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¢ The present:
s LHC & Detector performances highlight
s First LHC Heavy Flavour Results

¢ The future (selected topics)

& Prospects: LHCb upgrade

¢ Conclusions

¢ Disclaimers:
= Many topics not cover!
= More details in other talks
e LHC: ATLAS, CMS, LHCDb
e Tevatron: CDF, DO
e Babar, Belle
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LHC Performance

¢ Current program Exe
Pe,. len
m Data taking at 7 TeV since March 2010 @'7'0,”7’ "’c?c;,
= Alternating periods of machine LHC a”C‘es ,"76
commissioning and physics data taking .
o Initial collisions with 2x10°p/bunch . LHC2010RUN (35 TeVibeam)
e Now: 101p/bunch gzsl
Z o ?
 Last week:
* N= 248 bunches in trains with 233 bunches % 5 G- Auce: :
colliding (nominal LHC 2808/beam) g 128 & CMS./ TOTEM
£ 10[ ~9- LHCb $
* 48bunches added in LHC beam each week! 3 _ | /\
- | f 3
o LPeak=1.03x10%? cm2s-lyesterday! g s Sﬁﬁiﬁ‘}?ﬁ,ﬂ;" __§
. 2.5 5
¢ Future aims

(=]

100 150 200 250

s L=1032em>s! by end 2010: Achieved! o day Of year 2010
» We should collect ~30-50 pb-/experiment Delivered luminosity
= 1fb?!byend2011 increasing exponentially!
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LHC Performance

¢ LHC experiments will operate at different nominal luminosities:
m ATLAS/CMS: Ly mina=Linc=10%4 cm~2s?
» LHCb: £ ,,=2x10% cm~?s?
by focusing less than at ATLAS and CMS
* with B* =10 m ~ 0.4 pp visible interactions per bunch crossing
& However, the present running conditions are different:
s LHC is reaching £=10% cm=s1 soon

All experiments (but Alice) are running at the same luminosity

This is close to LHCb nominal luminosity |
But with fewer bunches and with p* = —

=3.5m = ~ 2.0 pp visible o SR k
interactions per crossing i T
LHCDb use flexibility of trigger to el et
adapt to actual conditions uE R B (i

:: %— Design value

T PR 1T R T R R T

L1 L1
00 1220 0 1340

138(
LHC Fill Number
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Heavy Flavours @ LHC

¢ LHC is a B- and D-mesons super factory:
= Large bb cross section (~300 pb — 500 ub @ Vs=7 — 14 TeV):
e LHC @ 50 pb-! [delivered per experiment]

* ~1.5x10%° B mesons [all species produced, B°,B*,Bg,..]
* ~ 2.5 x10' D mesons

e B factories @ Y(4S) full statistics [delivered, Babar+Belle]:
* ~1.5 x10° B*,B° mesons
* ~2 x 10° D mesons
= However, there are also challenges:
o High multiplicity of tracks (~30 tracks per unit of rapidity)

» High rate of background events (0, .o ~ 60 mb at Vs =7 TeV)
* 1/200 event contains a b quark, typical interesting BR < 103
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Heavy Flavours @ LHC

bb angular production

¢ LHC is a B- and D-mesons super factory: _ 4b>
= bb produced mostly forward/backward b

m Detectors have different acceptance:
o ATLAS/CMS |n|<2.5 6

cr
28Im

= An efficient trigger is essential
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Trigger

¢ ATLAS/CMS ¢ LHCD

m Search for new physics
e High p;/E; trigger or E,;
* Try to keep a “low” p+
muon trigger for b-
physics: single or dimuon
* B-Physics is accounted
for 5+10% of total trigger
resources

* Event storage @ 200Hz

systems
* Highest p* ~

(small event size)

40 MHz (Interacti

l

Level 0:
High pr :
u, e h,y

Hardware

m Triggers are highly configurable:

= Dedicated to b-physics!

e Moderate p; signals in
calorimeter & muon

1 GeV

e Event storage @ 2kHz

on rate ~ 10 MHz

b hadron inside LHCb ~50 kHz)

Pile-up
Calorimeter
Muon
+ LODU

4 s

1 MHz

e evolve to match LHC luminosity &

physics requirements

LO confirmation
1, €, h, vy tracks
inclusive/exclusive
Selection

Computing farm

2 kHz l Storage
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*Detector and trigger
understanding and
Calibration

*Early measurements:
Cross sections, ...

