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INDIRECT SEARCHES

» Sensitive to New Physics effects
« When was the Z discovered?

« 1973 from Nv — Nv?
« 1983 at SpS collider?

« ¢ quark postulated by GIM, third family by

Kobayashi & Maskawa
1983
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INDIRECT SEARCHES

» Sensitive to New Physics effects
« When was the Z discovered?

« 1973 from Nv — Nv?
« 1983 at SpS collider?

« ¢ quark postulated by GIM, third family by
Kobayashi & Maskawa

¢/ Estimate masses

« t quark from BB mixing
¢ Much larger mass coverage than /s

v Get phases of couplings

« Half of new parameters
« Needed for a full understanding

* Look in lepton and flavour sectors
=» CP asymmetry in the Universe
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INDIRECT SEARCHES

The b quark is the best laboratory for
this programme (see Fleischer's talk)

Hot channels for the near future:

tan® 3
==,
)

Bs — J/vy¢: Beyond-SM CPV?

By — ppK*: Right-handed currents?
v (¢3): Is the CKM matrix sufficient?
Yep IN D°: Beyond-SM CPV?

The LHC beauty experi-
ment for precise measure-
ments of CP violation and
rare decays

Bs — pp: Is there susy? B
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http://www.eventure-online.com/eventure/publicAbstractView.do?id=147947&congressId=4037

LHCB DETECTOR

Forward detector (b-hadrons produced forward at LHC)
o Warm dipole magnet. Polarity can be reversed.
v >99% of channels working

v/ Good momentum and position
resolution

e Vertex detector gets 8mm to
the beam

LHC D
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LHCB DETECTOR PERFORMANCE

Forward detector (b-hadrons produced f

e Warm dipole magnet. Polarity can
v >99% of channels working oo

osf 3

efficiency

LHCb preliminary\'s = 7 TeV

v/ Good momentum and position
resolution, high efficiency

0.4F 3
— Data

o Low-P efficiency from K2 “t — Monte Carlo
tag-and-probe with calo o 20 a0 600 0 el
o Medium P from D — 4x
and D — 27

e High-P from Z — pp with
muon detector
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LHCB DETECTOR PERFORMANCE

Forward detector (b-hadrons produced forward at LHC)

o Warm dipole magnet. Polarity can be reversed.

v >99% of channels working

v/ Good momentum and position

resolution

v/ Good Particle Identification

LHCb
E Preliminary

E B

Data

Ns=7

Momentum GeV/c

Patrick Koppenburg

0 e 80

Momentum GeV/c
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HCB DETECTOR PERFORMANCE

Forward detector (b-hadrons produced forward at LHC)

o Warm dipole magnet. Polarity can be reversed.

Candidates/(25 MeV/c?)

>99% of channels working
Good momentum and position
resolution

Good Particle Identification

e T resonances are there =»
ECAL and Muon works well

2001

LH
800| Prsclilr’nina mean (15)=9455.9+ 1.2 MeVIc? 180/ J(

(=7 TeV w o (18)= (46.8%1.2) MeVic? 160 Preliminary
700 g (15) = 3159278 \'s =7 TeV Data
600 _[ L~4apb’ Nygoa (25) = 789448 140

Nyjgnai (35) = 405+ 39

1201

| AL Siin!

oo 8500 90009500 10000 10509 11000 11500 12000 g e
M(pp*) (MeVic?) ’ : : e'e” mass, GeV/c?
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LHCB TRIGGER

Forward detector (b-hadrons produced forward at LHC)

e Warm dipole magnet. Polarity can be reversed.
v >99% of channels working

v/ Good momentum and position
resolution

v/ Good Particle Identification
v/ Versatile two stage trigger
e Hardware-based LO trigger: T
moderate pr cuts =» 1 MHz
o The whole data sent ‘
to O(2000) servers '
e 2 kHz output rate

=» fully operational. Last batch
of CPUs being installed.
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INSTANTANEOUS LUMINOSITY AT 3.5 TEV

160 :‘V..Qf....n.Qm;.i.n.aI...I.um.i[j.os.ity..r)

140 « LHCb has been designed for
L£=2-10% cm2s~!, with 2800

10 bunches crossing
100 — =>» 0.4 pp collisions per crossing

80— « But we only had 400 bunches in
2010

L

180 200 220 240 260 280 300
Days since 1 January 2010
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INSTANTANEOUS LUMINOSITY AT 3.5 TEV

160 Pt T o .80%..0f nomiinal luminesity.=2.

3.00

140 2.50 g i
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100 ‘ e
i

i | ‘
1.00

0.50 Nominal conditions
&0 0.00 L T |
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40 Date : : S| N

We run at 5 times
our design!

