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Experimental requirements

Flexible and efficient trigger for both hadronic and leptonic final states
Good Particle identification (PID)
Excellent tracking and vertexing

+ Secondary vertex identification
* Good momentum, mass and proper time resolutions

Example:B, - D K

Mass resolution

G
Good n/K
~] cm :
separation
Good primary/secondary vertex Flavour tagging
reconstruction for proper time

measurement
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6.8 pub-! at Vs= 0.9 TeV in 2009

0.31 nb! at Vs= 0.9 TeV in 2010
37.7 pb'! at Vs= 7 TeV in 2010 20 10 Fun
(~90% of delivered lumi)
From 30th March to 29th October

LHCDb Integrated Lumi over Fill Number at 3.5 TeV 2010-11-11 18:09:22

Delivered Lumi: 42.15
Recorded Lumi: 37.66

Integrated Luminosity (1/pb)
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Detector efficiencies

Efficiency (channels) November 2010

80 82 84 g6 88 20 92 94 9% 98 100 %

The detector worked extremely well over the entire year!
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Luminosity 2010

Peak Mu over LHC FillNumber |

2010-11-11 18:09:

Average number of
visible
interactions/crossing in
LHCD acceptance
(what we call )
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: LHCbéDesign Specs
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Peak Instantaneous Lumi over Fill Number at 3.5 TeV

August September October

Instantaneous luminosity

1.6:10% cm4g’!

80% of design luminosity reached
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with 344 colliding bunches instead
of 2622

|

Peak Instantaneous Luminosity (10430/cm*2's41)
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Cross-section predictions

(PYTHIA)
Ne = G A ey

O; (0.89, 095, 1) x 80mb
~ 2950 ub

B, B% B_,B_, A,.

(40%, 40%, 10%, 10% from LEP)

~YrNryN117¢

e b

Design L~ 2:10%2 cm? s’!
(tuned)

e DAl 06T 1)« w00 b

WLA LN LLAUVAL

~ 10!2 bb events / year (2 fb})

10 kHz bb-events in LHCDb
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Running conditions 2010
End of 2010

Nominal

> V14 TeV
> L=2-102cm?s?
Defocus the beams
» 2622 colliding bunches
p*=10m
Average 0.4 visible
interactions/ bunch crossing
» Minimize the pile-up

Fraction

> VI TeV

1.6-:1032 cm2 sl has been
reached

» Small number of bunches

| 400 max)

 B*~3.5m

~ 2 visible
interactions/bunch crossing

» Trigger conditions rapidly

evolving to accomodate
increasing L

Despite running beyond design
conditions, no problem of data
quality in 2010

Number of Interactions/Crossing
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Heavy flavors @LHC

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

* ~1.5x10'° B —-meson [all species produced, BO,B+,BS,. ]
* ~2.5x10" D mesons

e B factories @ Y(4S) full statistics [delivered, Babar+Belle]:
*» ~1.5x10° B+,B0
*~2x10°D’s
= However, there are also challenges:
» High multiplicity of tracks (~30 tracks per unit of rapidity)

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

e An efficient trigger is essentiall
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Hardware

Computing farm

... LHCb trigger

Level 0 : Hardware triggers
From Muon system &
calorimeters

- . -

1 MHz

HLT1 : Software triggers

Add information from VELO and tracking
stations to Level 0 information

Find proton-proton vertices etc.

ECAL Had. Muon
Alley Alley Alley

Global reconstruction
30 kHz

Inclusive selections:
topological,p, p+track,

P, D>X, ¢

_ inclusive and exclusive selections

HLT2 : Software triggers
Use all of the detector information to make

2 kHz

.
- 40 kB/evt
Storage 10



April 2010
Event with 1 interaction

LHCb Event Display
Muons _— TSR

T-stations

Design:
single event per bunch crossing

ESRar 48
« (H#ls
c T AR
+ FATTLTH
FrUALT| 4

j¢

bl 3 -
+ s T r
EIE PR 113208 g R
54.2010 13009 i h! * * 4t H
Run 69618 Evers 12484 bld 1786 X . VROD
7

October 2010
Several interactions

LHCD Event Display

31.10. 2010 7:09:58
Run 81811 Event 161252639 bld 1845
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Detector Performance

Key aspects for B Physics:

— 6p/p ~0.45%
e Mg~ 10-40 MeV

— IP resolution
* ~14um at high p;

— Proper time resolution
e ~50fs

— Particle ID
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VELO — Vertex Locator

Vertex measurement

c(2)~ 75 [150] pm for the Primary [Secondary]
vertices

c(IP) ~ 14 + 20/py (GeV) um

o (1)~ 60 fs on b-hadrons decay times

Silicon-strip

detector

21 stations

Both Velo halves Fill-to-fill variations < 5 um
move at every fill Hit resolution 4 ym

IP, Resolution Vs 1IpT —~ 0.05
FExtrapolation < 150 mm,\'s = 7 TeV £0.045 for 25 tracks:
70— 2010 Data pos B
- —+— Simulation S 0.04 o, = 16 Hm
=3 2o. =
sof 30035; o, ~16 gm
L - Y
50| e 0 035
- 0.0251 0, ¥ 76 um
® 2 0.02& LHCb VELO Preliminary
- =
30:_ 0'015;_ Vs =7 TeV Data
E . LHCb VELO Internal 0.01-
201 2010 Data: ¢ = 14.4 + 19.5/p_um 0.0055-
= Simulation: ¢ = 13.1 + 16.5/p_um E
10 P TR N AR SR S W | —

VIR 7 1 15

S g
1/p, (c/GeV) nTracks
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Vertexing
¢ Tracking performances CMIS preliminary 2010 Vs =7Tev

l’é“l11u|||||‘|lllllll T LI LB |||||||||f|:

— T T |||| T T T T T T ||| T :
g 0407<6<050n L~ 15nb 100 s
5 i '.' ° Data 2010 s =7 TeV measured | '*E - E
E .+ Data2010 s=7 TeV unfolded S ]
S ) = 2 80 =
% 102__ i'!!! N DlJeT MC \s =7 TeV truth . o . Data track|1]|<0-4 .
- r L] N 3 -
= | L3 i @ 70¢ ¢ Simulation trackln1<0.4 ]
L= £ C ]

B ‘:I'_;.‘ T E 50_ ]

L e 4 S - ]
e - 50 =

= e e . O C 3]

i, O - o] = 1

S £ “F E
ichep 3 300 tory. ¥

- g - '_'_P.-‘_._,‘:.:: i ]

100 ATLAS Preliminary = 20 E

1 _II||||||||||||||||||||||||||||I|IIIIII_.

4x10° 1 2 3 4567 10 20 1077726 8 10 12 14 16 18 20

Track P, (GeV/e)

IP, Resolution Vs 1.'p1

ATLAS CMS LHCb Dap| VELO Clsed

=+ 2010 Data, Old Align. {v3.0)

0.08 F = 2010 Data, New Align. {v4.1)

o (IP) 60 um 50 um 25 um

¢ Better performance expected: "

Simulation: 12.9 + 20.8/p_um

= Alignment on-going

2.5 2
LHCb VELO Internal 1ip; (c/GeV)
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Tracking

Outer tracker (straw tubes)

O High momentum resolution needed to

separate topologically similar decay modes Eﬁ i 2010 data
E 2010 mc
Z
 Silicon strip and straw-tube detectors for tracking ; o= 250 um
- long lever arm ~ 10 m 3
- hit resolutions ~ 55 and 250 um, respectively E
1 0 1
J Together with precise determination of track slopes residual [mm]

provides very good mass resolutions
- worse by 10-20% compared to MC. But still excellent

 Provides with high vertex resolutions an excellent propertime resolution
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Tracking

VELO-CALO track

s [ ey
8 F ——— .
E sk E TT + IT (Silicon detectors)
® F LHCD preliminary\s = 7 TeV i + OT (Straw Tubes)

0.6F - 4 Tm dipole magnet

0.4F- :

E — Data ] e = 95% for p> 5 GeV
0'2:— — Monte Carlo 1 Ap/p ~ 0.45%
- — ' N - o(b-hadron mass)~11-25 MeV/c?

