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LHC at CERN
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LHC at CERN

Two general purpose experiments (ATLAS and CMS), one - &%=
dedicated b-experiment (LHCb), and one dedicated heavy ion
experiment (ALICS) from the beginning.
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LHC running, LHCb collecting data
« November 2009, Vs = 900 GeV collisions took place
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231 November 2009

* First collisions took place at LHC
e 2009 run: [Ldr=7 ub’l, at Vs = 900 GeV
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One of the first event K cross sections
to be published in PLB
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LHC running, LHCDb collecting data

e November 2009, vs = 900 GeV collisions took place
e Since March 2010, running at Vs = 7 TeV
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Impressive progress in L

Peak luminosity
already ~103'cm™2s™!

Integrated luminosity
already ~3 pb™!

Peak Instantaneous Lumi over Time at 3.5 TeV | [2010-08-29 06:00:09]| LHCb Integrated Lumi over Time at 3.5 TeV | [2010-08-29 06:00:09]

Peak Instantaneous Luminosity (Hz/ub)
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LHC running, LHCDb collecting data
e November 2009, vs = 900 GeV collisions took place

e Since March 2010, running at

— 1 e =10 & already
—pfF=35m < nominal
— Npynen, = 40 < nomina

Vs =7 TeV

nominal value

| 0.55 m for 10°* cm™2s71
| = 2808

— L=1x10°"cm™?s! < nominal

=103 cm™2s™!

— Experiments >90% DAQ efficiencies
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LLHCb Detector

Outer & Inner
Tracker

<€— Muon System

Trigger Tracker g DR

Calorimeters

Vertex Locator

Magnet
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Quick reminder for LHCDb

LHCDb i1s a forward spectrometer dedicated for flavour physics

M
M2

S5m — SPD/PS HCAL

Magnet

........

Vertex
Locator

—5m

10m

b
Both b and b are in the spectrometer.
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Quick reminder for LHCb

Forward: p, threshold can be set low: — high b efficiency

For triggering.... p>p...
muon: identification hadron: energy resolution

P <pmin

= 0p/E = VI0%NE

P >pmin
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Quick reminder for LHCb

Forward: p, threshold can be set low: — high b efficiency

For triggering.... p>p...
muon: identification hadron: energy resolution

P <pmin

= 0p/E = VI0%NE
p > p min
central detector forward detector
I |
/‘ P =DPL >p min
{ P=DPr>Puin *H
p > < p p > < p
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Quick reminder for LHCDb

Can exploit low p particles to trigger more b-hadron events

R A o S O, expected in pp collisions at
Vs=14TeV: 500ub

5%10'"! bb pairs in 107 s with
L=102?cm2s!

[\

pT of B-hadron
>
[
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1 clecc b b b
-2 0 2 4 6

eta of B-hadron
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LHCDb 0,; measurements

b detection from b—D(K n*)u X

Inclusive D:
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LHCDb 0,; measurements
b detection from b—D(K n*)u X

—
Inclusive D: : .
dominated by the prompt production 190 Prompt ¢ Prefiminary. |
< IR TR . | \'s = 7 TeV Data |
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IP(D from b—D) > IP (prompt D)
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LHCDb 0,; measurements

b detection from b—D(K nH)u X

Adding w with a right sign enhances D from b:

e.g. B—=DY(—=K n")u™X [B—D%—K*n")u X only through DCSD]
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LHCDb 0,; measurements
b detection from b—D(K n*)u X

Adding w with a right sign enhances D from b:
e.g. B—D(—KtH)u X [B—D%—K*x)u X only through DCSD]

with right sign muons with wrong sign muons
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LHCDb 0,; measurements
b detection from b—D(K nH)u X

[L dt=25nb! data
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LHCDb 0,; measurements
b detection from b—J/pX
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Clean u*u™ mass distribution
with [L dz = 14 nb™! data
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LHCDb 0,; measurements

b detection from b—J/pX

proper time distribution of J/
prompt J/a

CPV from B factories to Tevatron and LHCb, Sendai, Japan, 1-2.9.2010

T. Nakada
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LHCDb 0,; measurements
b detection from b—J/pX

proper time distribution of J/

prompt J/4 with detector
resolution

JAp from b

negative proper time important for studying resolution
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LHCDb 0,; measurements

b detection from b—J/pX
proper time distribution of J/ combinatorial
prompt JA with detector background
resolution with
prompt tracks
and b tracks