280 300
Days since 1 January 2010
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INTEGRATED LUMINOSITY AT 3.5 TEV

E . Delivered Lumi: 42.15

< 0 e  Recorded Lumi: 37.66
7, o
£ 1

E

3 1w i

b=l

2

o

=2]

2

£

3pb~! 37pb~t

1 1 1 1 1 1 1 1
200 250 300

Days since 1 January 2010

Earlier data has less biasing trigger =¥ better for cross sections
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Puavysics

LHCb is the forward

detector at the LHC Detector acceptance

v Unique rapidity
coverage

* K2 cross section (PLB
693 (2010) 69-80)

« A/Nand p/p

« Open charm (see next
talk)

e J/Y
« B

5 6
Rapidity

e« Z, W... This is the tracking acceptance.
For composites we get even higher.
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I B CRrosS SECTION (14 NB™1)

This time keep only the non-prompt part

[PLB 694 (2010) 209]

ch

D Patrick Koppenburg

Start from non-prompt D® — K7+

Add a non-prompt muon :

B~ — D% v

Get bb cross section from B(b—D°X) = (6.82 & 0.35)%
opp = (75.3+5.4 £13.0) pub (in acc.) using LEP fragmentation

e 89.6 with Tevatron fragmentation

o opp(4m) = (284 %20 £49) b

Charm =» See next talk

40
do 30
dn

(ub) 20

10

0

LHCb Status

x -Untriggered --- mcrm
e - Single Muon Trigger
Average — TONL

B

Error
on theory

LHCb

2
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http://www.eventure-online.com/eventure/publicAbstractView.do?id=147110&congressId=4037
http://arxiv.org/abs/1009.2731

I B FRAGMENTATION (3 PB™1)

@ This time separate between D, DO and DT (and also A¢)

=» Get hadronisation fractions

fs
fd =+ fu

o LEP :0.129 £+ 0.012
e Tevatron: 0.18 + 0.03 : different p7 spectrum
=» LHCb more like LEP than CDF

= 0.130 +0.004 £ 0.013 (Preliminary)

e This ratio is very important to normalise branching fractions, like
Bs — pp

@ Other methods might be more precise, as using B — Dh decays
[Fleischer et. al, 1012.2784]

ch
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http://arxiv.org/abs/1012.2784

CHARMLESS B DEcAYS : DIREcT CPV 1S SEEN!

Events /(0.0225 GeVic?)
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CP violation is that simple!
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B — 2-body works: ready for Bs — !




FIRST OBSERVATIONS (O(30) B~ 1)

T T
Ng,= 11414
mg, = 5366.1+ 1.1 MeV

o= 82+1.1MeV

v/ First observation of Bs —
J/£(980) (£5(980) — 77)
v/ First observation of Bs —

LACb " '
Preliminary
\'s = 7 TeV Data

Events /(5 MeV)

25 B~ J/ym
B*>J/yK*(n* * B 0 .
206 Eayieia D%,(2573) "~ v (first time

seen in a decay)

5500
mup ) (MeV)

T T T T
N(D_ (2536)") = 155 = 15
N(D_(2573)") = 82+ 16
my(D,,(2573)") = 2569.6 = 1.5 MeV
I'(D,,(2573)") = 14.0 + 4.0 MeV

=
3
=

x?/ndof = 49/56

-
>
S

L L L LR R LA LR R L

£4(980)+fo(1370)

