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B Physics as a probe for New Physics I

Standard Model (SM) cannot be the ultimate theory !

» SM could be a low-energy effective theory of a
mor e fundamental theory at a higher energy scale,
probably in the TeV region = accessible at LHC !

How can New Physics (NP) be discovered and studied ?

» NP models introduce new particles, dynamics and/or symmetries
at a higher energy scale, and these new particles could

v be produced and observed asreal particles at energy frontier machines
like the LHC - detected by GPD (ATLAS & CMYS)

v appear asvirtual particlesin e.g. loop processes, leading to observable
deviations from the pure SM expectations in flavour physics and
CP violation = detected by LHCb in B decays
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B decays in the Standard Model and beyond |

virtual particles appear in loop mediated processes

b MSSM o " b — >

d
' 9 n
B, 2> u'u “s-channel penguin” Tree diagram \§VJJJ‘<: 5
C
d

d,s—» 2
HYA°

Penguin diagram ?
s (7).
—> > S
s 6 W New B “(Q(& >
~ tan’B Physics -

Box diagram

b_< . u,c,t ) d.s
v" Dominant decay process: “tree” b—c transition R - ) ; BY
v" Very suppressed “tree” b—u transition E = P
v" FCNC: “penguin” b—»s,d transition 43 ucx "%
v" Flavour oscillations (b—t “box” diagram) ’ o
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B production in LHCb |

v bb pair production correlated and sharply peaked forward-backward
» forward geometry: 15-300 mrad, unique 5> n> 2 coverage
> cross section of bb production in LHCb acceptance at Vs=14 TeV: Gpp ~ 230 ub
> B*,BY, B, b-baryons , B,
v" LHCb limits luminosity to few 1032 cms! instead of 103* cm2s™!
by not focusing the beam as much as ATLAS and CMS
» maximizes probability of a single interaction per crossing
» reach ~design luminosity in first year!

g e A
E L - @ 09090900 . s aa =
C 102 |-
= — TS
= E LHCb -
o L 230 ub

1 1 | 1 1 1 l 1 1 1 | 1 1 1 | 1 1 1
2 0 2 4 6

eta of B-hadron

> collect 2fb™' per nominal year
—> ~ 10'2 bb pairs produced per year
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Requirements to detector performance |

Triggering & selecting B’s
v" B’s have a typical decay length of L~Icm in LHCb
» good vertex resolution

v" B decay products have large transverse momentum (because of their high mass)
> select particles with high p, that come from displaced vertex

Reconstructing B decays

v" Efficient background suppression
» good mass resolution

» particle identification
v" Time resolved measurements for B, decays

example: B,.—DK decay

» good decay time resolution

Tagging flavour of the B at production

v' opposite side tagging of companion B (e.g. charge of the kaon in the b— ¢— s chain)
v' same side tagging (e.g. charge of the kaon accompanying the B,)
» particle identification
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Overview of LHCDb detector |

M4 M3
M3

M2
SPD/PS prosny’ =

ECAL
M1

Al

T3 RICH2

| | | | | | | |
S5m 10m

forward spectrometer specialized for B hadron reconstruction

NY
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Vertex locator |

M2
SPD/PS HCAL

ECAL
M1

T3 RICH2

| | | | | | | |
S5m 10m

VELO: precise impact parameter and proper time resolution
crucial for event selection and time dependent analysis
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Tracking system |

- M3
SPDQZ:SALHCAL
T3 RICH2 M1

! - -

A 5e

Il

I

| | | | | |

10m 15m 20m 7.

magnet & tracking stations: good momentum resolution = high mass resolution
swap of B-field allows for test of detector asymmetry
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Particle identification |

M4 S
- M3
SPDI/E IZ:SALHCAL —
ICH2 = B
u
\
\/ , |
il i | ,.
_— = - p—— l‘-‘-‘-!—‘-"-"l ‘ f
N R N B I I I I N Y Y R E -
5m 10m 15m 20m z

particle identification with RICHs, calorimeter and muon systems:
crucial for trigger, flavour tagging and B candidate selection
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Trigger and data taking |