A Al Ny gy
400 600 800 1
P, [Mevi
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Mass resolutions

K. o

3
g

LHC m, = 497.23 £ 0.01 MeV
Preliminary o, = 2.956 £ 0.040 MeV

vJs =7 TeV Data o,/ 0,=2.24 £0.02
f = (.58 + 0.01

Gauss_0

u,= 5.2754 = 0.0012 GeV/c*
LHCh u, = 53554 = 0.0053 GeWlc*
Preliminary vz 0.0232= 0.0010 GeWic”
v/s = 7 TeV Data Vg, = 524225

=

(=]

- N

o 2 N
o o

-
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.c’- nAaz - 17

c =23 MeV/c?
AT 042106
R, = 0.107 « 0.00

Ny, = 99596 + 348

-
-y
=]

Events / (1 MeV/c?)

Events /{ 0.0225 GeV/c?)

f—y

c = 3.3 MeV/c?

540

56 57 5.8

m,.. (MeVIc?) . G52 53 54 58

Invariant mass (GeV/c?)

LHCb
Preliminary
+s = 7 TeV Data L =33 pb™’

M
-
Q
=]

Preliminary Nyigns = 10049 + 106.7
Vs = 7 TeV Data

t =0.3ps
Nsm"s' =226+ 18

o, = 8.1+ 0.8 MeVic’

c =9 MeV/c?

@
[=]

g = 10.7 = 0.1 MeVic”

Events / { 10 MeVic?

2}
=]

c =11 MeV/c2

B
=]

N
=]

PR 1+ 5 4 |+|*- PR *u M
5500 5600 5700 5800
Mass of A, — J/y A (MeV/c?)

5300
JiyK® invariant mass (MeV/c?)
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Mass/momentum resolutions: di-muon spectra

4
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ATLAS Preliminary
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Particle identification P RICH 1

d LHCb has 2 RICH detectors | Kaon ring

pion ring

A Provide excellent n, K and p separation
over the large spectrum p € [ 2, 100] GeV/c

B T T S " .
g LHCb K'—K': (98.34 = 0.26)%
5 2 Preliminary x*—K': (18.39 = 0.03)%
= \'s =7 TeV Data ]
w 1 "’WMM* g =
= - ]
— .
08 = l = -
1 ‘o 800
06 = S LHCb Preliminary +
‘ + ] S 700 \/s = 7 TeV Data
<
04 H+ .F @ -
y C
0.2 gty + . S .
Wm ] a 500 N(D )= 2216+ 65
O i i )i )i 1x10° N(D,) = 280971
20 40 60 80 100 400 Prescale 0.1

Momentum (MeV/c)

300k | D¥—>KKn D.—~KKn

8000 E—

6000 : 200
3 ®,
- ™ = ]
- 100 ®

12000)- LHCb Preliminary N(D') =192762+734
= \s =7 TeV Data

Events/(2 MeY/c?)
&
=3
o
T

10000~

1%20 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

8000 60 - L
ssoof- D*-Knnr K'K'n* Mass (MeVic?)
a000f- (Only 0.6 pb '1)

2000f- o \“_“

” 1830 1840 1850 1860 1870 1880 1890 1900 1910
Kn*n* Mass (MeV/c?)



RICHes

2 Ring Imaging CHerenkov detectors with 3 radiators
Momentum range of 2-100 GeV
Vital for good K/n/p discrimination

LHCb
Preliminary
\s =7 TeV Data

>
o

c
2
-
&=
w

LHCb data RICH 1

(preliminary)

" Kaon ring
60 80 pion ring /" spugey /

Momentum (MeV/c) ~J

e(K)~95% at 5% of n/K mis-id
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PID allows separation of topologically identical final states

e.g. B—>hh

?)

° .
Zo00 Pmlz_b _ No RICH - plot with -
reliminary . ? 1, = 5.2762 = 0.0010 GeV/c?
§5°° =7 ToV Dats nm mass hypothesis. 3 ;: 0.02300 = 0.00090 ::-evn:2
T Width ~ 40 MeV isp ey Lo
6 o0 DeployRICH |Ei BO—mm
i to isolate “

R=5x10°))

each mode

g
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Calorimeters

Pre-Shower, ECAL and HCAL From ...

- - 0 AR
Essential role at LO trigger 53— 2009
e/,Y, h mean=135.01 0.01MeV [[HCD data

and PID of e, y, ° G =72MeV

N—>yy

o/E ~9%/ v‘s ® 0.8% (ECAL)
o/E ~69%/\E @ 9% (HCAL)

lllllllﬂlllll[lll[l ITIIIIIIIFIIIIIHI[HI]I

100 200 300 400 500 600 700 BOD 00 1“210

P ' . i ] € Y e o . —
= 600 oG = 105.0=8.1 MeVict] 3 129 LHCb Preliminary S 140f l%t'ecl:il:nlnar ...To -
® M,, = 3073678 Mevic?] & \'s =7 TeV Data DO K 0 CO: d 3
; m Ny, = 1162+ 87 0 100 My = 180 119 S 1205 = [ yeV Data -
e | " = 18673 e 1 3 100F .
= a00l- ! ] 5w m, = 1867.3_ 2.7 MeVic % . :
0w — | = Camss = 235 +2.5 MoVIC* o 80F e
- Gmu
2§ +a- LT Y 1 8§ e - - :
o * € > w
s | J/y—e'e W 60f L=37 ph!
200~ LHCb 3 i “ 40k Ny = (198.6 ¢ 35.9)
: F"rehmmary i soF 8 H,,.,, = (52725 + 23.8) MeV/c® :
j Vs =7 TeV Data 4 L ~150 nb-1_ - 20 O = (1288 % 20.2) MeV/c? =
0 ) 7R - T | 1 ok " G: | (A O [H] [ S ST [P~ i o | SR (Y
2500 3000 3500 4000 " 1500 2000 2500 4500 5000 5500 6000
+
M(e*e) [MeV/c?] My...e (MeV/c?) M(K*77) (MeV/c?)
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Calorimeters

n n - w 3 i i —
¢ Electromagnetic calorimeters: > 250319 CME Frefiminery MG Ne=r Tey
- : o M = 134.98 = 0.03 MeV -
= First detectors to be calibrated 8 200 o
Q. - - o
o —
= The 1% —yy candle: S S/B_,, =069
= }5'1'0?'|""|""I""l""l""I""l""l""— :_6150_
% 2202_ 1 mon dteactve minkmom blas MC, £ signal —; D‘; i
L 2005 e i £ 100p
-g 180 Fil to data = E
{}D 1 BD :_ »»»»»»»»» Background component of fit _: o
*aop = 50(~ .
:ﬁgi: E, (v) > 400 MeV - | 1
80F- Er (vy) > 900 MeV @05 01 015 02 025 03 035
60— Invariant Mass of Photon Pairs [GeV]
40F a0 ——— e —
20, LHCb
100 150 200 250 300 350 400 450 500 350F- Preliminary
We =7 TeV Data
m, , [MeV] 300
ATLAS CMS LHCb 250
200
o(Mn?% 20 MeV 14 MeV 7.2 MeV 150
I Ngauss = (1643.4 £ 8.8) 10°
. 100 - Hoess = (134.94 +0.01) MeV/c*
¢ ECAL calibrated to 1.5 - 2% level . o= 128002 MoV
0 i [ P el N
= 7Y resolution close to expectation 1L L L S .

e Even better for LHCb!

