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Part 1:
Introducing LHCDb

UK: Birmingham, Bristol, Cambridge, Edinburgh, Glasgow,
Liverpool, Manchester, Imperial, Oxford, STFC, Warwick

*~20% of Collaboration
*Major contributors both key detectors (VELO/RICH)

*Key Responsibilities include
*Spokesperson
*Physics Co-ordinator
*VELO Project Leader
Editorial Board Chair




Introducing LHCDb

LHCb is a dedicated experiment to study
flavour physics at the LHC

« Search for New Physics in quantum loop processes

 CP violation and rare decays allowing to probe

beyond the LHC energy frontier B decay vertices:
a few tracks

Primary vertex:
many tracks ~50 \L<_ 10 mm N

Detector requirements
Efficient trigger for both leptonic and

hadronic final states

Excellent vertex finding and tracking efficiency

K/1T separation

Outstanding particle identification




LHC and LHCDb Qerformance

. LHC and LHCDb show excellent
performance

| LHCb Cumulative Efficiency over LHC FillNumber | [2010-11-19 18:00
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Vertex Resolution

VELO - Highest Resolution Vertex Detector at LHC

_45 . Projected angle 0-4 degrees . .
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= T | - 0.25
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|dentification of
beauty and charm

from displaced
vertices critical to

LHCDb physics




Particle Identification

RICH PID close to MC expectations across full momentum range

- 1477 & 14— 7 T
e . LHC_b i K'— K*: (95.46+0.25)% ] & - LHCb K*— K*: (97.08 + 0.06)% -
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LHCDb: Beyond the Energy Frontier

JE+-7-—F<_§ 1 Discovering New Physics
B’ 70 B! through indirect effects:
l S iy J sensitive far beyond
B.-B, oscillations: “Box” diagram direct partiCIe production reach

 Precision Measurements
— Need events !
— Need detailed understanding of detector & systematics

« Competitive Tevatron? Key LHCb Targets:
— CDF/DO0 >6000 pb-1 CP violation in B, system
— LHCb ~ 40 pb-1 New physics in rare decays
* Cross-section: factor 3, CKM angle y

» Acceptance, Trigger, Vertex Resolution, Particle ID
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Part 2:
Production Studies

« Measuring the branching fraction ratio between B,->w'¢ and B.->J/wé: P Schaack

« The observation of the D™*—D%K31r) Tm* decay and a charm production cross section
measurement at LHCb: P Hunt

* Prompt hadron production at LHCb: A Contu

* Measuring o(Z—uu) at LHCb: E Hicks

10



W and Z Production

« W/Z cross-section ratio

— sensitive test of SM at LHC

 LHCb-CONF-2011-012 |

E. Hicks, session 2.4

—O'

W Charge Asymmetry o 40,

— changes sign in LHCD region: Constraints on the low x
quark content of the protons at high g2.
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do(J/y)

J/L|J,Y, BC+ Production " ArXiv: 1103.0423 EPJC

8000
LHCb ﬂ mass (1S)=9449.2+ 0.4 MeV/c?
7000 Preliminary || ©(15)= 524z 04 MeV/c?
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LHCb-CONF-2011-009
LHCb-CONF-2011-016
\_LHCb-CONF-2011-017 )

A. Contu, session 2.1

Test QCD in unique forward
region

LHCb
Preliminary
VE=T7TeV

Events / 20 MeV/c?

6300 6400
M(JIvrt) (MeVic?)

* Also first obs. J/pJ/y
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A 4 )
S PLB 698 (2011) 115
Q&M LHCb-CONF-2011-019

. _ LHCb-CONF-2011-008
— The new CP eigenstate for B.: B, =J/vy f,(980)
— NP in penguin explorer: B, —K"K"”
— Background for y angle: B, —DK"™
- Exploring semi-leptonics: B —D;Xu v
“FTRES " | B =97 080] o a0
—~ 35 \s=7TeV Data f(sg80) :/}{%370) § fgé: LHCb Bs eKo KO
> % Og%g}w i 0 0 é’ 60 IT'c_ellmlnary
S i Bs{s—»w\‘\z}q,mfo i :::;: \Ls=-375."|;e3/b_1
g™ I 1t } 2 ° H
: LR TRRL I NI { I
3 IR A MR A e O L M
(MM T g sl (SRR | b R £ T A
:1, g —— 4_ o ﬁ% l 11, T,l"' p/ ) et JJ H"ll“ll
0600 800 1000 1200 1400 5000 5200 5400 5600 5800
m(z*t) (MeV) _ m(K'nKn*) (MeVic?)
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b & C CFOSS-Sections ArXiv: 1103.0423 ,EPJC

