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%3 The LHCb detector

DN
Heavy quarks
at LHCb
Markward .
Britsoh optimized for
b-physics

Introduction

excellent also for

charm physics
. unique kinematic
' range: 2 < n < 5,
downto pr =0

@ excellent vertex resolution (VELO)
@ particle identification (RICH: 7/K/p, ECAL: e/~, MUON)

@ trigger: LO (HCAL,ECAL,MUON: high pr e/y/hadron/pu)
HLT1 (s/w: LO confirmation + impact parameter cuts)
HLT2 (software: global event reconstr. & selection)
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%f LHCb and heavy quark physics
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Heavy quarks
at LHCb

Markward
Britsch

@ LHCb physics program:
precise measurements of CP violation and rare decays
@ with first data measure for charm & beauty:

e first CP violation and rare decay measurements
e cross sections and polarizations

e fragmentation fractions

e look for/confirm new resonances

e tune MC generators

@ this talk covers these subjects

Introduction
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Open charm

Markward Britsch (MPIK)

Open charm cross sections

@ prompt! open charm production in bins of transverse
momentum pr < 8 GeV/c, rapidity 2 < y < 4.5

@ 1.8 nb~", micro bias trigger (VELO track segment,
100 % efficient)

@ secondary charm: D from decay of long-lived particles

@ secondary fraction from D impact parameter (/P)

distribution - : . . . ;
£ 300F — 2010 Data * LHCb E
£ F_ ) Preliminary 3
P § 250F Total fit Vs=7TeVData o
D “‘200:_~~DfromB E
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oF —— IRy .
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'direct and via non-weak decays
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—._  Results for D° - K—n* + cc
NS

0 .
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0k 1.8nb~" ] data: 12 % correlated
—@— LHCb Preliminar
1 F —— Pythia(LHCb er) error nOt ShOWn
--=-=-BAKetal BAK et al.: B. A. Kniehl, G. Kramer,
10t f —Meeta 4 | Schienbein, H. Spiesberger
0 1 2 3 MC et al.: M. Cacciari, S. Frixione,

p6[GeV/c] M. Mangano, M. Nason, G. Ridolf
-
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-
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_._ Results for D" — 7t D°(K—7*) + cc
NS

Heavy quarks D +C. C Cross- SeCtIOﬂ
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Markward = R
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Open charm

Results for D — ¢(K-K*)n™ + cc

D +c C. cross-section Dg+c.c. cross-section
g : T T ‘ ‘ : ‘
10 = LHCD,\s=7 TeV i LHCb,\s=7 Tev |
F 2.0<y<45 0<p, <8 GeVic
? —1 ] 10 = 173
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D*/ D cross
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T
inary 2010

section ratio

1 consistent with (PDG):

1 combining all modes:

o
L o 4N w s o o ~

+

0(0) Polynomial

//DuF 5717,

£ fit:

=2.3220.27 (stat) =0.26 (syst)

: f(c»D") _

pr <8GeV/ic,2 <y <4.5:

B 3

2 5 3
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1§ o(pp — Hc)y = 1234 +189ub
wed extrap.: o(pp — ¢C)4, = 6100 +934b

Heavy quarks at LHCb 2011-2-17 11/34



0 Introduction
e Open charm cross sections
© aquarkonia

Q Beauty: cross section and b-hadron fractions

e Summary



W3 ) arkonia: 4(28), X(3872)

Heavy quarks
at LHCb

i

28) — ,,L e prompt J/lb(1 S)

o ~
Markward S 2500 1 £ s000F
. ] L~ 600 nb!
Britsch = %-‘ (2 S)
2 20008 W = r
2 % 9 4000F
% 1500 & ¥ ‘g [
1 [}
>
1000f- 1 LW 3000)
q LHCb
Quarkonia Preliminary
5001 \5=7TeV Data | r
2000

. . .
3500 3600 3700 3800
m(u*y) (MeVic?]

LHCb m(wzsn 3685.9+ 0.1 MeVic?

