Measure time dependent decay rate of B, — D_n#"and B, — D n~

> Select 34 kK B; — D m candidates with 5 D, decay modes in 1 fb™!
NJOP 15, 053021 (2013)

i"—? | a) - - » data K] b) - T + data - — —_
TR | [ A E | D = (KK )
= WB'— D " = i W B)—D, 1t
= | WB!— D,KY = 20000 M B'—D.K*
3 2000 misid bkg. 8 misid. bkg. _ _ _
g I LHCb [ comb bkg. é LHCb [ comb. bkg. D % ZS *0 ( ZS _|_ v ) ZS
5
0 ‘
5350 5400 5450 5500 5550 5350 5400 5450 5500 5550 N P J—
(D: 7*) invariant mass [MeV/c?] (D_ %) invariant mass [MeV/c?] DS % B _'_ B T non — ’r‘eSOnant
% [c) DoK'k ¢ data ) [ d) D,»Km  ° data
% I i — fit o I ) — fit — — —_
= 2000 mB-Dr | 2 | M B—D, 7 D s — K7 +7T
< - M B'-DK* = 500 W B—D.K"
Z LHCb misid. bkg.| & T LHCb misid. bkg.
: : ; +
$ 10001 © b. bkg. 3 b. bkg. - - -
% 3 I com! g :; I com g D 5 T T T
9 - o
2 5350 5400 5450 5500 5550 g 5350 5;@0 5450 5500 5550
(D_m*) invariant mass [MeV/c?] (D, %) invariant mass [MeV/c?]
t o Domrr - daa e Background separation in Bs mass
z | — fit
2 1000} M B-D. . .
Tt LHCp ME-DK * Flavour tagging at production
3 [l comb. bkg.
=
=1
]
o

e Flavour at decay from final state

5350 5400 5450 5500 5550
(D, m*) invariant mass [MeV/ ]
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Am., Measurement

» Perform unbinned max. likelihood fit in B, mass and decay time

e PDF « {e—” - (cosh (%t) + D cos(Am t))} ® R(oy)

S \fvent-by-event
e Mean decay time resolution 44 fs flavour tagging decay time

: resolution
> Fit results

&. * Tagged mixed e Largest systematic uncertainty
g . o Tagged unmixed ibuti ] d |
S 00k w L contributions: z —and p scale
8 | . ----------- Fit unmixed -
S $ e Most precise measurement of
= !
= 200 Amg to date

o * Good agreement with current

- | NJOP 15, 053021 (2013)

L world average and SM

0 1 2 3 4
decay time [ps]

Am, = 17.768 £ 0.023 (stat) & 0.006 (syst) ps~*
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CPV Measurements in the 5 System

The only source of CP violation in SM is a single complex phase in the
CKM matrix.

» CP violation in mixing, q/p # 1

«  T(BJ—= D put)-T(B) = Dip~) _ > LHCb-CONF-2012-022
Qg = = ~1—l|q/p|
L 7 T(BY — D; ut) + I(BY — Df p)

» CP violation in decay, I'(P — f) £ I'(P — f)

e Asymmetries in BY, BY — K1 decays arXiv:1304.6173
e Asymmetries in B — h™h~h™* decays  arXiv:1306.1246

» CP violation in interference of mixing and decay
e »°° in BY — J/v¢ and BY — J/¢mm  arXiv:1304.2600

e »°°° in BY — ¢¢ arxiv:1303.7125
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CPV in Charmless 2-body 5 Decays

» The interference between b — u tree and b — d(s) penguin processes
gives access to direct CP violation in B( y — K decays

e Measure the asymmetries

Np ,f—Npy
NB—>f + Ny

Acp =

B (BO—>K+7T_>

BY - K—7t
e First measurements in B — K7~ by BABAR and Belle (2004)

e Test Standard Model prediction in a model independent way by

0 + — 0 _
A — Acp(B” = K ) 4 B(B; — K™ )Td _ 0 H.J. Lipkin, Phys. Lett.
Acp(BY - K—nt)  B(B° — Ktn— B 621 (2005) 126
Ve . \SM

arXiv:1304.6173  arxiv:1206.2794

HFAG averages
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B — Km Signal

arXiV' 1304.6173

Bk
smf_ Nyig = 41420 + 300
& 20002—
e
> -
= 1000:—
8
% 300 BY - Kr :
8 N,iy = 1065 £ 55
200

100 .
mass resolution:

o(m) =22 MeV

551 52 53 54 55 56 57 51 52 53 54 55 56 57 58
Kt invariant mass [GeV/c?] K 7t invariant mass [GeV/c?]