1/17/2011
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vy invariant mass (MeV/c?)

23



1/17/2011 E.Gushchin INR, Moscow




m For putu triggers, take
almost everything,
SPD<900. Other triggers
require rejecting events
with large numbers of :
tracks. Cut on SPD PO Mul
multiplicity as it correlates
well & is provided in LO; the

SPD

.......

Overflow __0.008011

multiplicity

erficiency

1PV3D

cut value changed with L
o4 2PV To reduce LO rate
. . . . 3PVID
m This still is a large gain for . APvaD -
. ‘ 3 used
all modes than the original , . SPV3D
olan of 1=0.4 0 500 <eomun =2 SPD cut <450!!!
LHCC, CERN Nov. 17, 2010 .
Entries Q7065
Mean x 356.4
= —— Mean vy 177.9
- = RMS x 191 .1
- = RMS y 113.9 §
- - 0 66 2
= 0| 96735 262
1]

-
=]
=]
]
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Tracking

5 muon stations (MWPC)

e(u)>90% at <2% of n,K/pu mis-id
for p>10 GeV/c

> 0. T ~105 2
o LHCb ] A oy
.g 0.05F Preliminary n data ] §mo C ‘
— [T -4
ﬁ § E o°' p¥ulg gl*if’! ? §!!§ EEEME_
n—>p mis-id © osl- '+
- LHCb
from KS—> Tt o[- Preliminary
C Ve=7TeV
(K—p mis-id from ¢) W i
10000 20000 30000 40000 50000 80 [l L

1mzmmmmm(m)

Momentum (MeV/c)
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Di-Muons states

—
o = 156046 = 714

B/S =2.296 + 0.011

i, = 3094.87 £ 0.06 MeV/c?
13.33 = 0.06 MeV/c?

Ocg =

|||I|||III|I|1|III||1I|Iillllllik

-

2000

pil ||||||||||I||||||1||||||1||1x|||1||17

sl s i i1 e
&00 2950 3000 3050 3100 3150 3200 3250 3300
u*u” invariant mass [MeV/c?]

O (1 GeV/c2)

LHCb
Preliminary
\Ns=7TeV

mean (1S)= 94559+ 1.2 MeV/c?
o (18)= (46.8 + 1.2) MeV/c?
4 N,jgn (18) = 3159+ 78
L~4pb Nignst (28) = 789+ 48
N,ignsi (35) = 405+ 39

LHCDb
Preliminary

~16 pb!

&

Y(nS)

Candidates/(25 MeV/c?)
@Illllllllllllllllll

IIIII‘IIIIIII]IIIIHIIIIIIIIXllllllllllll

|V||I|||IHK||||||X

ot s o Mg 3 #5 ﬂ
PO [Nl e SN VO T VAN W) BT S0 W Y S T L 0 M 0 e PR TR i R MUY F B (e |G e A G v 'y
9500 10000 105 11000 11500 12000 80 920 100 110 120

M(uu*) (MeVic?)

Di-muon invariant mass [GeV/c?]

O (10 GeV/c?) ¢ (100 GeV/c?)
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SEn/vs

1= == f

- MC

LHCb
Preliminary
\'s =7 TeV Data

10000 15000 20000
Pr () + P (1,)MeV

1/17/2011

Trigger

. Delivered Lumi: 42.15
) . Recorded Lumi: 37.66

|50 L0+HLT1

Integrated Luminosity (1/pb)

IIIIIIllIIIIIIIIIlIIIlIIIII

15—

Loose LO cuts, :
HIAGn pass:
thr gh: '

__'__‘_____;__,__;_

g 1 1 1150 1250
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I
I
-
|
L
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7 Re]
.. hig
eve

1300 1350 1400 1450
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Trigger efficiencies LOXHLT1 determined on data
using the tag-and-probe methods:

E.Gushchin INR, Moscow

Muon trigger (J/vy)

94.9+0.2%
93.3+0.2%

Hadron trigger (D°)
60+4%

66%
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LHCb physics program

changes with time :)

CP violation study
Search for new physics
Gamma angle measurements with trees and loops

Rare and radiative decays
+

Electroweak sector (W,2)

Charm physics

Higs, Exotica, etc.

Some LHCD key measurements

| .!.:' "-._.-'.Il: ‘.l._l 101 .
e e y T /v + CPV in Charm

CKM an J| v from loops

KM angle vy from trees
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Jhy=>pup production

First LHCb results gres

Ns =7 TeV
L=14.2 nb™

[nb/(GeV/c)]

Physics reaches at LHCb with
collected data include so far:
Inclusive distributions

== ——

B LHCb data -

A LHCDB simulation (PYTHIA 6.3 Color Singlet) +— —

® LHCb simulation (+ PyTHiA 6.4 Color Octet) * =
P R SR R ST B R

2 4 6 8 10
P, [GeV/c]

Strangeness production

First Charm results

Onia (J/y, Y, Xz ---)
W, Z production

Jet studies

% # Theory | Nason, Dawson & Ellis

First b results

A Theory Il Nason, Frixione,
Mangano & Ridolfi
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LHCb physics current results

“Prompt K% production in pp collisions at ys=0.9 TeV”, PLB 693 (2010) 69
“Measurement of o(pp—b anti-b X) at Vs=7 TeV in the forward region”, PLB 694 (2010) 209

“Prompt charm production in pp collisions in ys=7 TeV”’, LHCb-CONF-2010-013

“Measurements of B? mesons production cross-section in pp collisions
at Vs =7 TeV using B? D" u*vX decays”, LHCb-CONF-2010-012

“Measurement of prompt A-bar/A and A-bar/K’% production ratios
in inelastic non-diffractive pp collisions at Vs = 0.9 and 7 TeV”, LHCb-CONF-2010-011

“Measurement of the J/¥ production cross section at Vs =7 TeV in LHCDb”,
LHCb-CONF-2010-010

“Measurement of the p-bar/p ratio in LHCDb at vs=900 GeV and 7 TeV?”,
LHCb-CONF-2010-009

+ more results are coming soon on winter-2011 conferences !!!
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Charm physics at LHCb

& Probe new physics in charm: LHCb
s CPV from lifetime difference between D' —KK and D'—Kn

Proper lifetime

D% Kn

D’— KK

iy, for 2 bin 2. [0.20 - 0.30) ps | [GeWic)
T

LHED Freliminary

o5& 7 Tod Dana

Comdiianes ! |10 Mavys'|
g i i 1 § %

ssp “-\‘I "

i, for £ bim 2, [0.30 - 0.30] ps | {Gelict)

Cancidatsy | 30 Meve’|

] ] z H
T

Earciiduie | 3.5 Meic’)

>

my, Tor 2 bin 4, [0L40 « 050 ps | (GeWic®) i, Tor & bin 8, [0.80 - 0.70] @5 /| [Ge'We™)