2010 Now
Start-up O(10 pb)

DETECTOR PERFORMANCE
HIGHLIGHT & FIRST LHC
HEAVY FLAVOUR RESULTS
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Detector performances

i i . x10° CMS Prelimi MC \s=7 TeV
¢ Electromagnetic calorimeters: o, 250710 ... CMS Preliminary MC\e=7 Tey
. . S M = 134.98 = 0.03 MeV -
m First detectors to be calibrated 8 200 =104 .
S = R (-] i
. o S/B_, =0.69 :
= The n® —yy candle: > |
10° £ 1500
> LANLL L L L L L L L L B L o
g 2201 | ¢ [ Mon diffractive minimum bias MC, x° signal c B .
a0 @ = e o g 1o0]
*UE, 180 S ;!2: ur‘:fnd.:om onent of fit i
S  160- e
M a0C 50[ - N
:ﬁg_ E- (y) > 400 MeV - .
E 1 L1 1 I 1 L1 1 J 1 L1 L J 1 L1 L J 11 1 L l Ll 1 1 I
80— Er (vy) > 900 MeV fo5 01 015 02 025 03 035
605 Invariant Mass of Photon Pairs [GeV]
40— 10°
E 400FT T T T T T T T T T T
20, E LHCDb
100 150 200 250 300 350 400 450 500 350¢-Preliminary
F Vs =7 TeV Data
m, , [MeV] 3005—
250F-
ATLAS CMS LHCb F
200F
G(MTCO) 20 MeV 14 MeV 7.2 MeV 150E-
C Ngauss = (1643.4 + 8.8) 10°
. 100F- r Haauss = (134.94 + 0.01) MeV/c?
¢ ECAL calibrated to 1- 2% level b
=
0 i I S L1 A
= 7° resolution close to expectation B pre L S -

vy invariant mass (MeV/c?)

e Even better for LHCD!
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Detector performances (cont’)

CMS preliminary 2010 s =7 TeV
kl E110\IIIIT[IIII\IIITIIIIIlflll‘llll'\fl:
& Tracking performances £ E
c
=) E
€ 0407<6<050%  L~15nb" 2% E
— L - [ -
8 ,’-’ ° Data 2010 \s =7 TeV measured < 80 . Data trackIn1<0.4 E
= e * Data 2010 \s =7 TeV unfolded 3 70M . . -
S . . Diiet MG \s = 7 TeV truth nE» - e Simulation trackIn|<0.4 ]
@ 10° i J = e s 60F -
= T ] [ =
£ I @ ¥y . i ‘3_; 50
i . ] g 40:_
L Telel a3 30
: .,-‘.‘“0- G 5 E
L B - = 20
el o
T PN B AN B AP B O B B
2 4 6 8 10 12 14 16 18 20
| o B Track [ (GeV/c)
10¢ ATLAS Preliminary B IP, Resolution Vs 1/p_
4x10™ 1 2 34567 10 20 01
pT [GeV] 0.0 :_VELO Closed
- —— 2010 Data, Old Align. (v3.0)
098 . 2010 Data, New Align. (v4.1)
0.071 b
ATLAS CMS LHCDh o.osi—%
1S E
N £ 0.051
o (IP) 60 um 50 pum 25 um o
0.03F
# Better performance expected:
= 2010 Data, Old Align. (v3.0): 14.9 + 24.9Ip_r pm
0.01
1 _ 1 E 2010 Data, New Align. (v4.1): 12.7 + 24.9/p_um
- Allgnment on gOIng - T S B T
LHCb VELO Internal 1/p; (c/GeV)

* single hit resolution 4pum! Pascal Perret - LPC Clermont M 1



Detector performances (cont’)

L BARLER R BN B BLELRL AL B ELELI I

7 ATLAS Preliminary
N5 =7 TeV =

6000 del =290 nb“ === Fil projection of backgromd _:

5

000 Ny, =17840= 170 fa  Loose Selection =
my, = 3.085 = 0.001 GeV 4 —
4000 ~ -=79= 1 MeV ||
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J
2000 f

1 03 op @

IIIII\|
4
L

...I...I...I...I...I...I...I...l...l...:
2 22 24 26 28 3 32 34 36 38 4
4 m,, [GeV]

10% %

| Data 2010,\s=7 TeV

L L L B UL BN BN R IR I
CMS Preliminary, s =7 TeV L. =27 pb!

= data
—— signal+background
Eoeeeeees background-only

18000

02 GeVic

Opposite Sign muon pairs

o= 47 MeV/c?