L imi =26+ 0.1 MeVic?
1000 - Erfllg\llr;:;y N(m(ZS)) 2991+ 101 '_

o ¥(28) yields 2% of J/p(1S)  f7 EEEEETT
’ 3600 3700 3800 3900
(Stefano De Capua’s talk) M ¢ ) [MeVic?]
@ but: easier to interpret
(direct production dominates) @ measure X(3872) mass
@ measure differential cross @ cross section relative to
section, polarization ¥(25)
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B\
Heawauaks g sensitivity to y.1(1P) and Yo — J/(18)y
vaiward X c2(2P), if mass res. fixed Tl TR
Britsch . . 2 000 L~2 pb-! ;0 ; Sackground
@ cross SeCtlon ratlo to J/11ZJ(1 S) E 800 W “fw‘ku ez gessien
H H 2 4 i T i, o
and o(xc1)/0(xce) inbinsof  § =
J/'IIZ) p'[‘ (prompt and from b) ".»' 5“ \ LHCb Preliminary
Quarkonia -

@ — important to interprete e st
inclusive J/v(1S) correctly

P ====—1 exclusive quarkonia production:

& o 12p0" 3 e we see: J/y(1S) — photon

§ pP2J/Y (muypp fusi

s °F — Assuming equal %, 3 pomeron usion

5 4F Xe1 Xz Production 3

i Mﬁ Py @ wesee: xc — J/Y(1S)y -
O double pomeron fusion
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Heavy quarks

+,,- —1 +o— —1
at LHCb T—pu pu,4nb T—e"e,1nb
Markward 200~
Britsch 180— LHCb
LHeb 1S)=9455.9+ 1.2 MeVic? i Preliminary
Preliminary mean (15)=9455.9+ 1.2 MeVic get \s =7 TeV Data
o S=7TeV G (15)= (46.8+1.2) MeVic i
2 Nyjgna (15) = 315978 1nb—1
2 L~4pb’ N,ignal (25) = 789148 120~
= Nqigna (35) = 405+ 39 100=
u C
Quarkonia 2 8o
£ 60—
h-]
T 40—
E £
i) 200 7
o LT Ny |
7 75 8 85 9 95 10 105 11 115 12
. L . | i el | e'e” mass, GeV/c?
8500 9000 9500 10000 10500 11000 11500 12000
M(uw*) (MeVic?)
@ measure

e cross section times B(T — u*u~) in pr and/or y
o ratio of cross section between different T states
@ polarization
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e Beauty: cross section and b-hadron fractions
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X b cross section

‘\\\\\
Lt @ using detached J/v¢(1S) (see Stefano’s talk)
Markward @ in the following: using inclusive semileptonic decays:

Britsch b — D°Xu~ 7, (D° — K~71) and charge conjugate (cc)

@ estimate background prompt D separated by its /P

@ estimate long lived background from wrong sign events
D°%* and cc

@ measure cross section as function of pseudo rapidity
n=—In(tan §)

@ using 15 nb~': Phys. Letters B 694 (2010) 209

@ similar: using B® — D*~ v X (LHCb-CONF-2010-012)

vl

P/
W ‘ D beam

Beauty

~—~ >

o
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;\%\\i_“ b cross section, b — D°X =5, (D° — K—7t)

50

Heavy quarks
atLHee data (stat. error only): a
Markward . . .
Britsch micro bias triggered (x) do
m
2.9 nb*1 (ub) 20
u-triggered (o) o
12.2nb~" .
Beauty aVerage (+) 2 3 41] 5 6

@ comparison with:
e MCFM: NLO with @ PDF MSTW8NL (attp: //netn. £na1.gov/)
° : CTEQ6.5 PDF, NLO with next to leading log
correction, includes b-hadronization (cacciari et a)
@ integrated cross section:
e o(pp — Hp), =(75.3+£5.4+£13.0)ubin2<n<6
agrees with other results
o o(pp — bb)s, = (284 £ 20 + 49)ub in 47
e LEP fragmentation fractions used (+19 % if Tevatron f;)

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 18/34



_.. b-hadronization fractions

N\
Lt e fragmentation fractions are important, see above
Markward @ to measure absolute branching fractions of Bg, use
ritsc . . —0
normalization by B + B~ decays — need -

@ method similar to above, now using final states
D°Xu~ o, DY Xpu~ o, DEXpu~ v

ety ° E%ing dominaEB semileptonic decay modes, e.g.:
B, — Df...,B — DC...,correct for , e.9.,

@ correct for D & B branching ratios (I's.(Bs) = I'sL(By/q))

@ use 3 pb~1, u-trigger

fi _ N(B) _ n(By—DXup) T +Tp
—_———
http://indico.cern.ch/getFile.py/access? B branching

contribId=4&sessionld=0&resId=3smaterialld=slides&confId=111524 . h
ratio correction
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—.. Bl D°K*Xu 7,3 pb

70 _
il Crossfeedfor B — Do Xy

Markward B — DOX,U, U through B —> DSJX,U, I/ DSJ —> D0K+X

Britsch

3 25 N(D (2536) )_ 24.4 + 55
=S [1, <23 Mev N(D_,(2573)") = 22.3+ 7.8
o = mﬂ(Dsz(2573)*) = 2561= 11 MeV
T 20 S I(D_(2573)") = 26.2 9.4 MeV
Ny [
2 : o DOK+ LHCb
Beauty c 15 ..
- e WS Kaon: D’K-  Preliminary
w F + \s =7 TeV Data
10 — 3pb~
D,(2536) — D*(2007)° K* | F
missed ni° or y 5
C P !

