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LHCDb detector

ATLAS/CMS: sub-detectors
surrounding the entire collision (like books on a shelf)
point (like an onion) — easy access to sub-detectors
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LHCDb detector

VErtex
LOcator

RICH detectors

interaction
point

tracking system ‘

muon system ‘

calorimeters

[The LHCb Detector at the LHC. JINST 3 (2008) sS08005]
Forward spectrometer, fully instrumented in 2 < n < 5
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LHCbh: a forward spectrometer

B forward-peaked production
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& i LHCb MC
§ 1s=8TeV
B

S (operating In collider mode)

LHCb Is a forward spectrometer
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LHCbh: a forward spectrometer

With unique rapidity coverage at LHC

5 complementary measurements
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LHCb experiment

Required a sophisticated detector

ol e

for precise measurements

Close to the beam

Vertex and Tracking capabilities
Distinguish particle in the final
state (Particle identification)

Evants / { 1 Malic®}

LHCh

/8 = 300 GeV Data

Without RICH
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Particle Identification: RICHes + calorimeters + muon stations
* Allows to distinguish particles in the final states
* Peculiarity of LHCh: 2 RICH detectors:
* Designed to distinguish K and
* Allows precise measurement of hadronic decays:
» ep B s PratusBY 5 DFKT
* Allows strong suppression of combinatorial background
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LHCb experiment

Required a sophisticated detector

for precise measurements

1. Close to the beam

2. Vertex and Tracking capabilities

3. Distinguish particle in the final
state (Particle identification)

Tracking system: silicon+straw tube technologies

* Excellent mass resolution: ~24MeV/c? for 2-
hody B decays
* Tracking efficiency >96% for long tracks

Vertex Locator: silicon strip detector
*  Two moving halves

*  Openable during injection phase

*  Few mm from the beam line during data taking
*  Excellent vertex resolution
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LHCb experiment

Required a sophisticated detector

ol e

for precise measurements

Close to the beam

Vertex and Tracking capabilities
Distinguish particle in the final
state (Particle identification)
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LHCh
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Particle Identification: RICHes + calorimeters + muon stations
* Allows to distinguish particles in the final states
* Peculiarity of LHCh: 2 RICH detectors:
* Designed to distinguish K and
* Allows precise measurement of hadronic decays:
» ep B s PratusBY 5 DFKT
* Allows strong suppression of combinatorial background
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LHCb: a forward spectrometer optimised
for heavy flavour

~ 7 mm
350 >‘ =
s
P e

* impact parameter resolution * K/n separation

* identify secondary vertices * against peaking backgrounds
* proper time resolution * flavour tagging

» resolve fast B°-B°_ oscillations * selective and efficient trigger,
* momentum, invariant mass resolution also for hadronic final states

* against combinatorial backgrounds

magnetic field reversed regularly to cancel detector asymmetries
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Vertex detection: the VErtex LOcator
(VELO)

Reconstruction of primary and decay vertices, track seeds, + trigger input

The VELO seen by the LHC beams

R sensors [ 1Tm
 sensors !
cross section at y=0 <«
P
I 60 mrad
LTt T ]
) |:. .'I —.—— :.: 15|T|Tad
= || TR ?\ BN
VETO " interaction region

stations a=53cm

21 modules of R-® sensors

Movable device (retracted for safety during beam injection) :
— 35 mm from beam out of physics AR o

— 8 mm from beam during physics
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Particle identification: the RICH detectors

K/t separation over the full 1-100 GeV/c range

The detectors :
— RICH1:

> full angular acceptance
- covers low momentum range : 1-60 GeV/c
> aerogel & C,F,  radiators

—¢ RICERE

> limited angular acceptance (~x15 - ~+x100 mrad)
2> high momentum range : ~15 GeV/c - > 100 GeV/c
> CF, radiator

— Hybrid Photon Detectors (HPDs)