Events /(0
TT]TTT \H‘\H‘\H‘ H‘\H‘\

J

I B R
27 28 29

P it i ot
31 32 33 34 35

N
o [TFT]

| IIIIII| | | \IIIII| | IIIIII| 3“ t [GV/Z]
w* w invariant mass [GeV/c
1 10 1 02 FLHCb preliminar
H P Y Mean 3094.5

M, [GeV] ™ ach

o = 13.9 MeV

ATLAS  CMS LHCD I
s (MJw) 70MeV 47 MeV 14 MeV

E

. .,
o) trm

Jh]] 200 340 30600 3080 31000 3120 3140 30600 3180 3200

My p [MeV]
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2 BN

00~ ATLAS Preliminary o ar opposit sin_J

Data: same sign

Detector performances (c

- mean(Y ;) = .48 1 0.01 GeV

_[ Ldt~-200nb"

ofY }=017:0.01 GeV

(=]
(=

F NV, )=852477

entries / 100 MeV
[4;] [+] —J [s=]
(o]
(=)

¢ Di-muon spectrum

00F wiv,.)=250+50

N(Y ) = 60 + 58

108

Y(1,2,3S)

Events/(GeV/c?)
—
o

10 = . 56 7 8 9 10 1 1
f ................. dimuon mass [GeV]
1032_ ---.:...7
= RO - CMS Preliminary, \'s =7 TeV
= .. S4000 P
2L T $ L,.=3.1pb
e e %00 & =100 MeVic?
- CMS Prelimina ey gi000
10 = Y Na! € 55001 |‘l| <24
= e e, w
= Ns=7TeV, L_=3.1pb" .
'E il
E L1 | 1 1 1 1 1 |- | 1 1 1 1 1 L1 1 | | "
1 10 . 102 :
1 - mass (GeVie®) of! ! ! | |

8 8.5 9 9.5 10 10.5 11 11.5 12
p*u” mass (GeVic?)

ATLAS CMS LHCD
s (M, 170 MeV 100 MeV 47 MeV

- LHCb preliminary Mean = 9452
w S o =47 MeV

¢ Mass resolution approaching MC
expectation .

600 BE00 9000 9200 9400 9600 98300 10000 10200 10400 10600 10800
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& Particle Identification:— K* K- using dE/dx

Detector performances (cont’)

ATLAS

£

dE/dx [MeV g™ ¢

250

200

150

Number of Events / 2 MeV

100

50

REA

| B
880 1000 1020 1040 1060 1080 1100

Pixel dE/dx

ATLAS Preliminary

9 2009 Data (Vs=900GeV)
8 4 10
7
6
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4
3

10
2
1 a
0 ! T | | TSNP RRPON (O AP VT T LAPYSITSr TP B e W 1
0O 100 200 300 400 500 600 70O 800

Momentum [MeV]

A AL B S L
~ ATLAS Preliminary [ MC signal h

"~ Data 2009 \s=900GeV ] MC background
e Data (I <0.9)
— Fit -]

Mean : 1019.6 = 0.3 MeV

9 1 222 05MV N grmplized to data

Stat errors only

-2 K*K]
* .

Invariant Mass (MeV)
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CMS

Entries 176229
Meanx 1.504
-|Meany  2.844
RMS x 117
" RMSy 1.206

1

| ¢ >KKcandidates

600 [—
= C
=1 L
= C
=500 —
g
g C
@ 400 —
- CMS Preliminary
300 __+ ¢ 900 GeV pp collisions
1318 +/- 95 ¢ candidates

M = (1.01937 +/- 0.00030) GeV
o = (1.69 +/- 0.50) MeV
Width fixed to PDG value

1.06 1.08 1%
KK mass (GeV)

LHCH

1.12
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Detector performances (cont’)

¢ Particle Identification

s Performance still improving,

LHCb:
¢ — K

K- using RICH detectors

getting close to MC

o F oy
;< - Without PID 8
o F LHCh 2
5000 Preliminary w
C 450 GeV Data
4000
g O > KK? _
e Alignment and
2009 Calibration
o ongoing
I 10.00 — 10l50 — 11I00 .
my [MeV/c?]
= — ——r "
':§ 1600 LHCb m, =1019.42:0.05MevV  \vith PID 2
a2 1400F Preliminary Coause = 1462 0.6 MeV 8
?_ 1200F Vs =7 TeV Data Naignat = 10,378.1+ 57.9.3 E
— w
2 1% | > KK!
S 800 2010
>
W go0
400
200 ek
930 1000 1020 1040 ' 1060
‘ _ myy (MeVic®)  Serret - LPC Clermont
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1.4

= ]
- K': (98.34 = 0.26)%
7> K':(18.39 = 0.03)% 1

z:: LﬁCb —}—:
0.4? + __F

0.2 .y{-'{",}:}‘% + 3
R TR .