Pl -
ang ]
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I - il
180 = ¥E « 7 Ted Daia
150 =
fan | l -
1an E -
veu !
L
bl Foy
i . 1"
] o ; ialioaim — s
boas s PR, b e | Maic?
m,, for 2 bin 4, [8.40 - 0.50] pu | [Geic®) my for 2 bin 6, [8.80 . 0.78) ps | [Goiic?)
. P L e
w [ Preliminary —| i LHEB Prelirsiin ary
7o Ju =7 TeV Data 3 - % Daka
[ i r
3
[ 2 MW
a
&b
E m
L *
Fr i,
: =
i
[ a

= Search for mixing and CP-violation in D* —K hh

= Search for direct CP-violation in D™ -K-K*n*

s Search for rare D — p'u
» expected UL 4 10 @ 90CL for 100 pb-’

E.Gushchin INR, Moscow 34
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M(D")/0.25 MaVic®

Prospects for charm CP violation

+ +, * . * *
D* - D1, D KTt D* - Drmt; D - KK D(S)—»KKT[
e v T ] «— 60000 T T
LHCh Preliminary h 3 b g - I|;H(I:_b .
. relimin:
~ . [l -.‘...er | . I 2 s0000 =77V D n;m
J'r ?‘;" o'N 103 186
£ 40000F-57" o surmy
/ @ L 1. + 242
y |.|=J‘ 002
/ .\ 30000 — 2 Wi
¢ 3
:‘,. -«\ —
9:'. . ..&"“ﬁ.‘,ﬁﬁ” N E NH‘W"""._'"‘*"".“‘T‘— 20000 —
- > 10000 —

- L L L
Mo s Gevie™ 1800 1850 1900 1950

u_|-1.5 - B 2000
M(D'T)-M(D") m(KK*1) (MeVic?)

Copious samples of charm already available
* e.g. 10° D* - D1t*; D — KK events in 34/pb
e c.f. Belle: ~3x10° in 384/fb
Challenge is to control systematics to necessary level
* work In progress — expect world's best results in 2011

Mass[GeV/c?]
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SM & New Physics

v from trees
* v from loops

* CP violation in the B, system

e Rare B decays
* Radiative B decays

o Flavour changing neutral currents
o examples




Bs->mu mu

New Physics in Bs—mm—

SM MSSM

‘ ..- o ‘-.), H%/A°
—_— _iv_._ ~ Tﬂnﬁﬁ/MH
b W

¢ Helicity suppressed and in SM: BR(B, — pfu)=(3.6 + 0.3) x10°
= sensitive to New Physics; could be strongly enhanced in SUSY

= Current best limit from CDF: BR(B, — pru) < 3.6 x10-°
o BR(B, — pu) < 4.2 x108 from DO

wi|
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B.—ouftu—: ATLAS/CMS

¢ Expected results (assuming a(pp — bbX) = 500 ub) @14TeV:

—mm

ATLAS (10 fb!
CMS (1 fo-1) 2.4 6.5 <1_640'5

« with 10 — 20 fb-! SM prediction region 2.110°¢° atds = 3 Tev 1o 14 TeV value assumed n Mo Uty
30 evidence after 3 years@1033 —— ,
i 50_ observation after 1 years@1034 Exclusmnllm*lnt étQF) Yo ,CL,at Ixfs=l7TeIV

B.—outu: LHCb

expected ~ 6 signal
events and ~ 30
background events
for 1 fb-

Do (6.1 fb)

&

CDF (3.7 fb-1)
DO (11 fb-)
|| .

¢

CDF (11fb) |

BR(B "= 1) (x107)
3 =

LHCb MG
i SM prediction s

v T I T | T I 1 I T | T ) T 1 1 T
0o 01 02 03 04 05 06 07 08 08 1‘.‘ 1
T L)

1/17/2011 E.Gushchin INR, Moscow Close to CDF limit possible 20117
already end of the year
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B} — K*utu~ Potential

» Another excellent place to look for New Physics!
» BY — K*utyu~ rare but not as rare as B — .

BR(B% — K*utp~)= (1.05791%) - 10-8 [ppG]

» Decay provides a large variety of observables.
» The aim is measuring angular observables.
» This talk: forward - backward asymmetry.

i
Higgs l\ux (

",
.'n N
s ‘
.~ ’
. - - - 4 -
1§ - 1
Chargino loop f

i

Neutralino loop Gluino loop

E.Gushchin INR, Moscow
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BS — K*ut i~ Forward-Backward Asymmetry

Definition of the forward - backward asymmetry Agg:

Ars( q2) — NF+NE

with:
1 2
NF = [, W;w;dcnsﬂ;, Ng = [° 1 aancasa dcosé
8, = angle between p™ and B in the di-muon rest frame

q*=m

o di-muon invariant mass squared

E.Gushchin INR, Moscow 40
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BS — K*utu~ Arg Measurements

» Data at B-factories and CDF show preference for a
non-SM contribution, although not yet significant.

1 —SM
: -C7=-C7SM
20.5 |- LS
& [ | s o 2CDF Run Il Preliminary L=4.4fb"
OF <“- : .AFB(BO = K.OWF-)
SR AN N W 1| I 0 O A 1,5_— # Data
0 2 4 6 8 10 12 14 16 18 20 - " SM =
- we- C.=-C
[ arXiv:0904.0770v2 (2009) ] a*(GeV?ic?) i : -
i . [ ' = ol e .m'-wﬁ’“i"“““‘ 2 g
1 --C7=-C7 SN . . o N e
0.8 | - C7=-C7 SM, C9 C10=.-C9 C10 SM £ K=
0.6 | e @ | & '
@ b = 2
04 E -0.5—“.'n..l..vl...\...i...luu..;l‘“l“
0.2 3 0 2 4 6 8 10 12 14 16 18
0 3 q? (GeV?c?)
-0.2 = [ CDF note 10047 (2010) ]
-0.4 —;
3

-0 ,.,,,.,,.,1,.,,.,.,,1_.4,.,,1.:,.,,.,,.,L,,.,.,,,.,,lE,.,,.,,.,,L,A,,'.,,.,,L',.,.,,.,LA,,.,.,,1,.,,.,,
% 24 6 8 10 12 14 16 18
[arXiv:0804.4412v2 ] q*[GevicY

0
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BS — K*utp~ LHCb Perspectives
» With 1 fo—' LHCb expects 1400 signal events.

0.2 with 0.1 fb~1

2 21,4\
o(Are)(1 <q" <6 GeV /C)_{O.O7with1 o1

1400 K*II

5 g
2% 100 K* |l 02 =l M
Ps%ofdata  Of—PESE A
100 K*I 'g:‘: ' /
[4.4fb"] i :
_0'6 ........ il [YEI T SV EFEE LTI I S SN I S

0 2 4 6 8 10 12 14 16 18 20
nzlGonm‘l

» Forward-backward asymmetry: expect a competitive
measurement with 0.1 fb=.