JAp from b

negative proper time important for studying resolution
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LHCDb 0,; measurements

b detection from b—J/pX

Proper time distribution with [L df = 14 nb™! data

L =14.2 nb™! Jiy from b
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LHCDb 0,; measurements
LHCb o,z from b—D°uX and —J/pX

Du —o—t 2<n <6
LEP frag fractions Jy I +———+ 4
(77.4+4.0+11.4) ub  Average | —o—
D° Tl I +—@—+
Tevatron frag fractions )y } ——i
(88.3+4.5+13.0) ub  Average ; +@
Theory MCFM ¢
NFMR
0 20 40 60 80 100 120

o(H,/2) (ub)
O, in 47 =292 + 15 + 43 ub (with LEP B /B /B /A,)

—agree with the Pythia used for the performance studies
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LHC running, LHCDb collecting data

e November 2009, vs = 900 GeV collisions took place
e Since March 2010, running at Vs =7 TeV

— 1 e =10 < already nominal value
—f*=35m < nominal 0.55 m for 10°* cm™s™!
— Npynen = 40 < nominal = 2808

— L=1x10°"cm™s™! < nominal = 103 cm™s™!

— Experiments >90% DAQ eftficiencies

— Current plan for this year
Nyuncn = 40 steadily increased to 384

L=10 cm™s = 10 cm™s™! (~0.2 pb~!/10h fill)
e 2011: /L dr=1 fb™! goal to be achieved by running
with a slight improvement (~2 in the luminosity) by
further decreasing £* and/or increasing the number
of bunches.
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LHCb how about B,.—J/¢?

Nc\, [ LHC_b . bkgd_yield = 421854 + 849 E
%1 0000 [ Prehmmary peak_yield = 135140« 658 | _|
= [ \s=7 TeV Data ]
S5 o —
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g _ i
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c »
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Nice ¢ with kaon
1dentification
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LHCb how about B —>J/1p(])‘7

— T T T
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¢ 1s also used to calibrate PID
with one kaon 1dentified
NB: flavour-tag with kaons
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LHCb how about B,.—J/¢?
B, —J/p¢ candidates with [L df = 140 nb~! data

LHCb
Preliminary
V& =7 TeV Data

nnnnnnnnnnnnnnnnnnn
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LHCb how about B,.—J/¢?
B, —J/p¢ candidates with [L df = 140 nb~! data

e
i § °F LHCb -
; - Preliminary Noygnu =7 = 4
® 5 Ve=7TeVData
P
sE
note: without J mass constraint | - '.\
e B 2 N T
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L N
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LHCb how about B,.—J/¢?
1o error for CPV in B,—J/p¢
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LHCb how about B,.—uru™?

Of course we see currently no serious background, but

can validate analysis method with data by comparing
with MC; — They agree well!

------------------------
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can validate analysis method with data by compar

with MC; — They agree well! ®

LHCb how about B,.—uru™?

Of course we see currently no serious background, but
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LHCb how about B,—K*utu=?

With 1 fb™! LHCb expects 1200 events

02 4.0c SM exclusion

_02‘ NI BaBar

R
<
) LHCb expected
—0.4 S o188 yr the b e L 2 2 2
Y Y Y { A.u[., b — ': .....
—0.6 i P
—08 2 4 6 8
¢*(GeV?)

If the current BABAR and Belle results are correct, LHCb
could exclude SM prediction with 40 significance
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LHCDb how about B—hh?
B,—K*n" candidates with L dr = 122 nb™! data

u= 5279+0.014 GeV/c?

G = 0.042 +0.010 GeV/c>
N_sig= 15.1+4.3

-
i o8

LHCb
Preliminary

\'s = 7 TeV Data

—
=)

IIIIIIIIIIIIIIIIIIIIIIIII

Events / (0.06 GeV/c?)
N

4 .
2 —&——= e $ & @&
0 n | ‘ 1 1 L l 1 1 1 | l | b L 1 l | 1 1 1 l b 1 1 1 l | | b L
5 5.1 5.2 53 54 55 56
m,. (GeV/c?)