Results - CPVin B,y — K7

» Raw asymmetry measurements

°
o
G

> 0.05(- Z
s  RBY 5 Kr LHCb g Oszg — K LHCb
A E £
@ C @ E
=-0.05— 2 04—
© n o =
G SRS #_:’;&
0.1—2*" ! B
z e l 02
0.15° ‘ =
0 25 e
02 e 5
JL=1p70 - arXiv:1304.6173
-0.25— L I P L —— 7y 1 e st D o R AR
2 4 6 8 10 12 0 005 01 015 02 025 03 035
t [ps] (t-to) modulo (2x/Am,) [ps]

> Results after correcting for detection and production asymmetries
e Acp(BY — K~ 7") = 0.27 4+ 0.04 (stat) %+ 0.01 (sys)
Significance =6.5 o (first observation)
e Acp(B’ = Kt7n™) = —0.08 £ 0.007 (stat) % 0.003 (sys)
significance = 10.5 ¢
e A =—-0.02+£0.05+0.04 — compatible with SM expectation
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¢s Measurementin B; — J/1¥¢

¢p = arg(VesVep) |

B, wt <
» Bs — B, oscillation leads to the weak phase Kc

Oym = 2 arg(%s t?p)

» Access the CP violating phase via the interfering
amplitudes of BY — Jy¢pand BY — BY — Jyo

o Qrpe =0s =bp —2 ¢ = M
in SM
e Get (bSSM from global fit ignoring penguin
contribution, CKM fitter, arXiv:1106.4041

$IM = 0.0364 + 0.0016 rad

» Access new physics contributions by deviations from SM
b = 5N + Dby, APy = arg(Miz/ M)

Jorg Marks
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CPV and Al in Bs — J/¢¢

» Need an angular analysis to statistically separate CP eigenstates

¢ — KTK~ in P wave — CP-even, CP-odd
¢ — KTK~ in S wave — CP-odd

depending on rel. orbital
momentum of J/¢ and ¢

» Use an sWeight-based method to determine in an max. likelihood fit

‘o d*T'(B? —» JYKK)
dt dS)

e Key ingredients to t — dependent flavour tagged angular analysis

helicity angles Q = (0., 0k, ¢n)

the physics quantities ¢,, AT, I'y, ...

10—

- probability of getting the initial B flavour wrong § b
- decay time measurement ‘g 107
- event by event decay time resolution é .
S
- knowledge of Am o "

5
arXiv:1304.2600 Decay time [ps]
Jorg Marks




CPV and Al in Bs — J/¢¢

» Need an angular analysis to statistically separate CP eigenstates

[l y +
$ — KTK~ in P wave — CP-even, CP-odd /K_ __________ S ——Y
¢ — K"K~ in S wave — CP-odd S ey SN

depending on rel. orbital %JF/K b B & e

momentum of J/¢ and ¢
» Use an sWeight-based method to determine in an max. likelihood fit

d*T(BY — JYKK)
dt dS)

e Key ingredients to t — dependent flavour tagged angular analysis
~ 1400 ————

- probability of getting the initial B flavour wrong= 1200F
1000 |

to the physics quantities ¢,, AT, I'y, ...

- decay time measurement 800 F

Candidates

6005
- event by event decay time resolution 200F-

200 F
- knowledge of Am o B

Jorg Marks




CPV and Al in Bs — J/¢¢

» Need an angular analysis to statistically separate CP eigenstates

. Y +
¢ — KTK~ in P wave — CP-even, CP-odd /K— __________ Tz
¢ - K"K~ in S wave — CP-odd g; R atas o SN

depending on rel. orbital %:K K B, 1 & -

momentum of J/¢ and ¢
» Use an sWeight-based method to determine in an max. likelihood fit

o I'T(BY = JYKK)
dt dS

e Key ingredients to t — dependent flavour tagged angular analysis
~ 4077

- probability of getting the initial B flavour wrong§ uoo;
1000 |

the physics quantities ¢,, AT, I'y, ...