B S L
2300 2400 2500 2600 2700 2800
M(D°K)—M(D°)+m(D°)PDG (MeV)

D@ observed Bs — Dg1(2536) " ut 7, Dg1(2536)T — D*+K°
(PRL 102 051801)
Bs — Ds>(2573)" " unseen before, confirm w/ more data
Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17 20/34
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sy
—— B.— D°K*Xu 7,20 pb!

DN
H ks - F T T T T
e:;/ {g(u:z;r ° E 160F- N(D,(2536)") = 155 = 15
. E N(D_(2573)") = 8216
Markward using 20 pb_1 ° 1405 | m,(D_y(2573)") = 2569.6 = 1.5 MeV
Britsch 8 30_ significance fOf' = 120:— I(D_(2573)") = 14.0 = 4.0 MeV
: 2 100F
XS o LHCb
Bs — Dgp(2573)" Xp Ve af Preliminary
Discovery! sof- Vs =7TeV Data
arXiv:1102.0348, “oF
Beauty . 20F
submitted to j: ; : s sz
PhyS Lett. B 2300 2400 2500 2600 2700 2800

M(D"K)—M(D°)+m(D°)PDG (MeV)

B(Bs = Dig Xu™0) _ et 044 4 0.05

B(Bs — D} Xut7)

and together with yield from 3 pb~':

B(Bs—D Xp*7) 0 . 0
“a(E Nt (5:3+1.2+04) %, (DO: = (9.8+3.0) %)
i) = (32£1.0+04) %
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—.. Resulton —-

Heavy duarks ,+ =0.1304+0.004 £0.013
Markward LEP: 0.129 + 0.012
Britsch Tevatron: 0.18 + 0.03 (higher pr threshold, different cross
feed treatment)
° Eg — DOK+ X~ most important correction
@ largest systematics: due to this correction and
charm branching ratios’ error
@ most systematics cancel in ratio

% [ LHCb ' ——
%ma Preliminary b

hed \s= 7TeVDala

0.16 Spb_ -

s . . 014 ‘_L ++<I— 1
within statistical errors Tt

ol T I"{"'t" - l 4
fs :
77, constantin 7 T

Beauty

1
5
n
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dN/dn (Arbitrary units)

dn

- T T T T T ]
014 LHCb =
012~ + Preliminary A
- "}"{' + Vs=7TevData ]
0.1 ++ 3pb =
0.08— —4— -
0.06F- —— E
0.04;— e b—>D"Xuv —;
0‘02:_ FONLL p—l—-LE

o ——
n

@ background subtracted

@ errors: statistical and uncorrelated systematics
(correlated errors not negligible)

Markward Britsch (MPIK)
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%_“ Observation of the decay B2 — J/vf,(980)

Heawyquarks  @rXivi1102. 0206 Submltted to Phy3|cs Letters B

at LHCb P T T T . —
E — E 1 3
Markward asf Vs =7TeVData m(J/l/MT u ), 35F-\5 =7 TeV Data 33pb E

Britsch %of £,(980)

Events/(5 MeV)
»
]

£(1370) 3

a3pbt AT e

———————

Beauty 52'00 —

N ) (Mev) w00 di-p trigger w0 800 m(;ll‘;f) (Me;,z)oo m( ﬂP ),
2 ' \m(J/¢rr) — mg,| <
£ ol 30 MeV
20 : CP violation analysis on
Ry ™ Bs — J/v¢ needs angular analysis

M(Bs—J/%(980),h—ntn—) +0.046+0.027
Rfo/¢> r(Bs_>J/°¢¢ ¢—>7(+K ) = 0.252 —0.032-0.033

@ predictions between 0.07 and 0.5 (arxiv:1009.4939]
@ CP analysis
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F LHCb
- Preliminary
F\s=7TevData
Markward F35pb~!

Britsch

Events/ (0.0225 GeV/c?)
3 8

T

Fys=

Events / (0.0225 Gdv/c?)
3
8

- Preliminary
7TeV Data

Beauty LHCb

250f- Preliminary
5 =7TeV Data

E 34pb—!

b J/o

0 O gyentsismevic?

m

145 150

m(m)n
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300F T T

T T
+ ©03ps

Ny = 877 31,59

60
50
a0
30
20
10

o

- (MeVITh)

5= 7.28 + 0.2 MeV/C

E Preliminary
& =7TeV Data L =33 pb’

Naig

i

t>03p8
=1100:37

~0aMeve?