PID, IP, vertex, pr cuts

Agrees with the MC performance expectation of ~16
With 1 tb-1 data, >100k events!
similar improvements for all the other B—hh modes
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LHCb how about charm physics?
Huge number of charms can be detected with LHCb

Initial flavour tagged DY decays:
D*+—>DOTIZ+ D

K+K W1th 124 nb data

< 350 < 600
o LHCb + o
E, 300F Preliminary Mg = 19012412 = 50b
- NSO Mass o = 8.067 + 0.167 MeV/c uE,
= S 400
8 ~
5 é 300
W =
w 200

N =1931+ 112

signal

Mass ¢ = 0.58 + 0.06 MeV/c?

LHCb
Preliminary
\s =7 TeV Data

0 2 2 2 2 2 2 2 2 2
1800 1850 1900
my, (MeVic?)

CPV from B factories to Tevatron and LHCb, Sendai, Japan, 1-2.9.2010
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LHCb how about charm physics?

Huge number of charms can be detected with LHCb
Initial flavour tagged DY decays:

*+ 5 TY0r+ — K+
D D n D K K W1th 124 nb data
&;‘350 LHCb' < 600 7
— (&)
> 300F Preli + Nyjgn = 1931 112 > Nyignat = 1931+ 112
= reliminary > 500 na
E - \s = 7 TeV Data = Mass 6 = 0.58 + 0.06 MeV/c?

n
e S 400 LHCb
@ 200 = lirellmlnary
'E @ 300 \'s =7 TeV Data
: -
o 150 S -

100
100
50
o 2 2 2 2 2 2 2 2 2 2 2 2 2
0 EE—— EE— — 140 145 150 155 160
1800 1850 1900 . Mo e (M ewc‘i)
m (MeV/c?) (K

Huge statistics to study CPV from the decay time
distribution between DO and DY—K+K"~, well before
reaching 1 fb™! (~15x10° events)
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LHCb how about charm physics?

Huge number of charms can be detected with LHCb

Initial flavour tagged DY decays:
D**—Dx*, DV—=K*K~ with 124 nb™! data

w
(3]
o

»
o
(=]

< 1l N — T B S e S S
O LHCb + o _ |
= 300 Preliminary Nyjgna) = 1931 112 = . Nignas = 1931+ 112
E - \'s = 7 TeV Data = Mass ¢ = 0.58 + 0.06 MeV/c?
= g 400 LHCb
@ 200 =~ Preliminary
5 g 300 \s =7 TeV Data
= e
o 150 =
w 200
100
100
50
0 o 2 s 1 s 2 1 4 4 4 2 1 . 42 . .1
1800 1850 1900 140 145 150 155 160

my, (MeVic?) Mk, ~ Mk (MeV/c)

Huge statistics to study CPV: comparing the decay
time distribution between D—x*K™ and DY—K*K",
comparing the DY and D'—K*K",

well before reaching 1 fb™! (~15x10° events)
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LHCb how about charm physics?
Huge number of charms can be detected with LHCb

Other interesting DY decays: with 124 nb™! data

(r : L L] L] T l l
© %F LHcb
2 B80F Preliminary Nygoa = 635 + 38
E 70E- Vs =7 TeV Data BT
< 60
o
2 50 /
£ 40
w .
30 '. +
20E4 ,
of T4t it bt
o A A L L 1 2 2 M 2 -& N .
1800 1850 1900
m,, (MeV/c?)

Initial flavour tagged
D—=natm
CPYV study with
~5%10° events (1 fb71)
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LHCb how about charm physics?

Huge number of charms can be detected with LHCb
Other interesting DY decays: with 124 nb™! data

© F LHcb o ' T a0of ' " LHCb 3
o B80F Preliminary + Nogna =033+ 38 E 350 Preliminary_z
g 70F- \Vs=7TeVData Memo=118:0 M"Y 1 300 \iige;7:;\ig:ta =
E ::: 0 g 250
b= a0 4 é’ 200
- : | c 150
30% ' + w
20EL / 100
10 . % 1 t = 50
1800 1850 1900 0 5 10
m,, (MeV/c?) m(D° ©*) - m(D°%) - m(x*) (MeV/c?)
Initial flavour tagged Initial flavour tagged
D—mtn” D—=Kmtmn”
CPV study with Bench mark for yq¢y With

~5%10° events (1 fb™1) B—DK Dalitz method
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Current situation with a; ?