PLB 694 (2010) 209
LHCb-CONF-2010-013

P. Hunt, session 1.1

 bbar: two measurements

o(pp=>b bbar X) = 2842049 ub

—beJ/LIJ 5.2 pb-T = 10 T3
% - —e— LHCb, J/y from b (2.0 <y <4.5) ]

o(pp-=>b bbar X) = 288%4%48 ub S V777 FONLL 2.0<y <4.5) )
Oy - -1 3 E

— b=>D%uuX 122nb A ;

\s=7TeV

lllll

10-] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0

S RN B IULR
LHCb,N's=7 TeV 5 10 15 20

3. 0<y<35
* Open-charm: 1.8nb"

° 0O N+ N*+ +
DO,D*,D™*,D.
o(pp — ccX) =6.10 £ 0.93mb

—@— LHCDb Preliminary
e Pythia(LHCD tune)
== ==BAK et al. DO

—— \MC et al.
llIlllllllllllllllllllllllll

[GeVic]

T
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Fragmentation Functions [ LHcb-CONF-2011-013 |

f. N N(B, =D x")
fd N(Bd — D*K™)

Theoretically cleaner (7%)

Same 4 particle final state

H

b

x T
N(B, =D ")
N(B, =D n")
Additional Exchange Diagram (9%)

More events

(

Is

fd

) — 0.242 & 0.0245%* £ 0.018%** 4 0.016her,
1

- 450
o
g 400 LHCb Preliminary
0 350 Vs = 7TeV
= 300 L~35 pb’
% 250 .
> s-B->Dn
w 200 ——- B:—> Dr
150 --=- Combinatorial
5 -=-B— Dp
SoE
5%00 5200 5400 5600 58

Mass (MeV)

Events/(8)

(%) = 0.249 £ 0.013%%2 + 0.020%¢ + 0.022theer,
d/ 2

HFAG average: f /f; = 0.270+£0.034 LEP: 0.256:0.026 new CDF(La Thuile): 0.269+0.03

140 T T T T T T T T T
120 \ LHCD Preliminary
n 3! Vs = TTeV
100~ B, — D>nT | L85 b
80 i J —— B.—9 D.X
—a—- By Dn
60 s - B,—-Dx
! | —a— Combinatorial
A (L4 LTI — 8- Ay AKX
E. 'l.:-‘ "‘ .-; ) '1‘\ ] 1 —.— B:—, D.p
%3 4 —s— B, D,z
20 ‘ ’» i Lk
0 Yoot L‘ "
5000 5200 5400 5600 5800

Mass (MeV)




Part 3.
Search for New Physics
in CP violation and mixing

*Analysis of B,->J/W K* at LHCDb: A Sparkes

Im A

Early measurements of the decay B,->J/W¢ at LHCb: C Fitzpatrick

*Am, and Am¢ measurements from LHCDb: T Bird

CP violation and lifetime measurement in B.->KK: L Eklund

*B->DK* studies at LHCb: M Whitehead

*Measurement of y-p and A via direct lifetime measurements: M Alexander

‘Model-independent determination of the (DO,DObar) -> K5 | K*K- strong phase
difference and its impact on the measurement of the CKM angle y: C Thomas

P,
16



M. Whitehead, session 1.1

Towards measuring CKM vy C. Thomas, session 1.1

. Tree diagram measurements B=>»Dh and others
— SM value of y

* Loop diagram measurements B=>»hh
— New physics sensitive
 Example Tree Method B=>DK

LHCDb yield: 444 1 30 / 34 pb-"