- decay time measurement 800

Candidates

600:
- event by event decay time resolution 400

2005
- knowledge of Am =
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CPV and Al in Bs — J/¢¢

» Need an angular analysis to statistically separate CP eigenstates

. Y +
¢ — KTK~ in P wave — CP-even, CP-odd /K— __________ Tz
¢ — K"K~ in S wave — CP-odd S ey SN

depending on rel. orbital %:K K B, 1 & -

momentum of J/¢ and ¢
» Use an sWeight-based method to determine in an max. likelihood fit

4 0
to d'T(B; = JYKK) the physics quantities ¢,, AT, I'y, ...

dt dS)

e Key ingredients to t — dependent flavour tagged angular analysis
= 1400 T :
- probability of getting the initial B flavour wrong £ 1200f LHCh ]
% IOOOW
. . - +_
- decay time measurement S soof + o+ il E
. . 8 600 f:/// \\\\__//// \\\\—f
- event by event decay time resolution T ,oLCP-even JE
5 200 CR-odd . - 7 3
- knowledge of Am GE=SIWAVE

Jorg Marks




Results - ¢, Al'sin By — J/1p¢

> Results for B, — J/9¢(KTK~) » Combined with B, — J/¢¢(rm7)

$s = 0.07 £0.09 + 0.01 rad $s = 0.01 £ 0.07 + 0.01 rad
AT, =T, Ty ATy = 0.106 £+ 0.011 4 0.007 ps~*
= (0.100 £ 0.016 £ 0.003 ps~—* T, = 0.661 = 0.004 = 0.006 ps

I', = (FL —|—FH)/2

_— _1 C
— 0.663 £ 0.005 & 0.006 ps > HFAG average for ¢°°° vs AT,

'_"_| 02 - " " " I ! ! ! I ! ! ! I ! " " I =
2 0.18F LHCh s 4 _. ; ; gy
- ° - LHCb<10fb +CDF 96fb™ + D@ 8fb~ +ATLAS 491b
'_c'0016:— =95 % CL 3 _'T'0.25:|""|:,""ru_""|""|""|""1:
z 014F ¢ Standard Model_: |m - . DG HFAG |
3 E 2 go0F ] -
0.12 - 3 T 0-20 N | 68% CL contours 1
0.1F E T F : Y (Alog £ = 1.15) 1
0.08 ;— _; <] 0.15f ‘1 “LHCb g
0.06F 3 ' SRR ¥ :
004 ;_ —; 0.10 :— ;‘("“ ----- /"‘:O_pr_t?ined _:
0.02F arxiv:1304.2600 E : Lopr WS T :
O 5 .05 O SM L ATLAS) E
04 -02 0 0.2 0.4 . N AT ]
rad C ....l....|h.“.—:-.ﬁ;-.".".-.-|....|....|'
. q)s [ ] 0-1.5 -1.0 -0.5 0.0 05 1.0_ 1.5
Good agreement with Standard Model ¢ [rad)]
expectations

.. This measurement superceeds previous LHCDb results.
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CPVinBT 2~ K*r 7 and B* - K*K K~

» First evidence of an inclusive CP asymmetry in charmless 3-body decays
Acp(BF — K*ntn™) = 0.032 4 0.008 4 0.004 & 0.007 2.80

- I significance:
Acp(B* - K*KTK™) = —0.043 £+ 0.009 £ 0.003 & 0.007 3.70

BY 3 K*KtK~

07 N fwip e arXivi1306.1246
05 o> P LHe S |- '%
g;‘ % 30 %300% B 3 02
3 C = 2000 | 3 :
B F i g 402 .(_D. 250 %1003 gttt P |
B < 50k R R 235 H,
E)0 1 S b 1 1o [GEV 4] b . d .
02 : - o1 binned asymmetry:
-0.3 E 02
-0.4 -\ _ _I_
05 -0.3 AN o N(B ) N(B )
-0.6 0.4 CP —

N(B-) + N(B*)

£ e b b b b b b b b L
0246810121416182022

2 2/ 4
Mg+ k- low[GeV /C]

Ngzsgess (Kﬂ-ﬂ-) ~ _Ngsggess (KKK>

AT (KK K) =(-0.226 %+ 0.020 = 0.004 = 0.007

Final state rescattering between 2 or more decay channels with the same flavour

: H.-Y. Cheng et al., Phys.Rev.
quantum numbers could enhance CP asymmetries. D71, (2005) 014030
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Selected results