-0.01

- @Do A,
-0.02 -« Standard Model
- — B Factory W.A.
- B DO B.—D, uX

1
IIIIIIIIIllllllllllllllllllllll

-0.04-0.03-0.02-0.01 0 0.01
a

-0.03

d
sl
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LHCDb how about a’y; ?

How to deal with
-possible B.?/ B .? production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073
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LHCDb how about a’y; ?
How to deal with

-possible B.?/ B .? production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...
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LHCDb how about a’y; ?

How to deal with
-possible B.?/ B .? production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...
Time dependent B, decay asymmetry

D (K*K™*)x” vs D, (K K 7tt)st?
production or detection asymmetry from data
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LHCDb how about a’y; ?

How to deal with
-possible B.?/ B .? production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...

Time dependent B, decay asymmetry
D (K*K™*)x” vs D, (K K 7tt)st?
production or detection asymmetry from data

B, and B, time depended CP asymmetries from the same final

ftates 1.€.
B,—D*(K*Kn*)u X - c.c. and B D HKKmH)u X - c.c.
difference depends only on a’y; — a%;
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LHCDb how about a’y; ?

D+ — K*K™n* and D,;* = K*K t*

with 124 nb™! data
(\1-\ 1 T T T T 1 T L] 1 -

§’ 700 LHCb

o Preliminary
= 600 \/s = 7 TeV Data
S_r« D* yield 2231+ 60
; 500 D; yield 1909+ 58
S 400

whd

c

W 300

200

100

CPV from B factories to Tevatron and LHCb, Sendai, Japan, 1-2.9.2010

.1900. . .2000-
m(K K* *) (MeV/c?)
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LHCDb how about a’y; ?

D+ — K*K-r* and D,* — K*K™rt*
with 124 nb~! data

Entries / (4 MeV/c?)

CPV from B factories to Tevatron and LHCb, Sendai, Japan, 1-2.9.2010

| v 1 v 1 v

700 LHCb
Preliminary

600 \s = 7 TeV Data

D* yield 2231+ 60

500 D;‘ yield 1909 + 58

400

300

200

100

) 1800. — .1900. . .2000-
m(K K* %) (MeV/c?)

Expected
statistical errors on

- S — ~d
Ag = a°qp — ag)

6.3x10™
with 1 fb™! of data

Systematic errors still to be investigated
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LHCDb how about a’y; ?
LHCb expected performance with 1 fb~! data

assuming Ag; (LHCb measured) =

-0.01°¢

-0.02F

-0.03

CPV from B factories to Tevatron and LHCb, Sendai, Japan, 1-2.9.2010

AP, (DO now)

[ LHCb MC
- @ -1fb1

4
lllllllllllllllllll

factories

T. Nakada

47



Conclusions
e LHC has made a successful start at Vs = 7 TeV
 LHCD 1s taking data with >90% etficiency
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Conclusions
e LHC has made a successful start at Vs = 7 TeV

 LHCD 1s taking data with >90% efficiency

e LHCDb starts to reconstruct b-hadrons and measured
O, In pp Interactions at Vs =7 TeV

 LHCDb data shows that they agree well with the MC
expectations of the detector performance
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Conclusions

LHC has made a successful start at Vs = 7 TeV

LHCD 1s taking data with >90% efficiency

[LHCDb starts to reconstruct b-hadrons and measured
Oy, 1n pp interactions at Vs =7 TeV

LHCDb data shows that they agree well with the MC
expectations of the detector performance

LHC luminosity is expected to reach ~10%?, i.e. the

designed luminosity for LHCb, and collect 1 fb™! of

data by the end of 2011: significant results can be

expected from LHCDb for B.—=J/ ¢, —=utu,
B,—JpK*, CPV in charm, and others

In 2013, LHC will start at v = 14 TeV; LHCb,
YCKM> photon polarization in b—sy, and others.
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Now
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May be a surprise!

LHCb with 10 fb!
0.7 T -.\

0.6

CPV(B—DK)

0.5

0.4

Illllllllllllllllll

0.3

0.2

=t lllllllllIllllIlllllllllllllllllll

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
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