» Expect to determine Arg = 0 with a statistical uncertainty
of +0.5 GeV?2 with 2 fb—1 of data. [LHCb-PUB-2009-029]
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Prospects for B_— @y

* Time-dependent asymmetries in b — sy transitions act
as a photon polarimeter

» probe the V-A structure of the weak interaction
« B factories have studied several Bd channels

« but B - @y Is the golden mode for this measurement

b >syYS

P

& B - Ky (K'T)y In 26/pb

FEE TN A Y

BauBar — 0T [
D rd (20040711 ! : —~ F .
Belle . g3z 0.8 % s Do K(KmY p = 5295 + 44 MeV/c?
PRD 74 (2006 TTTTéET - 2 L LHCbPreliminary mik')
Average 02z C - 4 _ 2
Hf‘.ﬂ.ugtﬁjrluldtad =vEral . g 301 Lint = 26 pb Omicy) = 133 £ 55 MeVie
HaBar - [ 3 r . 5 L =
D 7 (2uud) oM r : ‘g 255 Naigna = 4917
le 0.1 - 031 - 0oy =
BRI 74 (2008} 111 — - &
fverge r -
HEAG Correlated avarage - C
BaBar . g LOZ 15
PHRD 9 (2009) ! -
Average : r A4S 10
HFAG Torrelat - -
Helle: R 5 L 5
PHL 101 (2008) 2516007 - +
Averagd g " b - L34 -
HFAG Tarrelated averdge : : 0 T T T T
Belle o T L '.‘.' o4 TEEM: 4500 5000 5500 m[ws-?]{:nmewczl
(CHEP 2010 prelmimar .. '
Averaga : - . 074+0g"
HEAG correlated averag ¥ o N INR, Moscow 43
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B. measurements from B, — JAy ¢
+ The interference between B, decay to J/y¢ with or without

B —— Jly¢

mixing gives rise to a CP violating phase ©. ~_-_

= |tis a sensitive probe of New Physics: B,
o Itis well predicted in the SM: ®=-2p.=-0.0368+0.0017
o New particles can contribute to the B.-B, box diagrams and

significantly modify the SM prediction 5 = o1 i
= |tis not a pure CP eigenstate (VV decay) % % ) —
B’ VT We B
>

o 2 CP even, 1 CP odd amplitude +NP?
* |nitial states must be tagged d.s u.c.t b
* Final states need to be statistically separated through angular analysis
* Mistag and proper time resolution are crucial. ..

o TEVATRON DIE::_:DF Faunn;:lz:imaw L=52f' os =TT g;z-ggficgii

|
i = By — J/¥¢ = 17.77+0.12 ps}
CDF and DO set :a‘ — 68% CL
confidence level
bounds on
Als - Os

1/17/2011
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B. measurements from B, — J/\y ¢

Prospects @14 TeV assuming o(pp — bbX) = 500 b

ATLAS CMS LHCb
Integrated lumi (fb1)
2.5 2.5 0.5
(1/4 of nominal year)
B.—»J/wd events 23k 27k 30k
0.30 0.33 >
Background (B/S) ED?TG;EC{ EO?'MTEC{ 90% prompt
y J/wK*, y J/wK*, . .
T /wkn T /wkn 10% long-lived
Mass resolution (MeV) 16.6* 14* 16.2
Proper time
resolution (fs) 83 7 40
: e Qjet e K, Qvtx,
Flavour?_* ’:aggmg (0S) Not yet 0S+S5
eD? (%) 39 0 6.2
o(Ar'./T,) 0.045 0.028 0.023
0(2[35) 0.16 No estimated 0.06

(*) Jpsi mass constraint, lifetime biased

Standard Model: 2p,=0.0368+0.0017

E.Gushchin INR, Moscow
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B. measurements from B, — J/\ ¢

¢ ATLAS/CMS: Expected LHCDb sensitivity
= use Bs lifetime cuts! 10TeV - o(pp — bbX) = 292 b

o
e main background £ CDF 5.2fb" FPCP 2010
is long-lived -
=
» main systematics: ° oal
control of ' Do 6.1fb™ ICHEP 2010
acceptance : _
_ 877 + 32 B_— J/)g events in 34/pb 0.3 R LHCb preliminary 7TeV; o(bb)=292ub
¢ LHCD: + of. CDF ~6500in 5.2/ ; — Uncertainties on o(bb)
= DoesNOTuse Bs o2 o BB )
lifetime cuts :
» main background “r
is prompt - oMvale
) . 0 N I T T S I I B N R
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.2 0.9 1
e Maln SyStematICS A_T Integrated Luminosity (fb’1)

Is mistag and
proper-time First result possible already

- i A a
with 50 pb-' data LHCb: yield for 0.2 fb-!: ~ 7 Kk

resolution comparable to CDF @ 5.2 b
1/17/2011 E.Gushchin INR, Moscow 46



Status of y

Tree-level decays

“Loop” decays

O
O

Standard Model benchmark
measurement of y

Measurement of y
sensitive to New Physics

0.7

Fit with "trees” only : y = ( 71 + 21/25)°

0.6

0.5

0.4

0.3

0.2

0.1

0.0

excluded area has CL > 0,95 7

T T I T I T r T T I T T T
i

T v(©)

1/17/2011

-0.4

ICHEP 10

-0.2 0.0 0.2 0.4 0.6

p

E.Gushchin INR, Moscow
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o

| Taken from CKMfitter
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Tree vs loops - consistent
0.7 > SRR B T W
- : | 7E -
08 £ s (e e S =
F “ .
o5 F—3 sin2p =
C o -
s |8 E
= F & -
o> S =
= -
. =
oo By . W, N . <
0.4 0.2 0.0 0.2 04 0.6 0.8 1.0

= But consistency is only Bt the 5% level

s Same for B, — CP violation in J/y ¢ (not
iIncluding DO A, ) =limits on NP are not so strong

1/17/2011 E.Gushchin INR, Moscow



Measurement of y from B* - DK*

B*
u

v

vuh

b

us

K+
BI—

vch

c o w cC

D’

Dl]

2]

5 .
K
u

Interference between tree amplitudes gives CP violation
effects that depend on their weak phase difference (y)

DCP

BaBar _
PRD 82 {2010] 072004

Belle :

PRD 73, 051106 (2008)
CDF :

PRD 81, 031105(RY (2010)
Average

HFAG

-UE U

1/17/2011

1.5
K A} ‘ ICHEP 2010 1.0
Ll + AL IRATNARY
[ 0251 0.06 | 0.02
0.5
" 0.06 1 0.14 1 0.05
IS 0.0
s 0291 0.17 | 0.04
= * Y
0.24 | 0.06 -0.5
:
0.z U..4 0.6
-1.0
-1.5
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sin2p
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LHCD yields in B* - D1t* & B* -~ DK*

B D1t with D - KK B*— DK* with D - K

Events / ( 11.8 MeVic?)

- 1 I L]
0 2 LHCb
LHCb S 120 il
200 Preliminary 2 Preliminary
\/s = 7 TeV Data o 100 \s =7 TeV Data
-
150 = 80
m, = 5275.23 = 0.90 MeV —
100 0y = 17.117 + 1.653 MeV -E 60 m, = 5278.15 + 1.57 MeV
9, = 53.839 = 13.227 MeV 2 & = 21.896 + 1.529 MeV
Nyeynw = 1035 = 54 w40 Ny, e = 444 + 30

th
=

::::::

3200 3400 3600
5200 \ 5400 5600
mg (MeVic?) m (MeV/c?)