M4 M3
\, M3
SPDIPS ;i _—
T3 RICH2 . ECAL |

M1

| | | | | | | |
S5m 10m

+ dedicated hardware and software trigger to select interesting B events
+ large and clean data sets
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First pp collisions at s =7 TeV |

b
= -
|
T
Event display o X
(view from top) s
T | | )
| I I | -
' 10m 2

- Giacomo Graziani
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“Typical” data taking at LHCb

Period of Analysis:| ¢ om 245 16:1410 255 1425

FillNurmibers, 1122 on 245 &t 19:14

i@ Instantaneous Luminosity (Hzub) 0200 [ Specific Luminosity Hzubj10~23 145 Beam Modes:
wom r NO_BEAM on 245 &t 133
: Instantaneous Luminosity PUECTICN on 245 21 &
RAMP on 26/ at 16
PHYS_ADJUST on 756 at 2:24
PHYEICS on 255 &t 316
NO_BEAM on 2606 &t 1237

Optimization scans

Delivered Luminosity {1/ub)  3334.049 Post Mortem 142.00
Fill Humbers Tzz.00 @ Change of Beam Mode

Integrated Luminosity
lotal Lumi Lost Lurmi logt due to HY not READY
Lumi lost due to VELO not CLOSED  ~ Lumi lost due to DAD not RUNHING
Lumi lost due to Dead Time while RUNNING

VELO powenng/closure

Cumulative Run Inefficiency

03.0000 04.00:00 04.00:00 06.00:00 07.00:00 08.00.00 09.00:00 10.00:00 11.00:00




Accumulated statistics and data taking efficiency |

When moving to crossing angle and 75 (150) ns bunch spacing we expect L~1-2-10°? cms!
with ~200 pb-! in 2010 and ~1 fb"! in 2011 (~1/2 of a nominal year for LHCb)

p—
2 100— HV 4% I
= :
= e DAQ 5.4% -
: I :
> I Deadtime 1.6% ; being processed
7]
8 sol— *  and analysed
[ = = B
— n
= L. N
[ |
3 — Running with 86.5% efficiency: :
il v'All detectors in data taking -
R = v VELO fully closed . 2
'E Fe v No single HV trip (!) - o
— v Triggers accepted i L
g |} : =
£ 40— d for current analvsi 1june machine
e used fof curre YIS , 1 development
|
i delivered luminosity "
20— recorded luminosity -

0 —La—l-.—d.—_old--* 4 A L L l L A 1 1 |
100 1050 1100 1150 1200

Statistics increased significantly this week! LHC Fill Number
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LHCDb trigger |

Trigger is crucial:
> o; 1s less than 1% of total inelastic cross section
> B decays of interest typically have BR < 10~

o
Fl.a Customized Hardware Level Trigger (LO)
§ » random trigger
> high-p, , e,y and hadron candidates
1 MHz
o Software High Level Trigger (HLT1&HLT?2)
) — . .
8 -+ Farm with O(2000) multi-core processors
= HLTI:
% 30 kHz  Global reconstruction » minimum bias: no bias & micro bias (at least one track)
EI Inclusive selections > C &b ph}{sics: L0 confirmation V.Vith. more complete
o o i, p+track, pp, info, add impact parameter and lifetime cuts
T :T:' topological, charm, ¢ HLT2:
& Exclusive selections ) ) ) )
» inclusive and exclusive selections
2 kHz l

Storage: Event size ~35kB
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LHCDb trigger performance and strategy for 2010 |