] PR B S S B 1x10°
20 40 60 80 100
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P-TT Separation
1.4 T

r LHC_b ) p— p: (96.29 = 0.08)%
1.2- Preliminary ... ;. (24.28 + 0.03)%
[  \s=7TeVData

1E =
e VL S T N ]
- g1

0.8 -

0.6 E

h

0.4

0.2

40
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¢ Charm physics: Huge f‘harm productlon'

First LHC Heavy Flavour Results

Candidates:\

n

Events/10 Mev/c?

> T
21400 F ATLAS Prellmlnary \§=7TeV L,=1 4nb'
=] E Data 2010
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£1000 - N
2 Catte ]
E 00 [ tuws 3
o EmA T e ST ]
§ 600 [ ’ it -
o F . - o
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1.6 1.7 1.8 1.9 2 21 2.
>400: L B e L
2 350 ATLAS Preliminary Vs=7TeV L, =1.4nb"
o F ® Data2010
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250N DSf - ® 1w — (K
5250 4
£ 200 £ i 4
I +
8 150 4
100 £ fit :N(D;)=326=57 v f ¢
E o M(D) =1971.5 + 4.6 MeV
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‘!007 ™
200
100
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-
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100
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Clear selection of Cabibbo-
suppressed decay
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First LHC Heavy Flavour Results (cont’)

¢ Charm physics: Huge charm production!

m From plots to cross-sections: LHCb
e Open charm production cross-sections are being studied vs y and p+
O&"’ in forward region (2 <y < 5) for D*, D°, D* and D, by LHCb :
OO ,@ * Used small sub-sample of collected data :~ 2 nb-! with unbiased trigger

e Measurement of O(pp—D*X) /O(pp—DX)=2.32 £ 0.27 + 0.26
* many systematics drop out in the ratio: in agreement with PDG: 3.1£0.7

Q%J/q; — u*u production: ATLAS/CMS/LHCDb

0?,(\0 » Measurement of the differential (p;) inclusive cross-section (prompt
"+ from b) and the overall fraction of J/y from b

= b production cross-section from b — DuvX events: LHCb

e Measure cross-section in four bins of n (admitted to PLB)
* g(pp — HyX) = (75.3 £ 5.4 + 13.0)pb for 2<n<6, any p; Vs=7 TeV

Use MC and Pythia to extrapolate to 41T and averaging with prel. Result

. Theory:
from b—J/y: MO 332 1 LHCb assumed

* o(pp — bTJX) = (292 + 15 + 43)ub NFMR 254 o 1N MC ~ 250 b
15/10/2010 Pascal Perret - LPC Clermont W 17




 B-hadron properties

* New decay limits

» Understand back-
grounds for rare decays

O(100 pb) O(Lfbl) O(6 fb)

LHCDb:
Start-up End 2010 2011 2015
ATLAS: O(100 pbl) O(1fbl) O30 fbod)
CMS *Rare decay searches

*Searches for CP
F U T U R E violation in weak

decays of B mesons
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New Physics in B.optu-

S ;
o sm . SM . P MssM @
& s w2 W £ HY/A ¢ 5
—_—t e w NTGn B/MH
b W n t

(7]
-:I

A.Buras, EPS09, arXiv:0910.1032
¢ Helicity suppressed and in SM: BR(B, — p*u)=(3.6 0.3) x10°
= sensitive to New Physics; could be strongly enhanced in SUSY

= Current best limit from CDF: BR(B; — ptu”) < 3.6 x108 @90%CL
e BR(B, — pu) < 4.2 x108 from DO @90%CL
¢ Event selection
= Main issue is background rejection:
e dominated by B — u*X, B — pu~ X decays
= good mass resolution, vertex resolution and PID are essential
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B.—»uftu—: ATLAS/CMS

¢ « Easy » for the trigger: hight p; (di-)muons

& ATLAS/CMS have similar discriminating variables
s They perform cut based analysis to separate signal from
background, using:
e isolation of the muon pair
e decay length significance