LHCDb yield with ~34/pb : 1035 = 54 LHCb yield with ~34/pb : 444 + 30
c.f CDF with 1/fb * 780 + 36 c.f. CDF with 1/fb : 516 + 37
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Prospects for direct CP violation
measurement in charged B decays

- EXxpect to observe >50 effectin B* - D__K* with 1/fb

. Excellent prospects also in B* - DsupKt (ADS analysis)

T T . o — + +1,— +
and B=-D_ K Signals for (K 'r)m* and (K K'K?)1t* in ~34/pb
Dalitz S S
= I

~ / - L .
> 180 : ?  30E- 3
3 s ; s % LHCb E
N a0 3 o 25F Preliminary 3
;;12') E :':.: sk Ws=7TeVData 4
E 100 :i: L, =33.0+ 3.4 pb” f E
& soE HE | Majgna = 443 = 32 3 o 15F

my, = 5271.8 + 1.5 MeV J

L' - 1 - = " N " A " "
5200 5400 5600 5200 5400 5600
B* mass (MeV) B* mass (MeV)

e Several other possibilities for the first observation: for
example B* - p°K* (in B* - t*'1T"K* Dalitz plot analysis)
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Combined sensitivity to y from
B - DK

» Estimated sensitivity described in LHCb roadmap
document arXiv:0912.4179

« Nominal conditions (14 TeV, .7 = 2 10¥/cm’/s)

Table 11: Expected combined semsitivity to 4 from B — DR and time-dependent mea-
surements for data sets corresponding to integrated luminosities of 0.5 and 2 fb™!'. The
table is taken from Ref. [9]. In these studies the Level-) and Level-1. a precursor to HLT1,
trigeers were included. The HLT?2 trigeer was not included.

dge (7) L 45 W 135 180

a, for 057" (°) 81 10.1 93 95 7.8

a. for 2 fb™! (°) 41 5.1 i8R 51 3.9

« At 7 TeV, o(bb) is lower by a factor of about 2
« Estimated sensitivity of ~7° with 2011 data

1/17/2011 E.Gushchin INR, Moscow
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Also

Measurement of y from B_— K'K™

« LHCDb yields in ~35/pb: 254120 BS—> K'K™ & 229+23 Bu_' T
. c.f. CDFin 1/fb: 130764 B -~ K'K™ & 1121+63 B - TU'TT

» EXpect first time-dependent measurements in 2011
« (Including measurement of B_lifetime in CP-even K'K™ final state)

Compilation of C'FP Asvimmetries for B, modes

RPP# Mode PDG2010 Avg. BABAR Belle CLEO CDF New Avg. |
22 K'n New 0.39+0.15+0.08 0.39+0.17 |

1/17/2011 E.Gushchin INR, Moscow
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Prospects for direct CP violationin B, — K1

0 —rt 0 o
B KTt B, -KTm
d/s d/s
L120[- L120F- '
3 [ LHCD 35/pb 3 [ LHCb 35/pb
1001 Preliminary _ @100 Preliminary
g'm—ﬁﬂrevnata _______ _ﬂ—l;ﬂ;evna_ta .
s [ s [
: °F s *F :
| s [
aof- aof—
= B E 3
w Mo s T — — NGy — KN\, ——y
89 "% 51 52 53 54 55 56 57 58 895 51 52 53 54 55 58 57 58
Invariant mass (GeV/c?) Invariant mass (GeV/c?)

« Raw asymmetries clearly visible in existing data
* Central values consistent with expectations & previous measurements
 Calibration and evaluation of systematic uncertainties in progress
« B,/B°yield = (10.74£2.0)%
— evidence for CPV in both
* Using tight cuts A-(B,)=-0.43+0.17
— stat error only, no corrections (CDF: 0.39+0.15+0.08 in 1 fb!)

1/17/2011 E.Gushchin INR, Moscow
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- 2011 and beyond - expectations

® 2011
Ready to have detector, trigger and readout operating at 2-2.5
interations/bunch crossing at a maximum instantaneous luminosity around
3-10% cm3s.
Expect to collect an integrated luminosity ~1 fb-! and perform full physics
programme.

® “lstrun”

Expect to collect up to 6 fb! Upgraded Sensitivities (50 fb)

Observable Sensitivity
® Upgrade CPV(B,—4) 0.024
Expect to collect 50 fb-! (5 years at 10fb™! /year) |(REdlmaa® 0.027-0.064

CPV(B,—>J/wb) (2B.) 0.004
CPV(B,»>JiyK,) (2B)  0.004-0.014
CPV(B—DK) (7) <1.4°
CPV(B,—D,K) (7) 1.4-2.8°

Increase nominal luminosity to L=10%° cm?s!
Detector read-out at 40 MHz.
- Allows fully software based trigger.
* Keep 20 kHz HLT output rate.
Phase-I (2016)
New FE-electronics for 40 MHz readout
- Novel Velo pixel detector

- RICH photon detectors replacement

- New TT, IT tracking system Charm mixing y’ 4x104
Charm CP y,.. 2x104

B(B.->ptp) ~15% of SM
Arg(B—oK ptu-) Zero to +0.1 GeV?
G(sin2w)(B,—dy) 0.03
Charm mixing x"? 3x10°

1/17/2011 E.Gushchin INR, Moscow




Future plans and expectations

2015

Upgrade

1/17/2011

I
Observable Sensitivity SM
CPV(B,—J/wd) (2B,) 0.03 0.04
y tree 5° 67.2°
B(B,—p ) Observed at 3c 3.6 x10-*
Ag(B>K o) 0.5 GeV2 4.36 Ge\?
CPV(B,—dy) 0.22 0.10

I
Observable Sensitivity SM
CPV(B.—~Jyd) (2B.) 0.003 0.04
y tree 1° 67.2°
B(B,—p) 5-10% of SM 3.6 x10*
Arg(B—>K ) 0.07 Gev2 4.36 Ge\2
CPV(B.—dy) 0.02 0.10

E.Gushchin INR, Moscow
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Next generation B factories

« LHCDb has great potential in many — but not all — sectors
* Two important examples only accessible in e*e™ collisions
* B"~ 1V, MV, ev & rare T decays (except T 3u)

* Two next generation experiments proposed
» Belle2 — upgrade of Belle, approved in Japan, commissioning

starts 2014 s“"ErB

» SuperB — new Italy-based project, reusing BaBar/PEP-II
hardware, awaiting approval \ ’

* The two designs share much in common
» One difference: potential for beam polarisation in SuperB

Super
Super H H KEKB
Strategies for increasing luminosity O KEKB, Machine design parameters Q e
Baam-beam parameter arameters KEKB SuperkKEKE units
If_aocr;e:rtz Beam current / P LER HER LER HER
- \ s
b < N Beam energy E, 3.5 8 4 7 GaV
T }ﬁ_=(1 i][‘!j:‘] R, l—cur’onsi;ir:;';c:;"l’;;acmr Half crossing angle @ 1 41.5 mrad
Zer, L) f’:. R .. Tune shift reduction factor Horizontal emittance € 18 24 3.2 50 nm
e 7 \ (hour glass effect)
Classical election E N\ 08 -1 Emittance ratio K 0.88 0.66 0.27 0.25 %
radius / \ (short bunch) S
Beam size ratio@IP Vertical beta function@IP Beta functions 2t1P | B by 120015 S2/0.27 | 25/0-51 § mm
1 -2 % (flat beam) Beam cumrents Ib 1.64 1.19 3.60 2.60 A
(1) smaller p,* — “Nano-Beam” scheme beam-beam parameter gy 0.129 0.090 § 0.0886 | 0.0830
g)) IIH';:;:::‘_! ReRm currante Luminosity L | 21x10% 8x10  [emst
Sy
Collision with very small spot-size beams + Small bearn.sue & high current to increase luminosity
- Large crossing angle
y- Change beam energies to solve the problem of LER short lifetime

Invented by Pantaleo Raimondi for SuperB
M. Twasaki, ICHEP2010
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B-Basics: Upsilon

e Bound bb states

900—
— o(1S) =47 MeV - LHCb . 2
800= Ppreliminary mean (15)= 94559+ 1.2 MeVle
o s G (18)= (46.8+1.2) MeVic
(8] 700 — s=7TeV _
S = 1 Ngignat (15) = 3159+ 78
2 o0 J L~4pb Nyignat (25) = 789+ 48
= - Nqignat (35) = 405+ 39
N 500 }H{ﬁ}
@ '
O 400—
§ - %
= 300=
S 200~ : ""
o = i
100— i
— S B iy L
— Il Il Il Il | Il | Il Il | Il Il Il | | Il Il Il Il | | Il | Il | Il Il Il Il ‘ Il Il Il Il | Il | Il ﬂ
gdo0 8500 9000 9500 10000 10509 11000 11500 12000

M(u'u*) (MeVic?)