LOxHLT1 Efficiency

L0 + HLT1 single-muon line HLT1 di-hadron line
(tested on reconstructed J/y in MB sample) (tested on reconstructed charm in MB sample)
- | | | | Di Hadron Vertex Chi’
1_15— —E > L . L B B L S R
: : § 09
3 D — 3 08
0.9F ___:'—'='|'=f_ 3 % o ¢
: ot — | : ; " .... o ¢ .
0.8f = £
: : 205
0.7 - 0 04
- LHCb : '
06- | Preliminary  + Data 3 03
a \s=7TeV 3 0.2
05F —MC E o
0.4 55— PR ST S S [N SRS SN TR [N TR S SR N SR S S AN PP P EEPEEP B B |
0 2 4 6 8 10 0.04 0.05 0.06 0.07 0.08 0.09
max u pt(GeV/c) Minimum bias retention
nominal L ~10% ~40% ~ 90%
low L (2010) 40-50%  75-80% > 90%
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Vertexing performance |

| X and Y resolution |

e
(=)
5

B - ¥2 I ndf 14.83/ 20
Ep.035 Prob 0.7859
< - X res 0.07913 + 0.0004682
£ 0.03 . ¥2 / ndf 23.1/20
° - “ Prob 0.2837
$0.025— 5 Yres 0.07605 + 0.0004421
x - i LHCb VELO Preliminary
0-02:_ i : \'s = 7 TeV Data
0.015 t ]
0.01 : : :
- resolution for PV with 25 tracks
0.005c- ~ 15 um for X & Y and ~ 90 um for Z
) P E I I B SN I
5 10 15 20 25 30 35 40
nTracks

impact parameter resolution:
o(IPx) ~ 16.2 + 24.6/p, pm
o(IPy) ~ 15.7 + 24.6/p, pm

twoprong proper lifetime (ps)

400

LHCb
preliminary

Monte Carlo
new alignment
old alignment
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Luminosity measurement at Vs = 0.9 TeV (2009 data) |

Histogram of vertices X-Z & Y-Z vertices (before VAM scan)
10* f : ' ' 3 ¥ : ;e % i
Z projection for "H
v 10° ] z o
£} beam 1, beam 2 1 £l
¢ I and collisions
< 10 3 al
3 :
g =1500 -1000 =500 5 (g‘m) 500 1000 1500
100 J :
107 —2000 1000 ~— o0 1000 2000
Z (mm)
BCid 2209 Runs 63813 63814 63815 I
02r Bearn » get the bunch currents from machine measurements (BCT)
eam . . ..
0.0 » measure (with VELO) beam sizes, positions and angles
o using beam-gas interactions
£ 04} »—F-t
E
= —0.6¢ am2 : e — . .
_M_ | Luminosity: L=n,n, f/ﬂleﬁc L£=(6.8 1.0)ub!
_1o}  X-Y beam position | n: rotons/bunch
. ' f Eollision frequency 15% accuracy
WY, LHCb preliminary ] . -
L reiiminery [N : expected to improve
0200 0.2 0.4 06 08 10 12 ﬂeﬁc: effective area calculated from o -
X {men) : . to ~5% 1 2010
Grey: beam-beam beam size and position

White: beam-beam predicted from beam-gas
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Tracking performance:
invariant mass resolution IW

o(data) = 16 MeV
——— o(MC) = 11 MeV

— LA S S S S T T — y T T T ™
™~
§10000 LHCb m, = 497.23 + 0.01 MeV é :x II;H('I.:_b _ N,y = 4211.8 = 98.2
. imi =2.956 + 0.040 MeV 2 reliminar B/S = 1.24 = 0.03
= Prehmmary % ) =2 700 VS =7 TeV y M = 3088.92 = 0.41 MeV/c*
— 8000~ \s=7 TeV Data 04/ 0, =224 0.02 w il o= 158+ 0.4 MeV/c
g fgauss o = 058 £ 0.01 < 600
K -1t Ngigna: = 99596 = 348 ‘3 500 8
=
o
o(data) = 3.3 MeV o 400
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2000 200
100
0 A — 0 1 T | I 1
460 480 500 520 540 2800 3000 3200 3400 -
m, (MeV/c?) u*y” invariant mass (MeV/c?)
< — . ~ TT residual (rms-unbiased)
= 250 LHCDb Noigna = 1339 2 46 — : Enries  E15108
> i 8 . : o
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= S | S
Laurve : g
2 150 D - Kn [ y
s .
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50
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T station  calorimeter
VELO
K—mm
longtrack ? |
VeloCalo track
Tracking efficiency vs. p,
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Tracking performance:
efficienc

tag and probe method using K and J/'¥
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1500F-
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Efficiency