QO : : :
66\\ » angle between di-muon momentum and direction to PV 32
Q’b ind d B RY e
® Mass window arouna m(bg \/ \Q\
ATLAS MC CMS |
= A M M M M i 1 = T £ E c .yt
% - “*bbspup g“ 0'2: _._BS_) pu - § +BE—>MM %002;:— %Iglsgﬁ;‘lﬂ lllll ry % 10 ggsgpﬁl minary
= - ol 5 ; . ";':'01'8:_ DOBackground e DBackground
" o _ﬂt’ff TR [ R |l i -.°. (25 ﬁohe': g |
D e, i . . 0.14F
102 + 44 e i s * 102% ’ﬁ‘ﬂﬁwﬁ .1 0.1 1072
e 777444 ¢4 ! . o : ~ Tt 008
* 0.05F . .- o, by . 0.06
10 > o > . S ATLAS ﬁ%"“. 0.04¢
et e et eae Lot Om"‘ * . 10 ; 002:— - e ok i M i i-l 1
005 1152725 335445s 0 02 04 06 08 1 0 04 02 03 04 05 % 02 04 06 08 1 0 10 20 30 40
Transverse decay length [mm] (1 o | | D/G
3 kin}
Trans. decay length Isolation Pointing angle Isolation Flight-length sig.
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B.—»uftu—: ATLAS/CMS

& Expected results (assuming o(pp — bbX) = 500 pub) @14TeV:

— ‘ ‘ +bbﬂpp

= —agnalBauu
§103* |\/|C ATLAS e B K

=

°

pd

o

ATLAS (10 fb1) 5.6
CMS (1 fbd) 2.4 6.5 <1.6 éo-S

e with 10 — 20 fb-1 SM prediction region 2.110°®"
o + | . 1 |+30evidence after 3 years@1033
Pas s s S ey |« 5o observation after 1 years@1034

= Uncertainty coming from limited amount of MC

= B — J/y K is used for normalization to translatg” i
the signal cross section to a BR 2 4o

Sig
L oy =32 MeV/c?

.035

e Well measure BR 230" 280 nb?
» Only 1 additional track compare to signal decayg * | Jriﬂjr
* Scaling quoted result by ratio of LHCb measured x-sec 0:..‘.|‘..._".l‘..‘l...m“.‘|H.‘|...r
at Vs = 7 TeV to 14 TeV value assumed in MC study. we 5‘1J/15|1-I‘2(' r%gsssk%:V?cz)

U
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f\"’::\\g/ B.—ptfu: LHCb

¢ LHCb approach is philosophically similar to Tevatron’s:

= loose selection and then construction of global likelihgod:
o Analysis in 3 Parameter Space Mass |“1? |
. . . : . Iretime
production fraction is the larger systematic (13%) / Isolation
m Prospects from Data: GL
e Mass resolution measured on B — nrt, nK, ... now 24 MeV/c?

PID

* Getting closer to MC expectation (22 MeV/c?) Cb —

* Nice B*—J/yK* signal Fol e fon = 13 Mevic:
e |P resolution in agreement to MC for p;> 2 Gey. % [\ -3pb?
e Background at the expected level
® NO events in sensitive qsow “

280 nb_l LHCb T bt L

Preliminary 5150 5200 5250 5300 5350 5400 5450
m(Jhy K*) (MeVic?)

region and general
properties of
background as

Mass
[MeVi/c]

Invariant Mass

NE=7TeV, | Ldt~215n0"

[31]

600

e . .
sioof * . ? expected ~ 6 signal
s200fante . . events and ~ 30

arianid

expected
§ 5000 sensitive region background events
N 800 R . for 1 fb!
004 02 0s 0405 06 07 08 08 1 -
15/10/2010 Pascai rene- e v Geomelry Likelihood W 22




Bs—pu”
¢ ATLAS/CMS & LHCDb should be complementary for such a

measurement

= Very soon LHC should be able to
approach or surpass world best
sensitivity w

Exclusion limit at 90% CL at Vs=7TeV
50

e With 50 pb possible already to % N
approach new limit: Y
e LHCD alone: ;\‘: ]
e BR(B, — p*u) < 3.4 x10°8 @90%(:[;{ N e
* 50 observation downtoBR=5x ~
SM with 1 fb'! (BR(B, — pp) > 1.7 . I_“T ‘.%,J{ }l)"f?aifcff?”I‘z-;.s-;..;-;.;-s.;;z,;’s,;’s.;;sf;;z‘;.lz‘;gs-;.z-.;.z-z.:-sl.::.zf,:assz;z;;.z-z.z-:..z-s.:-z._
X10'8) 00, 01 02 03 04 05 06 07 08 Lﬂ;b_j;_o

» For a 50 measurement at SM  Close to CDF limit possible 201

) ] already end of the year
value a combination of all LHC i i
observations will help!
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R
)
@\:@/B measurements from B, — J/y ¢
¢’ The interference between B, decay to J/y¢ with or without

mixing gives rise to a CP V|olat|ng phase O.