B-Basics: B*

* Exclusives: e.g. B*->Domt*

Br(B—>D°m*)x
Br(D°—>m*K)
=1.9x 104

~34 pb!

~1800

™

LHCb

§1600

2 1400 Preliminary
o \s = 7 TeV Data
< 1200

m, = 5275.16 + 0.30 MeV
oy = 40.661+ 3.169 MeV
o, = 19.461% 0.624 MeV
Ngignal = 7786 £ 98

Events / £1
Q0
S

5200 5400 5600 ,
mg (MeV/c”)



B-Basics: B*

* Exclusives: e.g. B*->D°K*

Huge statistics at | % uo LHCb
LHC i 100 \Er:e 7I::\:I:t? -
LHCb yield with = 80 E
~34/pb 1444 + 30 -5.'3; 60 m, = 5278.15 + 1.57 MeV —:
c.f. CDF with 1/fb : S w0 prAEeL IS
516 + 37 obT b

0 M 1 .1'* M M g M M g M
5200 5400 5600 5
mg (MeV/c?)



B-Basics: B*

B—>DO(K,mtm)m

B—>D°(K.KK)m

- o T T T = - = T T T =
g 160F E S sof .
E 160 LHCb E E . LHCb ]
N 1a0f Preliminary 3 N 25F Preliminary -
‘\‘; 120: Ns=7TeVData > 205 \s=7TeVData 3
€ _ . = - L, =339:34pb" 3
d>, 100: Iﬁ:t_|3=3-494§i432pb E g 15-— N5i9“|=78.419.6 -]
W gof- m, = 5271.8 = 1.5 MeV w my = 5270.9 + 2.1 MeV
605_ o=23.5=+1.6 MeV _E 10 ‘ 0=223+22MeV _:
40 = a E .
e : Ao

ot 1 ] . ] SO C . A A - ¢ liele .o

5200 5400 5600 5200 5400 5600
B* mass (MeV) B* mass (MeV)
~34 pb_l Prospects for d.lrect CP violation
measurement in charged B decays
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Ibo

CDF ~6500
5.2/fb

e c.f. DO:
~3500 in
6.1/fb

sin2[3

B-Basics: B, —J/h

I 1
S 20006 | Hep Lospe
I% 1800F  Preliminary Nggnar = 10049 + 106.7
1600 =
[ 1400 \s=7TeV Data 66 =10.7+ 0.1 MeVic?
€
> 1200
1000
800
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400
200
0 1 1
5200 5250 5300 5350
JiyK* invariant mass (MeV/c?)
N 1 1 1 1
o 300 0.3
= -3 ps
e o
= 250 Preliminary Nsigna = 877 £ 31.59
2 200 Vs =7TeV Data 06 = 7.28+ 0.24 MeVic?
c
S
i
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Jiyo invariant mass (MeV/c?)

[ LHCb

(7 MeV/c?)
W
(3]
(=]

_300:— Preliminary

% [ \s=7 TeV Data L =33 pb" t>03ps

£2501 Nejgna = 1100 37
200E G, =9.41 0.3 MaV/c”

5900 5200 . 5300 . 5400
Mass of B’ — Jiy K (MeVic?)

LHCb
Preliminary
\'s = 7 TeV Data L =33 pb”

(7 MeVic?)
W
[3)]
(=]

(2]
o
(=]

t >03ps
N, =1100+ 37

Events /
N
[3)]
[=]

Signal
G, = 9.4+ 0.3 MeVic’

L a1 PR T T M
5%00 5200 5300 5400
Mass of B’ — J/y K] (MeVic?)

J/PKO

~ 15 pb?

J/UK,



B-Basics: B,

B,—~>D,(pm)m B.~>D,(K"K)mt

> I T T T I T T T I T T T I ] > 120 [— I T T T I T T T I T T T I —]
) ] ) . -
s 140 ¢ Nygna =413 22 73 = - + Nyignal = 261 + 23 .
- 120 - = = 1001~ - .
= 34 pb Ormass =20 £ 1 MeVic? = 34 pb Gpase = 20 £ 1 MeVic2
£ 100 ‘ E 2 sl | E
g ! LHCb preliminary . g C LHCb preliminary ]
dJ = o 60 -]
* } Ne=7TeV = *® Ns=7TeV .
: 40 ]

3 20 =

L | L 1 1 L 1 L : 0 L 1 L | 1 1 LTea® L
5200 5400 5600 5800 5200 5400 5600 5800

B, mass [MeV/c?] B, mass [MeV/c?]

~34 pb

Large signals for B.->D it (used for Am, measurement)



B-Basics: B,

* Prospects for y measurement from B.->D.K
— Final states under study
— First Time dependent analysis in 2011
 Combined sensitivity to y from B—>DK
— Estimated sensitivity of ~7° with 2011 data



B.: a new decay mode

—_ — ———————
> LHCb
B D_Xuv ® 160 » - N
>DoXuv, 30| rgiminary Mo -
+ o 140 _ . = 89
Dszé DOK - w Ns=7TeV Da“’,’ mn{n;{zs?a;'h 2560.6 + 1.5 MeV
< 120 | r(D_(2573)) = 15.4x 4.3 MeV
7] \ :
'E 100
> \
(1] 80 !
60 v
40
2“

: A T P o L T TR T OIS Oiod
2400 2500 0 2600 27 2800
M(D°K)-M(D%)+m(D oo (MeV)
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bb cross-section

Physics Letters B
694 (2010) 2009.

o(pp—>bbX) using b—DXp
v, D°—K T,
~280 events

~15 nb?