Efficiency
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Muon
Tracking i System. PID for muons |

system
v" achieved muon ID efficiency of >95%
for p>6 GeV in 25 ns (5 stations),
in good agreement with MC
v clean Jhy sample using muon ID and
U probe  pion mis-ID

1 id. efficiency as a function of p ‘f"___t: P T e
—105 —— % JAy=2UM | Preliminary
i I b \s = 7 TeV Data
Em:— + % Ei r
§ ELT ELFHE ) ; HE B102} E
T a5 — 5 C ]
[ + LHCDb o w(2S)>up |-
. Preliminary ' i
un: Ve=7TeV I ++++++
s e(u)=(97.3 1.2)% ok f +
E % L L L L L I T Lo |
go Lo

0000 20000 30000 40000 50000 m{m} 3000 3200 3400 3600 3800
m(u*w) [MeV/c’]
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PID for electrons |

misidentification rate vs. efficiency
using converted photons

| misID vs eff (Ecal+Prs+Hcal) |
1

—————————————————————————————————————————————————————————————

---------------------------------------------------------

10-1 :::::::::E::::::::::i‘::::::::::jf::::::::::;:::::::"f;' """""

_____________________

1072 CoooIoIooomooIIIooooiIoIITIoiTooIiIioifoooioiciiiioiiiiiiid

0.7 0.75 0.8 0.85 0.9 0.95 1

v' 5 % mis-ID rate for 90 % efficiency
v 4.5 % in MC at same efficiency
» very good agreement!

x10°

10000 e . kT ]
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PID for neutrals |
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Preliminary results and outlook

Early physics results = cross section measurements & particle multiplicities/ratios

LHCDb has a unique rapidity range of 2 <n < 5 (crucial input to Event Simulation)
» charged particle multiplicities, kinematic distributions dandinaia: i
» K, cross section as function of py and n

> A /K, and A/A ratios

» J/y cross-section (prompt & from b)

» D+, D0, D*, D, production cross section
> bb cross section
s expectations for 2010 (0.2 fb!) and 2011 (1fb™!)

UA1

CDF

o =
e [E—
ATLAS

CMS

Lo )

0(3.5+3.5TeV)

events in LHCb accentance

0 1 2 3 2 5| ¢
Rapidity

[mbarn] 2010 2011 conservative estimates

total 100 £ _secti

bb 0.2 40 -10° 200 -10° O CTOSS-sections

ct 2 400 -10° 2.10'2

s event yields for subset of bench-mark exclusive decays
2010 | 2011 .
T/ = p—p— (prompD) oM | 300M cgmparable with total
B, — J/¢¢ 6k | 30k ¢ ¢ B-factory yield
B — K% utpu~ 3 1500
B° — K+tn— 55k . —
B, —» KTK~ é 10k LHCDb will be competitive
B, — ¢~ 240) 3k right from the start !
D*~ — D(K—w+t)m= (WS) | 10k | 50k —
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The “strange” outlook...
Prompt K, production cross section at Vs = 0.9 TeV

Reconstruct K= n'n pointing back to primary vertex (PV) in bins of p, and rapidity y:
v’ beam-gas substracted, _—
v" background-subtracted - / T T3
RICHI1

v’ efficiency-corrected using MC
tuned/reweighted to the data 7]

Vertex
DD analysis: Locat"fﬂr e,
> use only downstream (D) tracks with A
hits in TT and T, ignore VELO info N

LL analysis:

» use only long (L) tracks with VELO hits % J _

E 2009 data
- LHCb prelimina

1 —

" 2009 data
- LHCb preliminary

/c?

candidates per 2 MeV

4]

3
L]
[31]
[=]

&
8

LL E add luminosity
measurement ...