= |t is a sensitive probe of New Physics:
e Itis well predicted in the SM: ®=-23,=-0.0368+0.0017

e New particles can contribute to the B.-B, box diagrams and
significantly modify the SM prediction

= Itis not a pure CP eigenstate (VV decay)

e 2 CP even, 1 CP odd amplitude

* |nitial states must be tagged

B,

N

\

N

U,c,t

NV
/

Ll

L s

’ %w v@
. SHNP2S

d,s

u,c,t

b

* Final states need to be statistically separated through angular analysis
* Mistag and proper time resolution are crucial..

= TEVATRON:

CDF and DO set

confidence level

bounds on

ATs - (s
15/10/2010

-

(ps

—

A

0.6f-
0.4}

-0.2

-0.4

CDF Run |l Preliminary L=521f"

0.2

— 95% CL
— 68% CL
—=— SM pradiction

-0.6/
PR |

T Lp

Prellmmary

- DG, 6.1 fb
E_BS — J/pe

61 = —0.42 +0.18
= 3.01+0.14
AM, = 17.77+0.12 ps~?

— 68% CL
— 95% CL

3

&7/¥?[rad]

SM at ~1o
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B. measurements from B, — J/y ¢

& ATLAS/CMS.: Expected LHCb sensitivity
= use Bs lifetime cuts 10TeV - o(pp — bbX) = 292 pb

e main background S CDF 5.21b™ FPCP 2010
is long-lived Z
£
e main systematics: Y oaal
control of i DO 6.11b" ICHEP 2010
acceptance ?
03T LHCb preliminary 7TeV; o{bb)=292)ib
L 2 LHCb i — Uncertainties on o(bb)
= Does NOT use Bs 0z |- and BRvis(85-J1v0)
lifetime cuts : LHCb MC
e main background T
IS prompt _
. . 0 v v v P v v b v P v bvv v Pvv o v v v Panas
° g/:ZI r;nlss)li:sa"[ge r;] r?éICS D;T 01 02 03 04 o.slm gésrateg?l_u moi.:OSi fﬁgﬁb" }‘
- i i 2011
proper-time irst ﬁﬁ'ggo;s_'ffaf‘geady LHCb: yield for 0.2 fol; ~ 7 k
resolution comparable to CDF @ 5.2 bl
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B. measurements from B, — J/y ¢

v/
& Prospects at LHCb from Data: ,?/7‘9%
g 8600 - LHCb i : Uk
fswf B Preliminary (9" Signal starts to show up
T 5500 == ys =7 TeV Data . . . .
2 s E 38 > yield in = agreement with expectation
5400 — 30 g F LHCb Preliminary
5350 :;:' 25 io_z:_ s =7 TeV
5300 % ;) E‘ E— BO—) D*HV
5250 :|-!?' 0 2 0'1_ —~ 19 pb'l
5200 :.:.: . u: ? /
51501?.;5:;‘:5 0 E \ _//
t(ps) o1 '—.AQ.—'
B;—> Iy O :
0 w28 LHCD
;s Preliminary NSig:78ill ST T P PP PR TR SR B A
5 =7 TeV Data O-M - 13 MeV/CZ 0 1 2 3 4 5 [} 7 pl‘:pﬂftl:‘l&{p;}u

=4
=

First signal of flavour oscillation from

B%, — D*(D° n)u*v events.

“Out of the box” un-calibrated tagging
performance already at 60% of expected
performance.

Lol
o

Events / [ 12.5 MeVic? )

[
=

.-...2 pb-l

-
o

-
=

= o

5150 5200 5250 5300 5350 5400 5450 5500 5550 560
m{Jhy 4) (Mewre?)

Propertime resolution not yet as in MC :~50-60 fs. Still very good for B physics
ﬁould give a ~20% decrease in sensitivity). Work on-going on alignment ...
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Y Measurements
& B(S)—>K1t,KK, . ..
= Two body charmless B decays are core to LHCb programme: vy

angle, loop effects etc.

e Penguin amplitudes:
e.(‘\6 * Interference of b—u tree & b—d(s) penguin diagrams

© \\(“ * CP time-dependent measurements from By—nn and B,—KK allow to
extract y relying on U-Spin.