L 120 LHCb CDF yield: 516 + 37 / fb™
= 100 \I;re:':n \:r:)ary b 0
. s =7 TeV Data S - N
® ok ~ /D
T w0 B+9DO('ITK)K+ B—{l_)_. '\N\J:<E{Do B_{_ MM’<§{ .
% 60 m, = 5278.15 £ 1.57 MeV ' colour-allowed  © ¢ coloTlr—suppre-ssw‘ !
S i o =21.896 + 1.529 MeV -
i 40 Expect to measure y with a
20 p L
IR A i combined precision of ~5°
5200 5400 T, (Mevic) from 2011/2012 data
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New States for Tree y | LHCb-CoNF-2011-018

LHCb-CONF-2011-007
LHCb-CONF-2011-004

* First Observation
BO —_ D+K_7'r+7r_ B — DOK_7T+7T_

$ ;thHCb _| b le.,..; 79 10 — imELHCb _ o Nsignat = LI 3
& R il S it IS oot S DA
) ng . 5&05( | .
Qf:} T % _ﬁfvj - GitL TN S
< 3 T
} 10E
sgoo 5200 muass(lbwc’) 5000
* BRs on other states ] 527 7" 2 s o £ o216
& . — L DOt
@@% y_ U p to SIX B(g(B‘ i Do) ) = 1.26 £ 0.07(stat) 4+ 0.12(syst)
. B(B? — Dfr—ntn™)
traCk f|na| states B D) 2.22 4 0.41(stat) + 0.25(syst)
BA) —» Afr—ntn™)
B = ATr) 1.32 £+ 0.15(stat) 4= 0.14(syst)
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Direct CP violation in B, K-Tr* [ LHCb-CONF-2011-011 |
* Production asymmetry (see also Dhh slide)

— Controlled from

B*->J/WK* (Ap=-0.024+0.016).

* Detector asymmetry

— Magnet up/down with p* and D> K (A;=-0.004£0.004)
Acp(BO — K+7I'_) = —0.074 = 0.033 £+ 0.008 HFAG average:

Acp(B? = 7t K™) = 0.15 £ 0.19 £+ 0.02.

Acp(BY — Ktn—) = —0.09810012
Acp(B° — 17 K~) =0.394+0.17

Gos a Sso
S Ml _Heb _ | 2 E _____ LHCb
§3°° f‘l Preliminary § - Preliminary
S250 | \Vs=7 TeV Data o‘zsof— Vs = 7 TeV Data
s 8, F

g :

W ‘ d

150 :‘

|
100, /
) TR\

S T T

57 58 3.9 5 51 52 53 54 55 58 57 58 [ ]

K'x invariant mass (Gev/c’) K x*invariant mass (GeV/c?)



v@.i/é\ B 2 KtK- “fet'me[ LHCb-CONF-2011-018 |

%) L. Eklund, session 2.1

* Two independent analyses in agreement
— proper-time acceptance from data

-~ 20 T T T T T T T T — 00— T T T T 1T T T T 1T T T T T T T T T T [ T T T T 1T
% Ty = 22 +- 1 MOV/C? 3 ~ LHCb Preliminary, 2010 Data —— Data
; N Ny xx = 301 +-19 . 90" Rt
" Nonea, = 221 417 g 80F —— Signal
=70 0 = -0.0001655 +/- 0.000003 c*/MeV —] - —— Background
n{‘ = 5361 +/~ 2 MeV/c? = 70E
80 = —
60

Tg _xk = 14401 0.096 (stat) ps

LHCb 2010 Data = 40F
Ja=7 TeV -

30F

IIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

50—

20F

105

-t
(~] [~

C 1 —t 4 T YRR R T R B SR A A
A . ! 0 2 4 6 8 10 12 14
S400 5600 5800 Lifetime [ps]

~ measurement of light B, state in absence of New Physics
T(Bs=2K*K")=1.440 + 0.096 (stat) £ 0.010 (syst) [c.f. CDF £0.18]
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Flavour Tagging - B mixing: Am | LHCb-CONF-2011-03 }
LHCb-CONF-2011-10

—

E//ME\ At present, opposite side
CQ{,} o) kaon, lepton,vertex charge
. d\% - " and same-side pion studied
. grimaw vertex o - _ 2
PN ot M <’ Ceff = Ciqg (1- 2w)
Opposite side e g
opposite kaon
) ) tagger (K-)
—
lepton taggers
(e, pr) from b-quark | Flavour Oscillation signal region |
Study in flavour specific calibration channel goer LHCD Preliminary
; 04:_ \'s =7 TeV
. e - 0 -
Current measured tagging power (1.97+0.18)% .. 48kB” — D*“ptup
using OS tagging only -t + pad
-0.2_—
Am,= 0.499 +/- 0.032(stat) +/- 0.03 (syst) ps™'
04— ——
— Measured in Bo=»D-(K*mr1) " B +
— World average 0.507 +/- 0.05 B I S SR B O SRR