Mixing and CP violation in Charm




D Mixing in D° — K7 Decays

» Event classes - flavour tagging at production and decay

No Mlxmg n Right Sign Decay (RS) N
D %@D0/7 P @ no D° Mixing =l
N DO Ly o @Wrong Sign Decay (WS) o> DCS 0.3%

/7unmixed

0
D"Mixing "~ cF 0.006%
mixed

» Time evolution of the WS decay rate
e assume CP conservation and |z| < 1; |y| < 1

WS d /2 12
Do Ts(t) e (RD +V/Rpy' Tt + - :y (Ft)2>
2 \Mixing v ~ ~ — -
DCS > 0 DCS Interference Mixing
‘?'Z / ¢ i IS the strong phase between CF and DCS
® CF amplitudes (DY — Kr)
Ktn~ ;
x = T COSOKr+ Y SINOK~ P P 5 5
Yy’ :—azsin5K7T+ycos5K7T y -ttt =x t+y
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Mixing in t-dependent WS D° — K

. Xiv:1211.1230
» Measure the Number of WS and RS~ » Mixing Parameter o
D decays in 13 bins of the lifetime. Rp = (0.352 £ 0.015)%
NEE =8.4.10° NioL =3.6-10 y' = (0.72+£0.24)%
> Fit the N9t /N vs the D° decay time z'? = (=0.009 + 0.013)%
R(t) oc e T (RD Ry Tt " z"? Zylz (re) > Errors include sys. uncertainties
®© ><103’|||| S b
& 'F «Da 1.0fo" =2k LHCb
$ 6.5 — Mixing fit E ~ ;
o 6fF -—No-mixing fit - 5_ E
= st L i _
© - -
5 SF g : s
N - 1 0.5F c _
$ 4‘55 E F e 3G ]
= 4f e o — o “,;;..j‘; -
3.5F E [ + No-mixing /( i
N E 05F  exclude at9.1 0 S
N e A . 01 005 0 0.05

X" [%]
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Mixing in t-dependent WS D° — K

» Measure the Number of WS and RS » Mixing Parameter ariv: 12111230

D decays in 13 bins of the lifetime. Rp = (0.352 £0.015)%
NEE =8.4.10° NioL =3.6-10 y' = (0.72+£0.24)%
2
> Fit the N19%, /N vs the D° decay time z'* = (—0.009 £ 0.013)%
R(t) o e T (RD Ry Tt " z" Zylz (re) > Errors include sys. uncertainties
c_g7?<.1Q_3.|...|...|...,..._ g L, oot
2 ¢ * Dat 1.0fb" 3 — 2F e LHCh -
@ 6.5F — Mixing fit E ~
g 6F - No-mixing fit E 1.5F Flrst smgle measurement_
C:U 5.55_ / 1_ larger 50 1
S s E :
= f : | 56 ]
é 4‘5; E F e 36 .
4t E of —lo RN
3.5F E -+ No-mixing /( i
35_ E -0.5F | exclude at91 0 | .':
N e A . 01 005 0 0.05

X" [%]
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CPV in D Decays

In the Standard Model CP violating effects are predicted to be small(~ 107?)

» Access CP violation through asymmetry measurements
(D) = ) —T(D() = f) _ t ind
A 1) = il — r oo
30 =100 > o - ) Sr D e
CP eigenstate CPV in mixing + interfer.

CPV in decay ~——
» Measure time integrated Aqp difference for f = KTK~and f = n" 7~
AAcp = ACP(K+K_) — Acp(ﬂ'+7'('_)

= [afp(KTK) — aip(rtn )] + 2= i
e Measurements with 2 independent data samples in [ £ =1fb""
- D** — D%+ decays: published, f/: =0.6fb"1: arXiv:1112.0938
update preliminary, [ £ = 1fb~': LHCb-CONF-2013-003
- B — D" v, X decays: arXiv:1303.2614

» AAcp measurements in DT — ¢t and DY — K« are compatible
with O  arxiv:1303.4906,
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Results - AA-p in DY — h™h™

» LHCDb results
e D* tagged sample (preliminary) L R A S L

BaBar
AAcp = (—0.34 4+ 0.15 (stat) + 0.10 (sys)) % or *
e 1, tagged sample 11I 3
Belle