= Crucial use of PID from RICH and very good mass resolution

=)
T

% 70F T F % 40C
o 2 E 2 -
S ™F LHeb g = 5.2747 +0.0024 Ge\."fcz % %5 LHCh 1= 5.3554 £ 0.0047 GeV/c? > £ LHCb Hy = 5.2747 +0.0024 GeV/c?
§ g0~ Preliminary o= 0.0244 +0.0023 GeV/c S T preliminary o = 0.0244 + 0.0023 GeV/c? g 355 Preliminary o= 0.0244 + 00023 GeV/c?
- i 8 30— 3
a3 5 :_\s_‘fTeV Data v,;_ 144 +14 g - \s=7TeV Data v = 532+ 88 S Vip= 516497
- - Ah =-0.1407 + 0.097 - 257 b -
E ; = o5F =
2 ok A, ouq = -0.0333 + 0.068 2 “F LHC g =k B
@ E =
& F A o hig = 01125 0.25 S 20- BS_)KK 2 s0C g T
30f — = g ~ -1
E Bd Kr 15— ~3.1 pbl 3.1 pb
-1 = .
20 ~
3.1pb 10F 'l'i 3 RN REE IS
E I E F T T
- ; SR : TR
£ I L 1 L + Ft;:tLj- £ | 1 1 1 1 I L X
Og 51 52 53 54 55 56 57 58 L TR - ¥ ' 1 4 5 057 52 53 54 55 56 57 58
5 5 53 54 55 5, 8 ) ,
Invariant mass (GeV/c?) Inv anant mass (GeV/c?) Invariant mass (GeV/c?)

m Yields so far ~match expectations. In 2011 running LHCb will get
largest world samples both in B® and B..
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Y Measurements
& Multlbody hadronlc final states: First Iook @ LHCb

3 ;; T T T T
= 45 B*>D(K 300nb" - -
o Preliminary D (Kx) " [300n67] 3T 100F LHCb Ngga = 240 £20  —]
-g 40Es = 7 TeV Data Nyigna = 117 £ 12 3 --u; [ Preliminary m, = 5271.9+ 1.8 MeV ]
m = (5269.2  12.0) MeV E —_—— Ogauss =  20.8 +1.4 MeV -
E 35 G, = (23 + 3) MeV E t 80— \s =7 TeV Data ] Cl
30 —:L%’ ean

B°—D(K n m) ]

B*->D(Kx)n

samples with

20
40 .
15 1 high S/B at
10 20
. I ST S s i expected
4800 5000 5200 5400 5600
5%0 5200 5250 5300 5350 5400 54:: (MeV) R | - - | e fue\ﬂc ) ‘ r ate
= T I T %14_ LHCb [ Ngignal = 38+ 7
n ] % L Preliminary m, = 5274:3 MeV
50— LHCb Nsignai = 65.2 * ] 2., ? Ogauss = 13.7: 2.4 Me
E Preliminary m™ < syeassmev] ~ §7 \S=TTevDaa ST B+ BY*—D(Kn, Knn) nmn

40~ Vs =7 TeV Data Ogass = 26 +3.3MeV 1

Events /(35)

S/ 2011:
:%, 1fb' @ 7 TeV
o(y) < 10° ?

. . . | .
5000 5500 2 5200 5300 5400 5500
mass (MeW C ) B Candidate Mass (MeV/c?)
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*\VVery rare decays

*CP violation
*NP studies
LHCDb: O(6 fb1) O(100 fb1)
2015 2022
ATLAS: O(30fb1) O(500 fb1)

CMS

PROSPECTS: LHCB UPGRADE
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LHCb Upgrade

¢ LHC physics in ~2015
= New Physics (NP) will hopefully be discovered
by ATLAS/CMS and LHCDb

= New Physics will very likely show up in Flavour
observables: LHCb should see it!

Observable Sensitivity SM
CPV(B—>J/yd) (2B,) 0.03 0.04

v tree 50 67.2°
Z(B,out) Observed at 30 3.6 x10°
Arg(B>K*utuo) 0.5 Gev? 4.36 GeV?
CPV(B,—~>dy) 0.22 0.10
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LHCb Upgrade

+ Better Flavour Physics will be required to elucidate the NP
flavour structure or probe NP at higher mass scale

= LHC is a Super Flavour factory: 10° Hz of b-quarks produced
e LHCDb exploits only a small fraction of LHC.:
* L 1ep=2x10%2 cm2st/ L ,.=10% cm—2s!
e LHCb Upgrade will be complementary to Super B(Belle) factory!