{(/g B mixina: /Am LHCb-CONF-2011-005
@—Ls—_

) T. Bird. seSS|on 1.1
’ B D 'IT (primarily), total ~1400 signal events

—Proper-time resolution (50 fs) = h%m% |
—Tagging power - S
| Am, Amplitude scan | :
- |
Ewg— ;an
s Nf v P‘_

25
Am,[ps']

o WANERVAKESIREIEFIESNEIRONI S  (4.60 stat. significance)
-]
@ CDF: Am, = 17.77 + 0.10 (stat) & 0.07 (sys) ps~'
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& Flavour Tagged ¢ |teoconezonor...

C Fitzpatrick, session 1.1

° BS_>J/LIJ¢: Golden Mode for A. Sparkes, session 1.1
BS CP V|O|at|ng phase cl)s /ﬁetime measurements in agreement with PD@

(Bt — JWK) 1.689 + 0.022 (stat.) + 0.047 (syst.) p

(B — JWK*0) 1.512 + 0.032 (stat.) = 0.042 (syst. s,

= )
E [ LHCb; Preliminary | \ (B WK = 1558+ 005 <zt:t.)to.022(yt)pz,
i I Eay VAN B A e it i
: \ N Y
0.4: /// ‘\\ SM :
o.oF 6835 /e N Flavour tagged fit to mass,
o | AN time, and angular
(. = distributions
oof {\ ( %
-0.4f- § : LHCb preliminary
- \\\/ J oy \s=7TeV, L=36 pb"
-0.6F R
:I 1 1 | 11 L1 1 ]’ 1 1 1 L1 1 | 11 :\ ,I-:\l\.‘\
-4 3 -1 0 1 0F Pt 1
b, [rad] - ity
i byt 8
6s € [-27,~05]rad at 68% CL.  § [ i wu\ |
— Excellent prospects for 2011 sample °; ° ; e !!llilil!l

LHCb w/ 2011 data ?



& __CP violation in D-»hh [tk 0oNF o seon |

« DireCt CF) ViOIatiOn DO-)TH"IT-/K"‘K- M. Alexander, session 2.1

— Cancellation of production/detection asymmetries
Apaw(K~K™)* = Acp(K~K™)+Ap(ms) + Ap(D*T)

ARAw(W_W+)* — Acp(7r_7r+)+AD(7rs)+Ap(D*+)
=>ARAw(K_K+)*—ARAw(7r_’ﬂ'+)* = ACP(K_K+)—ACP(7F_7(+)
ACP(KK) — Acp(ﬂ'ﬂ') — (—0275 1+ 0.701 =+ 025)%
— Same technique, extract production asymmetry

Ap(D°) = (—1.08 4 0.32 4 0.12)%.
« LHC pp collider, important for CP violation measurements

« CP violation in D° mixing g T T
- _ A _ "‘5000§ Preliminary _

A — Do KR STD - KERT) - T\ 40764245
(DY — K+K-)+I[(D° — K+K~) .
Method cross-check in KT 2000 _
Afmeff — (2214+4.2) x 1072, 3 -~ E

1 2 ’ Proper4Tlme lpér'l
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Part 4:
Search for New Physics
In rare B Decays

« Search for Bs->D*D," at LHCb: J Mylroie-Smith

25



B

=2 K*u* &B*-)K*p p

« B*=»K*u*u: Most rare
decay yet observed at

LHCDb

— BR ~ 5x10

« By=2>K*u*y: Future-
Sensitive probe of New
Physics with Forward-
Backward Asymmetry

+ CDF .