AAcp = (+0.49 + 0.30 (stat) +0.14 (sys)) %

LHCb Bre]iminary (prompt)

Consistent with no CP violation hypothesis o 10m]
LHCb (semileptonic)
» HFAG averages o
o 0.02 — Nz.l_i.g average
‘“ i e B o w L
2 0.015-no CP violat = y 5 1
001 %iﬁﬁlﬂcnsemn. AACP (%)
[== A, BaBar
0.005 ¢ 7] A, Belle prel.
0
-0.005 S o
oot S e olt=(-0010+0.162) %
0.015 |- % \ dir
I —— Aady, = (—0.329 +£0.121) %

L 1 L 1 1 | 1 1 1 1

0.01 0.015 0.02

aind
CP

-0.02 -0.015 -0.01 -0.005 0 0.005
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Selected results

Rare Decays




b — sl"]~ Decays

b — slTl~ FCNC processes give access to physics contributions beyond SM

» B - K*(KTn )\)utp~ e Diff. branching fraction B — K*utp~
d - L - d Sl mmemedariv: 1304.6325
g [HJ/L=1 LHCb
;:; 0.5:-—+—E l h—
OO PR 1 é PR .1|0- P -1|5- P .20
_ g*[GeV¥/cH
d*(T+7T
e Analyse r+1)
dcost; dcosOk dop dg?

and access angular observables
Fr,Arp,Ss, Ag in bins of ¢°
FLASY2013: LHCb Overview 1




BY — K*u* 1~ Angular Observables

» Unbinned maximum likelihood fits to the differential decay rate

Theory EEBinned Theory HEBinned
_*LHCb o LHCD
F | L L L L L L L L L L
0.8

_10 .............. 1|5 M >
?[GeV?/cH

S A R A B L E
3 04 9 o4t LHCb :
0.2'—_+_ _

-0.2:— _

] -0.4:— _

0 5 10 15 20 0 L L L L ; L L L L 1I0 L L L 2 1I5 L L L L 20

g2 [GeV?/c*] q2 [GeV3/c]

First measurement of AFB(q(Q)), consitent with leading order SM expectation
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B, — ou - Decays

BY - o(KTK)utu~ decays are treated similar to B® — K*pu*u~

e Differential branching fraction B® — ¢u = in bins of ¢?
x10°

RO | TN s ] arXiv: 1305.2168

g op LHOO 5% q(L=1/pY

g ool h = 1 - Leading order SM calculations:

z | — I + { : (14.5 — 19.2) x 10~7 (errors 20 - 30 %)
SH + ' shape described

5 10

15
¢°[GeV? /]
B(B? — ¢utp™) = (7.0710-85 (stat) £0.17(sys) £ 0.71(B)) x 10~7

2T +T) @T+T) &ET+7T)
dcosOr dq? ' dcosl; dg2 = dP dg?
observables Fi,, Ss, Ag, Ag in bins of ¢

e Analyse and access angular

first measurement,
consistent with SM expectation
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» LHCDb, the forward spectrometer at the LHC, enters the high precision
domain of flavour physics as demonstrated here with selected results

» Standard Model still holds its ground, LHCb does not observe tensions
in the numerous measurements performed

» Measurements presented here use mainly the 2011 dataset, 30 % of
the full dataset, so many more exciting results from LHCb are expected
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_ Differential B(A} — Au™ )

> Determine the differential branching fraction of AY — Au™u™ in 6 bins of

2 __ N .
¢ =m(pu) arXiv: 1304.0000
NU .- rrrprrrrprrrrp et 'T'_| 15 ' ! ! I ' ' ! 3 1 ! ! N L | ' ! T ' |
> 25F LHCb [L=1fp"1 = A LHCb ]
> F w _ : >
2 20:_ Ab_)Au“ Ag—78:|:12_: 8 lti__| .