¢ LHCDb Upgrade Strategy

= Running at 10 times design luminosity, i.e. at ~ 2x1033 cm2s-1

e Upgrade planned in 2 phases matching LHC schedule :
* Phase 1: ~ 2016 £ =10%3cm?s?!:R&D has started
* Phase 2: £ = 2x10% cms1
e read out full experiment at 40 MHz, currently at 1 MHz
* Gain a factor 2 in the trigger efficiency for hadronic channels

e vertex and photon detector needs to be replaced
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Hardware

LHCDb Trigger

40 MHz
Level O: Pile-up
High Pr: Calorimeter
Muon
& N,y +LODU
1 MHz| 3PS
HLT:

LO confirmation
u, €, h, y tracks
Inclusive/exclusive
Selection

Full reconstruction
of event

Computing farm

2 kHz l Storage
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LHCb Trigger: new scheme

o
©
=
2
£ 40 MHz

¢ Very flexible software trigger

m Can be adapted to any kind of
scenarii
= Highly selective for b-mesons:

Reduction factor of 10° on
minimum bias

HLT:
LO confirmation

u, €, h, y tracks

Selection

Full reconstruction
of event

3

B

o

= : :

S | inclusive/exclusive
Q.

S

O

O

20 kHzl Storage

¢ Readout the detector at 40 MHz
= Replace all front-end electronics
= Replace all very front-end ASIC with a readout speed limited to 1

MHz

15/10/2010
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The high luminosity challenge

¢ L =10%cm=st
= Average number of interactions per
crossing: 0.4
e Most crossings don’t have an interaction

® ® L=2x10? cm™¥s
06} =

0.2

0 l l A & | l
0 2 4 6 8 10

Number of Interactions/crossing

15/10/2010 Pascal Perret - LPC Clermont M 34



The high luminosity challenge

¢ L =103 cm3si

= Average number of interactions per
crossing: 0.4

e Most crossings don’t have an interaction

¢ L =10% cm3s? T '
= Average number of interactions per ° § L2010 e
. . 0.6 ® L= 1033 =
crossing: 2.3 o
e With 15% of empty crossings N
04 ]
¢ L =2x10% cm2s
= Average number of interactions per . °° s o
crossing: 4.6 e o L
e With all crossings with at least one o L ® 0 %o
interaction : £ K ; = 8

Number of Interactions/crossing

¢ Handle higher occupancy and radiation dose
= Redesign the inner part of the tracking system (VELO, TT, IT

15/10/2010 Pascal Perret - LPC Clermont Luch
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LHCb detector evolution in Phase |

/ -\-\_

Vertex Tracking P » | .
detector: system: new - Hadronid: L ome electronics
new pixel TT& IT. new New photon detectors =~ replacement fOI_‘

system electronics for

/ W Calorimeter
\

Muon detector
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LHCDb sensitivities

+ With 100 fb error in 23, decreases to £0.003 (only L
Improvement), useful to distinguish among Supersymmetry (or
other) models, where the differences are on the order of ~0.02

Observable Sensitivity SM
CPV(B—~>J/yd) (2B,) 0.003 0.04

v tree 1° 67.2°
Z(B,out) 5-10% of SM 3.6 x107°
Arg(Bo>K*ufur) 0.07 Gev? 4.36 GeV?
CPV(B,—dy) 0.02 0.10

= + many more observables:
e ¢, In B.—~>¢d, y mediated by loops, cos 2B in By — J/y K, ...
¢ The upgrade strategy is SLHC independent

= Letter of Intent — end 2010
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CONCLUSIONS
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Conclusions

¢ Excellent LHC & detectors start-up
e Progressing very well to design performances
s LHCDb is dedicated to b-physics and designed for it!

e It has the best performances in terms of: Momentum and mass
resolution, PID (n/K separation), Proper time resolution, Trigger

s ATLAS/CMS:

e will complement the b-physics program of LHCb
* Fully profit from muon trigger capabilities at high luminosity

s LHC is entering into the game!
e First data collected are very promising

e Many significant measurements will be achieved in the b and c-
guark sectors in a near future

¢ LHCDb is preparing a challenging upgrade aiming at an integrated
luminosity of 100 fb-* complementary to a Super B factory

¢ We are poised for a long and exciting physics program !!!

15/10/2010 Pascal Perret - LPC Clermont W 39




TANK YOU!
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