‘“A v T l L l T L T
A LHCb =
12 ..
% - Preliminary
= 10k \'s =7 TeV Data ]
o - L ~ 36 pb” -
g 8 N o, = 2356
I :
s o | E
I.|>J L <+
4 ‘I -
0' A P Ill ..... I, " : 1. . 1 .-
5200 5400 5600 )
Kw (MeV / c)
Forward-backward asymmetry
» W R R B | lﬁ“V'T_"r rﬁmr
< 1.5F| C=-C5M | e Belle

0 e 4T 18

1618 20
q? [GeV?/cY]



B 9“+“_

| arXiv:1103.2465, PLB |

e —

« Very sensitive to new scalar/

("]

pseudoscalar interactions 2

1

3 .. E
09" =
0.8 =
07 E
0.6 =
0.5 =
0.4 =
0.3F —i
0.1 ) ?’

i T
0 S50
m,, (MeV/c?)

CLs vs BR(Bg>pp)

0.65— Expected upper limit LHCb —f
- N " 3

0_5:_ N\ é——,——’ . -
= N / 68% of toy exp. compatible

0.4 > with expected limit

0.3

0_25_ Observed
- limit

0.1F

0= - - P

B(B—up) [107]

BR(B,—ptu’) <5.6x108

LHCb 37pb-

@ 95% CL

’ ]
0U 100 200 300 400 500 600 700 800 9001000
- M, [GeV/c?]

Chris Parkes

CDF 3.7 fb-1: <4.3x108 @95% CL
SM from Lattice: 3.2 + 0.2 10-°
E. Gamiz et al: Phys.Rev.D 80 (2009) 014503
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Summarx: First Results from LHCDb

* |n this talk:
6 world’s best measurements
6 first observations of decay channels

* 5 new results shown for first time this week

« Competitive Tevatron 150 x less L
*  Will dominate with 2011 sample

Major UK Involvement

LHCD

’."C'b CERN-LHCC-2011-001
29 March 2011 (v2)

A new Era
In Flavour Physics
for the LHCb Upgrade haS begun

The LHCb Caollaboration®

Chris Parkes 28



Backup W/Z

. 16.5pb-1

* NLO theory, uncertainty from NLO &
MSTW2008 90%

W

3

§1ooo LHCD preliminary +

LHCb preliminary

Events /(1)
g = 3

8

N
(=]

%o 80 ' ' ' 100 120 n20 30 40 S50 6020 30 40 5 80

Invariant Mass ( G eV) Lepton transverse momantum {Gav)
| ] | | | ]

Chris Parkes 29



Fragmentation Functions [ LHcb-CONF-2011-013 |

e fd/fs

LHCD Preliminary
Vs = 7TeV
L35 pb”

Events/(16)
8
'|' T

« BsDK 1
—-—- Bd—) DK -
~w- B, Dr .
—=— Combinatorial ]
-«-B— Dp

8 & 8 3

c - - " ‘\
5000 5200 5400 5600 5800
Mass (MeV)

Ja _ 1345 x TBe [NGNFGD“‘ Nok ‘
s B, epk Np.x

~ T N T
Ja 018 x 7B « [NGNFNEGDs D ]
fs B, €pr Np.x

Na NF: non-factorisable corrections, form factors
NE: exchange diagrams

Chris Parkes 30



sSinZ LHCb-CONF-2010-004

Sy kg = 0.5315:39(stat) £ 0.02(syst) .

> G T -
% r  LHCD preliminary ;
E - \s=7TeV L=37pb' 7
> 05 B’ Jhp K, N
< - :
OF — -
0.5 -
1T | | el -

0 2 : 6 8 10

—
=)
N

Chris Parkes !



Production Asxmmetrx

Assume no real CPV in D° = K114, i.e.
ACP(K_'IT+) — O cancel
Then' / cancel
Apaw (K~ 71) Ap(K~ 7))+ AP(DO) /
AR‘Aw(K_Tr'*')t A[)(I&'_ﬂ+) +AD(7rs)+Ap(D*+)
Apaw (K~ K™)* Acp(K~ K1)+ Ap(ws) + Ap(D*T)
= Apaw (K 7") — Apaw (K 77)* + Apaw (K~ KT)* Ap(D") 4+ Acp(K~K™)

... so if we use measurements of D% = K"K* CP asymmetry from
other experiments as input, we can extract D production
asymmetry at LHCb.