4]
lglll

-

144

[=]
|

g
TTTTT
-k
=1
(=]
|

o
(=]
TIT [T I T[T rr[rrrTs

candidates per 2 MeV/c?
S
[=]
]
|

g

P | Pl PR 1 1 1

8.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 8.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6
m,_.. [GeV/c?] m,.. [GeV/c?]

Results of both analyses in agreement N ]
—> take most precise result in each bin Sophie Redford
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Prompt K production in pp collisions at Vs=0.9 TeV

» differential production cross section as function of the K¢ transverse momentum and

rapidity in the region 0.2 <p; < 1.6 GeV/c and 2.5 <y < 4.0 in comparison with MC

» data tend to be harder in p, than MC

-
ﬁ LHCDb preliminary LHCDb preliminary LHCDb preliminary
3
10— - 3
z 25<y<3.0 — 3 0<y=<3.5 F — 35<y<4.0
= J 9 N SE =
3 | == 4 - —]
$ 1 =X ‘
3 | : ra —i.— -
£ _o—
<] + e - .~ -
= r r
' - I
el -
HCb d ta
1w erug MC 3 -
f ——— LHGD MC + P‘I'THIA E vl:lil'f
[ 1 L I | | l l i 1 1 | 1 1 1 |
_'3 25 - 3
g2 = 3 :
1.55' L L = !__I L E— i - ,
1 l I ! l 1 == I I. !  —
0.5 _— N . — _— I_l_l—b— L
% ©z 04 08 08 1 1.2 160 02 04 0.6 0B 1 1.2 14 160 02 04 06 08 1 1.2 1.4
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sl LHCb data - includes both diffractive and non-diffractive Ks production
Perugia0 - the “Perugia 0" settings, which exclude diffraction
LHCb MC - standard LHCb MC, with no diffractive processes
LHCb MC + PYTHIA 6 diff.- standard LHCb MC including soft diffraction
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Prompt K production in pp collisions at Vs=0.9 TeV

S 10 ¥ .
> = | LHCb preliminary
& B 0 oo 3 5%
r- S — T
E [ ° o
< B . .
! h ! I
t (e —4—
g T 1 o B |
e —=e— LHCbpp 900GeV 25<y< 3.0 -
o — = LHCbpp 900GeV 3.0<y< 3.5 0
—&—— LHCbpp 900 GeV 3.5<y< 4.0 | $
O  UA1 ppP 630GeV-2.5<n< 2.5 —T— o
CDF pP 630GeV-1.0<y<1.0 |
CDF pp 1800 GeV -1.0<y <1.0 |
L UAS pp 540GeV-25<y<25
1 x UAS pp 54“ Gev _3.5d¥d 3.5 | 1 1 | | | | | | | 1 | | 1 |
1079 02 04 06 08 1 1.2 14 16
p_[GeV/c]
» steepening of p, spectrum with increasing y
» more abundant production with increasing energy
(first publication under approval by the collaboration)
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Prompt A and A production

» use only long tracks in 2010 data recorded with “microbias” trigger

Vs = 0.9 Te

\Vs =7 TeV
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- Susanne Koblitz
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n(A)/n(A)

n(A)/n(A)

Prompt A and A production ratio |

Efficiency corrected ratio, in rapidity bins:

i | T T
1 —
_ | ]
: | :
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y
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0.8 __ —_
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0.4 .
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. —— LHCb MC Vs=7 TeV ]
0 R 1 L ]
2 2.5 3 3.5 4
y

- A/Ks and p/p to come (under approval by collaboration)

> at 0.9 TeV: > at7 TeV:
v’ ratio low, v’ ratio larger,
dropping with y ~flat in y
v not reproduced by v prediction in fair
PYTHIA reference tunes agreement with MC
Z I A A L i
= ] -
s Tt
+++ L
0.6~ —
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i LHCb data - 7 TeV LHCb i
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The “charming” outlook...
Untagged two-body D0 decays

n ~

?)

| I r

S1o00F LHCD ST E
g Prel Imlnary Mass 1 = 1862.26 + 0.14 MeV/c? :
™ 800 Vs=7TeV Data Mass o = 8.71+ 0.14 MeV/c?
=
7}
2 oo D'— K7*
t
w

400

200

1900
my, (MeV/c?)