-LHL50' - J//L/)KQO

0

...and more heavy quark physics

Tight cuts loose
1/3 of events

K+

Flavour Oscilla

nal region

LHCb Preliminary
Vs=7Tev

1.9pb~"!

Asymmetry in tag

L
89 1
proper time (ps)

» A AN
® AY XAV AZAN
2, fLhe

2100 prefiminary E
2 [ =7 movouaL s’

< t>03ps

° Ny = 2262 18 ]

o
5100 5200

Mass of 3

0

2|

Events/(100 Mevic?)

B, <Ky
LHCb Preliminary

V4
u,\,_}‘: 205 JasMevict

0,291+ 08 MeVIc*

5400 5500 5600 5700 5800
Mass of A, — J/y A (MeV/c?)
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_.. Summary and outlook

Heavy quarks

at LHCb @ many analyses on heavy flavor ongoing at LHCb

M heavy flavor cross sections agree with predictions
o(pp — ¢C)ar = (6100 £ 934)ub

o(pp — bb)ay = (284 + 20 + 49)ub

fS p—
ir — 0-130+£0.004 £ 0.013

discovered and measured relative B: Bs — Dy Xp'i
@ discovered and measured Ry, /,: Bs — J/11(980)

Summary

Ongoing work:
@ open charm update using 14 nb~', including A¢
@ quarkonia analyses

, . f
@ use semileptonics to measure fuf\%m
@ beauty and charm CP violation & rare decays analyses
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~ Open charm cross sections: raw yields
- C© D
N\
@ T T T T T &;‘ T T T T T
Heavy quarks 3 S0f LHCb preliminary 2010 ~ 13 [ LHCb preliminary 2010 ~ 1
at LHCb = \5=7 Tev Mo o] = \E=7 Tev Moz a1 .
~ - 4 +# 0, =8.39 0.15 MeV/c’ ] % 00l 0,,=7.85: 0.13 Mevic®
Markward g 1.8 nb £ oo
Britsch J
0
backup slides 600
a0
200
R R R R R R
m(KT + c.c.) (MeV/c) MK T +c.c.) (MeV/c)

D—>K7r +cC

D" —» K- 7*n" +cc

¢ ™ G w
3 of LHCb prehmlnary 2010 s 11724 44 4 3 wf LHCb prellmmary 20101 Nue' 331421
s = o * s = - " 2
S wf V7TV ; O 078003MeVIT] = o VST TEV 1.8 nb 0, = 5.89+ 0.35 MeV/c?
s ,E 1.8nb ER]
3 S 120f N,=218:18
£ of Eln- 0, = 5.80 + 0.44 MeV/c®
+ 100 |-

sof 3

w0 * E

of by ]

2 3

A,
10E
L L L * L * ’
G40 02 [ 3 ) 150 150 850 190 %50 2000 2050

Markward Britsch (MPIK)

m(D(K Te)e)-m(DYK T¢)) + c.c. (MeV/c)
— 7t DY(K=nt) + cc

Heavy quarks at LHCb

m(@K KTt +c.c.) (Mev/c)
D — K-K*tnt +cc
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Open charm: Systematic errors — varying with

analysis

Correlated systematic errors:
@ luminosity determination: 10 %
@ tracking efficiency: correlated 3 % per track
@ branching ratio error: 1.310 5.8 %
@ peaking background: 0to 1.6 %
Uncorrelated systematic errors:
@ cut efficiency correction: 3.4 10 5.4 %
@ MC statistics: 1 to 10% (high value only at edges)
@ PID efficiency correction: 1t0 10 %
@ prompt secondary subtraction: 2 to 4.1 %
@ fit procedure: 110 4.5 %

Markward Britsch (MPIK) Heavy quarks at LHCb 2011-2-17
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%&f Open charm: theory

Heavy quarks
at LHCb

MBfisch @ BAK et al.: B. A. Kniehl, G. Kramer, |. Schienbein, H.
Spiesberger
@ CTEQ 6.5c0 PDFs
e quark to hadron transition probabilities: [T.Ketsch et al.,
Nucl. Phys. B799 (2008) 34-59]

@ MC et al.: M. Cacciari, S. Frixione, M. Mangano, M.
Nason, G. Ridolf
@ CTEQ 6.6 PDFs
o estimated error due to charm quark mass and
renormalization and factorization scale
e we included: quark to hadron transition probabilities as
quoted by DPG from e e~ colliders close to T(4S)

backup slides
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RS

Signal=28474+1907%,)

772

Prompt=773

+44

Sideb.=1776+33

WS

Signal=422+43
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