A,(D%)

* Use cancellations :
in D->hh X

IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII
l
I

: 11211 2-51l1131I1I3.51Ill4llll4.51111511
Chris Parkes n of D°



Assuming ¢.=0

Wﬁ@ Untagged analysis of B.—»>J/y¢
Iﬁ LHCb-Conf-2011-002

B

-k LHCD preliminary § 35;— HCD preliminary LHCD preliminary
£ aof- VS=TTeV, L=36 pb’ S wb- $=7ToV, L=36 pb' \&=7TaV, L=36 pb'
R, bt :
= 1 2o
TG e BT B |
S Bl
sk I Lo WALSET
sk —g— s +___ \“‘-;_\ 5:—'_ —_— — J'-’.T.."J - ﬁ\
91: _-;J 06 04 02 0 02 04 65 u;c;e: :5'“'-!.\““-11““41)““11”“5“;[:3] T I R S o\;'t
[[Proper time t | oo
@ - - glg. component
S0 LHCD proliminary | € sa.componuns Parameter | Result £ stat. £ syst.
i \Vs=7TeV, L=36 pts' | — — cpoddsiq. componens —
£l Mo[ps '] | 0.679 = 0.036 +0.027

Alg[ps™] 0.077 £0.119 £+ 0.021
|Ag(0)|> | 0.528 & 0.040 + 0.028
A1 (0)]> | 0.263 +0.056 4 0.014

ey Ll L CDF note 10206, L = 5.2 b1
preprime e AT = (0.075 4+ 0.035 + 0.010) ps—!
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Polarization amplitudes for B’—>J/yK*
LHCb-Conf-2011-002

« Angular analysis = angular acceptance taken from MC simulation
« 3dim. background from sidebands (important: S/B ~ 3.5).

« Add non-res. Kn component (S-wave) to signal PDF: 5+2 %

(3” [ 1’&1(1]
d | rad

—2.87 £ 0.11 £0.10
3.02+ 0.10 4 0.07

X — T I A R = N o — e
= LHCS Prefminary —mowow 3 & L LHCb Prefiminary — St ot = "E LHCE Prefiminary — ot ol
< 800 57 Tev. L2 30 g e [ 8 goof ¥3=7TeV.L-3pb" ool - B00F Vs =7TeV.L=36b" ot
2 50 el I 0 et
A7 F | = - ;
40 \Yf:.#a:_*___?_ — = 3 c 400 f_*-_;,‘_tl-zp j—l‘F‘_‘_‘*\__\ 7
N0-— 2 ®aE P
. I B S
100 T T S wol-— 3 P
e — " e 05. —r—— I ——— —
0.5 0 0.5 1 2 0 2
cos 8 ¢ [rad] CoSs v
Parameter = LHCb result (preliminary) BaBar PRD 76, 031002 Systematics:
|A|| |4 0.252 £+ 0.020 4 0.016 0.211 £ 0.010 = 0.006 | S-wave '
A} |2 0.178 £ 0.022 £ 0.017 0.233 + 0.010 £ 0.005

—2.93 £ 0.08 = 0.04
2.91 +£0.05 +0.03

« Background
» Angular accept.

+ Good agreement with previous measurements (here: BABAR)
* Not yet competitive!
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What about the flavour specific asymmetry measured at DO?

—0 = —o \
F@%{? or quf}r@;’ or Bq%f< aj’,s=1m{ I }

aj o A7 (1) = — — — M
rv’or B,— f pIrB or B, = f =
%‘1 q } ‘6" B @ )" =-(6.0=1.1)x10"
D0 measurement using bb>uuX events: (a;jM _ (2-1 . O.4)x 10~

A =N =V (0.494)5 4+ (0.506 )",
N™+N

s ysing b-fact - ~ 2 O
@) — —(1.46£0.75)x10
Inclusive method using bb—>uuX is difficult at LHCb due to the ~10-? production (pp
collider) and detector asymmetry.
More promising looks fitting simultaneously the e
production asymmetry using the exclusive method
either with B;>Dt decays, or using the B, and B

semileptonic decays and subtracting them, such that 0
the detector asymmetry cancels and we are left with:

-0.01F

Stat. Error 100pb" 1fb" 4.

s d
a, —d -
AL =Ll g s(Dym)  2x102 6.8x103 0 NS

B d=
AAi (Dguv) 2x102% 6.3 x10 Mfagt=sm -

-0.04-0.03-0.02-0.01 0 0.01

d
asl