N b LHCh j &

160 ] q £

e lll Preliminary 1~

@ 140 '7 \&=7TeV Data r P;, 2

0 120 1', + 3
] g0 N, = 1278 3
1 6 & + |+ vt 3
1=(0.398+ 0.026) ps
60 -
40 E
20F4 ! 3
0 1 2 3 4 5
¢(D") in ps

Measure DO lifetime as a check:

» make very pure D° - K" selection (S/B ~ 22)

» proper-time distribution with simple exponential

» use only tail, where efficiency is constant

v (D% =0.398

0.026 ps (6.5% stat. precision)

2.7 nb!

LHCb
Preliminary
\Vs=7 TeV Data

v result does not depend on where the fit starts and agrees with the

known DV lifetime of 0.4101

0.0015 ps
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Direct CP violation studies in the charm sector |

» interesting modes are:

v" single Cabibbo-suppressed decays
where NP may enter in gluonic Penguin

v" 3-body decays, where Dalitz plot analysis allows
for many local CP asymmetries to be probed

> Dt 2> K'K=t is an excellent candidate:

A

v" use Cabibbo-favoured D,* — K*K 7" and D" — K*nn* decays as control channels

2,
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> expect several million events in 0.1 fb~!
(an order of magnitude more than B-factory samples)
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J/yp production:
prompt and from b

measure cross sections:
do/dp, (all J/y)
o(prompt J/y)

o(J/y from b)

i - mand u - p misidentification rates
determined using large samples of

] I
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J/yp production |
» only statistical error

» no corrections (e.g. efficiency)

v" b-events identified via detached vertex analysis

Q 0% ' ' 3 v" combined fit to mass and pseudo proper-time t,
@ L - .
= “F —— LHCb : allows separation of prompt J/y and b — J/y
S o0.25F Preliminary 7
s 0% 4.=4=|_ =TTV ] components H
= 0.2F -
3 : [] LHCb Monte carle E ) 111 ; Pv p
o 0_15:__+_ 3 —(z. —7 . Ty PR v |\
; —— ; Ty~ PV -
0.1; - E p;__.T-"u,- H pa
0.05F P .
[ ——
0 o . 1 . . 1 . . . 1 . - — g L] T ] ] ]
0 2000 4000 6000 7]
J/y Transverse Momentum (MeVic) S B Fromo
0.35 o Ekg from sidebands
2 - F I I I LHCDb I 3 : Prompt LHCb
= 03F Preliminar - 2 S
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0.1 — e
; oo
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v' p, spectrum softer in data than MC 2

v’ rapidity distribution in good agreement
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The “beautiful” outlook... | _ Lhop 3N
Looking for b hadrons |
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Semileptonic B-decays |

Large branching fraction, suitable for early cross section measurement:
> with 100 nb~!, expect 2.8k B— D% vX signal events with good purity
» measurement complementary to b—J/y result

B,— D p'vand B,— D, v decays useful for:

> B, and B, oscillations (Am, and Am,), "
flavour tagging studies and calibration ; =

> CP violation in By and B mixing: : N PV
v measure AA, = (ag(B,)-ay(B,))/2 b S

where detector asymmetry will drop out if .
D~ and D, decay to same K"K =~ final state

[op]

III|I|I‘HI\HJ|III

I

LHCb Preliminary

EVT: 49700980
RUN: 70684

[\

S
3
3

~
"'\"'W‘W"'\"'!”W”'|"',f|“‘
D 2 4 6 8 10 17 4 16
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Semileptonic B-decays |

Large branching fraction, suitable for early cross section measurement:
> with 100 nb~!, expect 2.8k B— D% vX signal events with good purity

» measurement complementary to b—J/y result

B,— Dp'vand B, — D ,pn"v decays useful for:

> B, and B, oscillations (Am, and Am,),
flavour tagging studies and calibration

> CP violation in B, and B, mixing:
v'measure AA = (ag(B,)-a,(B,))/2

where detector asymmetry will drop out if
D~ and D, decay to same K"K =~ final state

v from MC study, assuming 0.1 fb~! and
o, = 500 b, expect statistical precision on
AAgof 2 1073 similar to that of DO on
Ay® ~ (ag(By)tag(By))/2

AV, = (—0.957 £ 0.251 (stat) + 0.146 (syst)) %

A% (SM) = (—2.3102) x 107

o™
221
001F S8 ..
0
-0.01 b
-D@ A ~
0.0k Standard Mndela

- B Factory W.A. 053
DO B D X
-0.03[ » Preliminary
Combination
co la e b by Pl o gy

-0.04-0.03-0.02-0.01 0 0.01 4
a
sl
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Semileptonic B-decays |

Large branching fraction, suitable for early cross section measurement:
> with 100 nb~!, expect 2.8k B— D% vX signal events with good purity

» measurement complementary to b—J/y result

B,— Dp'vand B, — D, v decays useful for: .

> B, and B, oscillations (Am, and Am,), ®
flavour tagging studies and calibration 0.01
> CP violation in B, and B, mixing: 0
v'measure AA = (ag(B,)-a,(B,))/2
where detector asymmetry will drop outif  _g o1
D~ and D, decay to same K"K~ final state

v from MC study, assuming 0.1 fb~! and -0.02
o, = 500 b, expect statistical precision on
AAgof2 1073 similar to that of DO on 0.03¢
Ay® ~ (ag(By)tag(By))/2 :

v provide constraint “orthogonal” to recent
D0 measurement of AP
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er, top view

Transverse plane
(looking from CALO to VELO)

First B candidate seen in LHCDb !
Bt —

—

5.4.2010 1:30:09 A PEN) ‘| ch
Run 69618 Fvent 12484 bld 1786 it ' %ﬂ




B* — Jly K* candidate

All observables far from cut values
y vertical [mm] defined before data-taking
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~ 10 ? ; T : ' T ' T :
Fully reconstructed Y [ LHCb ~14nbt  BOTRe
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2 =>» B-physics to start soon!
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Search for effects induced by
New Physics in CP violation

and Rare decays using the FCNC
processes mediated by loop
diagrams (box and penguin)

LHCb key measurements

in CP—violation: - Anton Poluektov

» B,-B, mixing angle ¢,
» weak phase y in trees
» weak phase y in loops

in Rare Decays: - Antonio Perez
» branching ratio of B,2> up

» forward-backward asymmetry
in B 2 K*uu

» polarization of photon in
radiative penguin decays

(early measurements in red)

Physics prospects with
2010/2011 data

are New Physics already around the corner ?

o

<

-0.2}
-0.4¢
-0.6¢

C 0.0f

CDF Run Il Preliminary L=52fb
0.6} |

0.4¢f
< 0.2F
w
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B.-B, mixing phase ¢, in B.—>J/y(up) ¢ [

v" Sensitive to New Physics effects in mixing

S 0.35
g
— + = )
> d)s (I)S(SM) d)s(NP) T 0s [ — Uncertainties on c(bb)
_ o o P and BRvis(B2—J/yo)
b 4 u) C) t 4 dq S ’ 0.25
0 + = _O
B W B 0.2 —\\ CDF+D0, 8fb™! EACH
> +NP? | 2 i
d,s u,c,t b 015 [

LHCb 3.5+3.5TeV; o(bb)=219ub

> in SM: ¢, = — 2B, = —arg(V,2) =-0.036 0.002 | .,

v Jhy¢ is not a pure CP eigenstate 0.05 [ 2] SM value
(2 CP even, 1 CP odd amplitude) :

» need to fit angular distributions of decay
final states as function of proper time
(requires very good proper-time resolution)

1.25 1.5 1.75 2

1
— - R 1
— == Integrated Luminosity (fb')
= =)
Q '

v with 2.8 tb! current combined Tevatron result ~2.1c away from SM value
» hope to improve significance with LHCDb’s first year data
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Branching ratio of rare decay b
B, — p'p”

v' Very rare loop decay, sensitive to New Physics

v' BR ~ 3.3x107 in SM, can be strongly enhanced in SUSY
with scalar Higgs exchange s

v" Sensitive probe for MSSM with large tanf:
Br (Bq—pu'w) ~ tanf® / M4

+NP?