Events / ( 15 MeV/c?)
Events /(10 MeV )
8

LHCb
80 imi
40

]

h f %
1
1200 1400 2400 2500 2600 2700 2800

m(rr) (MeV/c?) M(D°K)—M(D°)+m(D°)PD o (MeV)
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WE SEE PENGUIN DECAYS

% 16f-LHCb
Preliminary N =35+7

Bk

c 14F\s =7 TeV Data

v 35 B, — puK events in 37 pb~?

o Interesting for axial currents and

mlnlmal ﬂaVOUr VIOlatIon 4%00 5000 5200 5400 5600 5800
(B=5-10"7)

B mass (MeV)

=» Looking for B — uuK*
o Will soon have the best measurement

of the forward-backward-asymmetry
v And B — K*y
=» Waiting for Bs — ¢y to constrain
right-handed currents o o e
m(K*y) (MeVic?)
ch

B,— K" (Kx)
35 e K,

= 5295 = 44 MeV/c®
LHCb Preliminary

k)
305 L =26 pb™ oy = 1332 55 MeVic?

ot Ny = 49217

Events/(100 MeV/c?)




WILL THERE THE FIRST SIGNS OF NEW PHYSICS?

o 250F T T T LR
L = oo i =] v Very clean B — J/¢¢ sample
2 200 Preliminary Nognu = 691622811 J/"/)¢
E [ V&=7TeVData o707 MV | =P Ready to measure ¢s .
@ o . . = [
@ (=0 in SM) g
P
£
g
2 oor-
5300 5350 5400 5450
Jhyo invariant mass (MeV/c?)
gzsn»ﬁﬂwbm § o1 ‘CDF prelim. (3.7 fb)
& X DO (11b%) '
1s0f- 'Q\. o\ T T T T T T T 4
m = @35+35TV  puiny
500 % m‘q 20__ ________ -
. ST > LHCH ex, |
e pectat;
e &, 90% a1 exc/us/b,,/)a (
v/ Good mass resolution on B — K i SM prediction =
00 0 DIW 0‘2 0'3 0" 0'5 0:6 0'7 0'5 0

019
L)
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=» Expect the same for Bs — uu



E‘,g__.; ng—)uuandB

N

o Detector

ks very well

o We are far above_our nominal
\\E)‘ndmon% but w e

« With~37 pb~ 1 we are aireqdy C
\Wlth the ﬁat@n'

—» We are ready for g .

i
; LWalt M re Iu
~ gettil
now

-

We can‘fmd new physics with 2011 da

Patrick Koppenburg LHCb Status
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AM T AN UNCLEAR
COMMUNICATOR?

o Backup

L
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BEYOND THE B (16 PB™!)

o We see forward Z
(pp and ee) and W

=» Shown in
unorthodox z-¢ view

@ Will measure cross
section and
asymmetries

L~16pb-! —MCFM NLO with MSTW2008

e
*

2 2
pt 04727 + 0.0262 0

-0..

»
I

.

0.

>

do*/dn-do’ldn
do*ldn+doTdn
o o
N >
Hﬁ

Nl
o
o)

I I
= 35 4 45
70 80 90 100 110 120 Lepton Pseudorapidity
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WHY “ONLY” 37 PB™

[ ATLas 45.0 of 48.2 (94%)
S CMS 43.2 of 47.0 (92%)
&8 LHCB 37.7 of 42.1 (90%)

Dipole magnet =» crossing angle

oo S0

@ added or subtracted from external o
angle
o Most data taken with polarity that o
7 | ;
gives the highest angle yggg\ﬂ/// 3.5TeV, Field Up
E \
=» lower L B AN\
i i . 00 \ AV
Will not be an issue any more in 2011, “ﬁ* : Y
500 N -t \
when we won't follow in £ gy RO

E o
-1500 ison 1600
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J/¢ AT /s =T7TTEV (5pPB!)