3 é - e ]
g N: I L p om0 W
S T 05k ke = =
S = T e -
== I et 111 | e SO ! =1 . | | .
U S N e :
L \ ” il f.g 0 J/ R S I

5.7 5.8 0 5 10 15 20

M(AW ) [GeV/c?] @ [GeV?/ct]

e Measure relative branching fractionto e Significant signal only for ¢* > m7
Ay = AJ/p(utpT)

» Total branching fraction

B(AY — Aptp™) = (0.96 + 0.16 (stat) + 0.13 (syst) = 0.21 (norm)) x 10~°

e Good agreement with SM prediction
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$>** Measurement in B, — ¢¢

> B! — ¢¢ proceeds via a gluonics penguin decay (b — sss) with a small

weak phase in SM, ¢%** ~ 0.01

> Analysis is similar to BY? — Jwy¢ with T', , AT, fixed to values obtained

Candidates / (5 MeV/c?)

YN, = 880 +

31

120
100

S0

—A In likelihood

o e 7 s s, »
A A e S o i A

5100 5200 5300 5400 5500 5600

MK+ K-K+K— [MGV/C2]

® ¢sin [—2.46,—0.76] rad Q68% C.L.

sys. uncertainties included

5

arXiv:1303.7125

=
aw
Q|
Q

[L=1fp"1

| stlat. Iunperltailntiels qnly:

0 2
os|rad]

e Compatible with SM prediction
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B, — oupn~ Angular Observables

» Unbinned maximum likelihood fits to the differential decay rate

1.5_ v v v v 1 v v v v 1 ¥ v E : 1 4 v ' i 1_ v v v v 1 v ' v . 1 v v [ ' 1 N v ' i
Fr "t LHCb S3 LHCD °
F - 0.5F '

-/ g N — - -
{ e - =
] ——

1 1 b
!

O -seersremsrenseesss e ssessseasenssssssn e s s s senase e satens -] -0.5}
arXiv: 1305.2168
....5....10....

15
¢*[GeV?/c*]

1 |———
A6 F C) LHCb 1 A9:
0.5F —— . 0.5F .

5 10 15 ) 5 10 15
¢* [GeV*/c*] ¢ [GeV?/cH

First measurements, consitent with leading order SM expectation




Biy — pu - Decays

» Small branching ratio predictions for B! — p*p~ and B® — p*p~ in SM
B(BY — ptp) =(3.23+£0.27) x 107 __y  Deviations probe physics
B(B° = uTp~) = (1.07£0.10) x 1010 beyond SM

» Analysis strategy

* o1 L=10f0"1+ [, L=11fb""

e Classification of candidates in
2-D space of m(utp~) and a BDT

arXiv:1211.2674

LHCb -

_ _ _ e 1.1fb ' (8TeV)
e Calibrate expectations using I . .
control channels e e e, T ]
e Use normalisation channnels ser & et ]
e Simultaneous unbinned likelihood fit . _
to 15 BDT bins e

Jorg Marks




First Evidence for By — " u

> Observe 3.5 o access of BY — ™ u~ candidates compared to background

, —4 - ——— -
(p — value bek. only : 5-1077) 14 £ arXiv:1211.2674 | LHCh -
g 12 B L =921 p—1 1.0 fb (7TeV) +1.1 fb '(8TeV) -
0 _|_ . B +15 _9 % - f f BDT>0.7
e B(B, > pu"p)=32"73x10 2 10K =
2 g | — Bg signal
-~ o o 0o .- 3
e The results are consistent with SM 5 6F B signal 3
expectations S 40 E
< . _
b
0 MTTITULIL s ""I-'I;. _'.. TSPV O S N NI N . .
5000 5500 6000

m,+,- [MeV/c?]

> B -y~ candidates are compatible with background expectation

¢ B(BY = ™) <94 x107 @95% C.L.

These measurements superceed previous LHCb results
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~ Measurement in B — DK Decays

» Determine v from combining different methods using LHCb data
(see arXiv: 1305.2050) [ L =1fb"

(Two-body GLW/ADS) : B = Dh, D> hh [Phys. Lett. B712 (2012) 203]

Vud Jb )

v = arg( T
ca’ cp

(Four-body ADS) : B © Dh, D> Kann [LHCh-PAPER-2012-055; arXiv:1303.4646]
(GGSZ) : B Dh, D> K.hh [Phys. Lett. B718 (2012) 43]

» Preliminary update using 3 fb' of data for GGSZ LHCB-CONF-2013-006

1-CL

0.8
0.6

0.4

0.2

Jorg Marks

].IIIIII|||||

LHCb
Preliminary ]

100

120 140 160
v [°]

e Most precise measurement to date
v=(67+£12)° @68% CL
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