D
@3.5+3.5TeV i
\ |
DRt . i
COF (3.7f°)

s = ] ] —— L el I L L [rF » &= &g =T = = 75T v TT
S ! = _I_c ]
CE " Exclusion limit @ 90% C.L. 095 g :
iy ' ' 1 1 4 i -
=, ' : e : —— |7 .
+ CEF +00 (877 —£ ransported to harder ;
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Summary |

» LHCD 1s fully operational with a performance very close to “nominal”

v profit from lower luminosity at start-up to by tuning the trigger for increased
physics potential for minimum bias and charm physics

v will deploy the core physics within next year with the first fb!

> Initial production measurements ongoing: E e —
v absolute K¢ production cross section at 0.9 TeV gﬁ
v AJA production ratio at 0.9 and 7 TeV i
v t0 come very soon: 1
o p/p production ratio at 0.9 and 7 TeV : ; ‘ ; :

o open charm, prompt J/y, b — J/y and b/b cross sections

» Indirect New Physics searches at LHCb on the horizon:
v several highly-sensitive physics observables in B and D sectors,
accessible with data from 2010-2011 run
v active preparation of analysis using existing calibration & control signals
while looking forward to more statistics!
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Don’t miss the LHCb parallel session talks: |

Parallel session on ”LHC physics results’:

v LHCb detector commissioning with first data
—> Giacomo Graziani (Firenze)

v Luminosity measurement and K-short production with first LHCb data
—> Sophie Redford (Oxford)

v LHCb particle identification performance and baryon/anti-baryon asymmetries
—> Susanne Koblitz (CERN)

Parallel sessions on “QCD and Heavy Flavour Physics”

v LHCDb physics prospects for CP violation measurements with 0.2 and 1 fb-!
—> Anton Poluektov (Warwick)

v" Search for rare decays at LHCb with 0.2 and 1 fb-!
—> Antonio Maria Pérez-Calero Yzquierdo (Barcelona)
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ﬁ?ﬁ% Electroweak boson production

MCFM LOVs=7 Ti
MSTW2008 PDFs

do / dn (nb)
o o N

. LHCb coverage:

—interesting pseudo-rapidity region

where W*/W™ ratio varies rapidly
—small y overlap with ATLAS/CMS o
—unique area of (Q?, x) plane

Charged
leptons
from W

. Measurements of interest: s
—Z%/W* ratio LA Ilfe;;lc;n;’;ezdorapiditf
 precisely predicted (< 1%) 2. |
 should aim at 1% measurement go.u%—MCjFM LO ?hf[lfged
with 0.1 fb-! — test SM & M raokon ffgn?nzs
— W*™/W ratio iia
* sensitive to u/d ratio 0-062
— W, Z production cross sections 004f
* can constrain PDFs, o0z

down to ~6x104 at \s= 7 TeV 0=

Lepton Pseudorapidity
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LH

' W — v selection

[ LHCb Preliminary, 7 TeV data |

. Selection: - -
, < | data, ~14 nb™|
: ; 0.95[— : :
—good track (3, 6/, , ...) identified as N | |
muon ok 4 candidates
0.85[ :
—pr>30GeV/cand A ;> 0.8 N
rest pest = transverse momentum of :
A, =P P t fall charged "
e vector sum of all charge :
excluding the selected track 043000 30000 40000 50000 60000 iot;oFc;i ['Me 20000
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Run: 71919 m

Evt: 202499790
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Paeudorapidity Range

Z—( View standard 3D view
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