e 0.56 - 10° candidates in 5 pb~*

iwm* /\, LHCb Preliminary
. Separate prompt and non—prompt E:x; i1 A 1
components @ : E
8000 } E
6000/ i ." E
4000~ 3 E|
mw»—'—-—J \u—-—-.._-....._
3000 3100 3200 3300
M(u*w) [MeV/c?]
= 10° T Data !
S ot E. LHCD Preliminary oo
s 1 \/5_27 E‘V Background
; 10° =2 pi B Prompt J/y
g Jiy from b
o 102

ch
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J/¢ AT /s =7TEV (5PB7?)

ch

e 0.56 - 10° candidates in 5 pb~*

@ Separate prompt and non-prompt

components

o Get g,y in bins of pr and y for

prompt and from

b

opp =2.95+4+48 ub

c 05 T
2 oasf LHCb Preliminary
E 20 25 - E
S oap 02l Na=7Tev 3
E « so<y<3s L=5pb’
Q 035E | ol P + i
0.3 40<y<45 4: =
0.25F j: t - |+ 3
3 T 3
0.15F = | 3
0. 15 == —_.::_h—* ' =
e
0.0sE— 3
ok | 0

10 1 5
P, [GeV/c]

= T T

S LHCb Preliminary

3 10° a==__] \s=7 TeV 3

= == L=5pb’

3 == °*

L 102 .
SRy E
S|° ® 20<y<25
BlaT 10f o 25<y<30 -
BT 3.0<y<35 E

® 35<y<40 1
1 40<y<45 E
Prompt J/y
10" 1 !
%o 5 10 15
P, [GeV/c]
S T T E
% LHCb Preliminary
S \s=7Tev 3
% L=5pb’
= E
— —+——
=|> 10 SSEEs -
S[® E o 20<y<2s % E
Slam [ e 2scv<a - ]
5o N 3.0<y<35 - RS 1
e 35<y<40 —4— R _:_:’:
1 © a0<y<ss e _:_—$: -
E R ol
i 3
Jhy from b + ]
10" L L
0 5 10 15
P, [GeV/c]
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J/¢ AT /s =T7TTEV (5pPB!)

e 0.56 - 10° candidates in 5 pb~*

g"E el
2 £ —m— LO NRQCD (2<eta<5)
o Separate prompt and non-prompt §wl , |
< ¢ oA
components Sl N
.. R s
o Get 0,y in bins of pr and y for ' e,
prompt and from b LHCb L
Preliminary
\Ns=7TeV
O-bE = 295 +4 + 48 ,Mb E fl.:s.zpb"
. 10 2 2 8 g 1p0 of Jiy JéeV/c)
o Compare with theory T :
o Compal’e With CMS f"g‘w’? A?ﬁ; —®— CMS 1.6<yl<2.4 (0.3 pb™Y)|
L o)
102 +
r ‘f
10 T
; T
L 3
5 70 ‘ 2025 30 35

15 20
b, of J1y (GeV/c?)

ch
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K2 CROSS SECTION AT /s = 900 GEV

@ Two independent
analyses (one with and
one without Velo)

o Large overlap = no
attempt to average.

25<y<3.0 30<y<35 35<y<40

We take best bin of %] i
each. s
o Errors: *
. . +I.Nr(|2‘bidm
o 10% statistical wr

— LHCbMC
= LHCb MC + PYTHIA6 diff.
T N S N T

o 13% luminosity

o 10% tracking ":% 1
@ Data seems to favour Nim ‘ ]

higher pT than MC 0 02 04 06 08 1 up'[‘é‘ewgis 02 04 06 08 1 up'[‘fi‘a\l/:is 02 04 06 08 1 up'[‘l:;:\l/c‘is
=» First LHCb paper

Mc/data

pT spectrum in bins of y.

ch
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OSCILLATIONS

éo_e; o Tagging is working
Fosf o We see oscillations in By —
Sort 1 J/oK®
EE"O ¥ L1 e and d — D*uv
Foz- W @ Retuning to p ~ 2 ongoing.
04 = T 4
-0.6:—
- %t(ps)a
Bo4E LHCb Preliminary
gn_,; \Vs=7Tev
éﬂ]z—
‘“‘?X’X,t

I/
I

{

-3
Y
T T[T ITTT

«£ ALLIn 1 sample

B T T T S S S S S )
proper time (ps)

h
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