1/17/2011

x -Untriggered
e - Single Muon Trigger
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-51726PD-3&_user=107896&_coverDate=11/08/2010&_rdoc=7&_fmt=high&_orig=browse&_origin=browse&_zone=rslt_list_item&_srch=doc-info(
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BO— K+

CPV

1/17/2011

Towards y and CPV

~ F —~160—
2 r w, = 5.2762 = 0.0010 GeV/c? 2 F u, = 5.3612:x 0.0020 GeV/c®
140— — _ . 2
&'k IF_’l;le(I:i?ninary o= 0.02300 + 0.00080 GeV/c? &1 Iﬁl;letl:i?m nary o= 0.02300 = 0.00090 GeV/c
wn - _ iy v = 254 + 20
%12‘3_—\@:7&»‘ Data Vo = 220223 §120ﬂ'§=?TeV Data KK B K+K
8100 :E; 100 s >
E g |
w o 80 —

8 8§ 8 8

+

IR B AT I P TR RIS SR N SR PRI IRRTR NI N
O ——8i " 52 53 54 55 58 57 68 % 51 52 53 54 55 58 57 58
Invarlant mass (Gevic A Invarlant mass (GeV/e?)
AY
— C \\ 4
L350 u, = 5.2762x 0.0010 GeV/c? AN 1 -
= C d ~s- ~ -1 -
E - LHCb u, = 5.3612 = 0.0020 GeV/c? ; 35 pb
300 Firellmlnary o= 0.02300 + 0.00090 GeV/c? /
=) r \'s=7TeV Data !
B0 i We will get as many Kzt in 0.5-0.7
E ! } . ;
8200 fb! as Belle in 1000 fb!
: ‘/
150
C i =
100t |_— BS—) K*mt=
50
0 PN TR T ST MY S A N R |
5 51 52 53 54 55 58 57 58

Invariant mass (GeV/c?)
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CPV

on the horizon

LHCb
reliminary
=7 TeV Data

Events / ( 0.0225 GeV/c?)
[=)
o

e s e e

5.4

o"IlllllllI|III|III|III|I

B./B° yield = (10.7+2.0)%
— evidence for CPV in both

Using loose cuts A(B°)=-0.134+0.041

IS
T
T
g

Events / ( 0.0225 Gdv/c?)
o
[=]

i 53
Invarlant mass (GeWcz)

\\(

— stat error only, no corrections (HFAG: -0. 098+0‘01@((\

Using tight cuts A.p(B,)=-0.43%0.17

Q
\2\\

— stat error only, no corrections (CDF: 0.3940.15+0.08 in 1 fb?)

1/17/2011

E.Gushchin INR, Moscow

= \‘
54

%55 56 5.
Invariant mass (GeV/c?)

caveat: RAW
NUMBERS - no
corrections yet
applied
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B-oscillations seen

* B,—>D*uvX

| Flavour Oscillation signal region |

g F LHCb Preliminary
S 02 Vs=7TeV
2 -
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B 9 I I1ﬂ
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=
=
[ 4]
w
'
o
o
=l
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Rare B decay: B.—>pp

> 56000
[0 0 sa,
2103 * Data LHCb > . LHCb
S WE dimuon Preliminary L5800 . Preliminary
~ — \[_ _ — _ -1
D _ s=7TeV, Vs=7TeV, | Ldt~215nb
2L+ 215nb~ ! 7 ’ @5600 &
® E. Background m B, mass region:
o | |

M(B, & 600 MeV:

-y
o

5 #
+ ’W’ t e .}

et Data/MC = 1.540.4
: “‘E}" : E Y

3000 3500 4000 4500 5000 5500 6000
M(u u) [MeV/cT]

0 01 02 03 04

05_06 07 08 09 1
Geometrical Likelihood

Good agreement between mass distribution of background events between Data and MC. No evidence for

excess of background in data.

Background events populate the low Geometrical Likelihood region.
Signal & B—up control channels are at in geometrical likelihood

Geometrical likelihood depends on based on B kinematics
- Lifetime, Impact Parameter, Isolation

1/17/2011
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Radiative Decays: B°—>K*°y

e NP search

37 pb
199 events

1/17/2011

o —T T T T T 7T T T T T T T T
R .
= - LHCDb
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E 120 =7 TeV Data
L °r
= 100F
et
S 8of
- C ..
Ll - T
60F
40 N, =(198.6 + 35.9) + +
- u.. =(5272.5 = 23.8) MeV/c®
20 Ogaues = (128.8 + 20.2) MeV/c®
u: 1 L L | L " L " l " L " L 1 L
4500 5000 5500 6000

E.Gushchin INR, Moscow
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b-hadron fractions

f/(f,+fy) = 0.130 £ 0.004(stat.) = 0.013(sys.) [preliminary]

LEP: 0.129 + 0.012
Tevatron: 0.18 £ 0.03

8.3 o significance for
N(D, (2536)") = 155 = 15
N(D_(2573)) = 82 =16 Bs = D«p~v mode.

D, (2536) — D*(2007)° K* r"(l":;'éffaﬁ):?ﬁ?fﬁi e Discovery!
missed ° or y

|rm= 2045 MeVI LHCb
Preliminary
\s = 7 TeV Data

24l00 . 22600 2700 2800
M(D°K)—M(D°)+m(D°)PDG (MeV)
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Inclusive ® cross section

Test QCD fragmentation models

)
§ g

_—
LHCD preliminary 2.44 <y <4.06 -
\s=iTeVand Lz46nb'

L1 lllllll

do/dy [ub]

T

[} Illlll

------ Perugiad MC
—— LHCb MC

T lIlll”[ LELBLER BLALL

do/dp_ [pbAMeV/ie))

~——— LHCb Data ) ;
<eeeee Perugiad MC LHCb preliminary 0.8 <p, <5 GeVic

— LHCbMC \Ns=TTeV and L=54nb"

IITIIII'

[
i

[k bl b s Ty |
T4 AT Illllllllllll [
| bbb Lk R b  JLALRL

|

AT
0001000 1500 2000 2500 3000 3500 4000 4500 5000
pT(MeWc)

the measured kinematic range
o(pp — 6X) = (1403 = 12(stat) % 12(5yst) = 200(5yst) b
y € [2.44,4.06 M € 10.8,5.0] GeV /c
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Differential cross-section (pb)
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25

=
(Requiring both muons =2 L —
have pt>20, 2<n<4.5.) i 5 -
BlE | i .—MCFM NLO with MSTW2008
oz | |
FEWZ NLO o -
< with -
MSTW2008 C .
PDF 02 +
04" Differential distributions W 1
| C
| 0.6 —
i i i L Il | L L J L I 1 1 I 1 L L L I 1 | 'l L I L I A
35 4 4. 2 25 3 5 4 4.5;
Z rapidity Lepton Pseudorapidity

W analysis

+ Z (fixed with sim)

QCD: fit fraction. {shape from data)
W+ fit fraction (shape from data)

50 G50 20 30 40 30 &0
Lepton transverse momentum {Gey)

and all found from data.




« prompt KO, absolute production cross section at Vs = 0.9TeV presented:

- p; spectra tend to be "harder” than PYTHIA predictions
- extended measurement range to lower pyand new y range

« prompt A/ Aratio at Vs = 0.9TeV
- tends to be lower than PYTHIA Perugia0 and LHCb tune,
lower at larger y

« prompt A/ Aratio at Vs = 7TeV
- in fair agreement with PYTHIA LHCDb tune,
quite flat vs. y

« promptp/ p ratios at Vs = 0.9TeV and Vs = 7TeV
- show similar energy dependence as A /A

« prompt A/ KO, ratio at Vs = 0.9TeV and Vs = 7TeV

- baryon suppression in hadronization is lower than predicted

1/17/2011 E.Gushchin INR, Moscow
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Open charm cross-sections (D* D% D*, D,) @\s =7 TeV

D,+c.c. cross-section

rrrTTTT T T

LHCb,V5=7 TeV |

0<p, <8 GeVic

- @ LCh Preiminary
[+ s— Pyt [LHCD tunz |

Combining D%D*/D*+/Ds*

NCetal

o(pp—ccX) = 1234 + 189 pb (pT< 8 GeV/c, 2<y<4.5)

D.+c.c. cross-section

(pp—ccX) = 6100 + 934 ub (full accept.)
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