L . Py o L VS
> 500 each with 1024 pixels “‘% e SO

0.8 e,

O O ALLIK-a>0
1oF LHCb

vJe =7 TeV Data e ®m ALLK-m>5

Efficiency

> High efficiency, low noise

Performances
— &= 95 % for 5% 1-K misID probability =
20 40 60 a0 100
— performances well described by simulation Momentum (MeV/e) 13
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Particle identification

Charmless B decays : sensitive probes of CKM matrix
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Particle identification: the calorimeters

SPD PS ECAL HCAL Syee
Scintillator Pad Detector / PreShower :

— robust e/y and e/hadron separation

— single layer scintillator tiles separated by Pb sheet (2.5 X))

— g(e*) = 90% for 5% e-hadron MisID

Electromagnetic CALorimeter :

— e and y energy measurement

— trigger on electromagnetic decay channels
— Pb plates / scintillator tiles (25 X,)

— O(E)/E = 10%/NVE(GeV) + 1% (nominal)

Hadronic CALorimeter :

— energy measurement for hadron

— trigger on hadronic decay channels
— Fe plates / scintillator tiles

— Oo(E)JE = 69%/NE(GeV) + 9% (nominal),
moderate but enough for triggering

[ ]
The ECAL detector

E. Richter-Was 16 January 2013 14



Particle identification: e, y and =n°
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LHCb operation status

Integrated Luminosity {1/fb)

LHCb Integrated Luminosity

2.2

Delivered Recorded
Operation efficiency ~ 94 %
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Running with an average number of
processes per crossing more than 3
times bigger than the design ones
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LHCb designed to run at lower

luminosity than ATLAS and CMS...
BUT

...we run at already at two times
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Luminosity

LHCDb designed luminosity :

Full luminosity Reduced luminosity :
. . .. . . central collisions displaced beams
£inst = 2x10% cm2st with p=0.4 (# of visible pp int./crossing) = eam 1 o
beam 1
— Precision physics depending on vertex structure I
> easier in a low-pileup environment I pean 2

Luminosity levelling at LHCDb
— run with constant luminosity

> beam overlap adjusted regularly
— automatic procedure between LHC&LHCb

Instantaneous Luminosity (ub™.s)
n
a3
=

1500
2011 & 2012 instantaneous luminosities : 1000
500
Lt (x10%2 cmis™) Lt (x10%2 cm2s) : :
4 L 6 2012 - O ion 13h 18h 19n 220 ©01h  oan
3 3 'Q : -
R o |
2 T e 2011 : [t = ~ 3.5x10%2 cm2s?, p=~1.5
2 ;_' H H H . i -
1 e , 2012 : [t = ~ 4.0x10% cm2s?, = ~1.7
e e e
Fill
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LHCb physics program

* Rare and very rare decays
* CP violation in Beauty and Charm physics
* Precision electroweak physics in the forward direction (Z/W bosons)

* Discovery of new exotic states using the excellent mass resolution of
LHCb

* Search for unexpected long living particles and displaced vertices
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The Standard Model

Leptons Quarks

=y
XS

Photon Gluons

Higgs Boson

~ Matter made of quarks and leptons

~ The interactions between particles are mediated by particles called bosons.

» Masses generated through the Higgs mechanism

Standard Model confirmed by a wealth of experiments in the last 30 years...
... still NOT considered the final model ... it leaves some open questions
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Few open questions

Why is the universe made of matter?

THE MIRRIR WD el S22 T
Be OPERATIMG PROBERLY.

NOI MY FALILT
ENTIRELY!

But matter and antimatter
annihilate when they meet

Matter and anti-matter were
produced in the big bang Needed an asymmetry to allow it:
* (P violation in the Standard
Model does not seem to be

enough
Dark o
Matter Mone particles in the
Standard Model are
satisfactory candidates for it
Presence of dark
e R R What is the dark matter made of?

universe?
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Where can we look for New Physics?

Direct Search (Atlas and CMS): look for the production of
new particles

Indirect Search (LHCb): look for effect due to the presence of new particles in the loop

Enhancement of the branching Effects on the value of

fraction of very rare decays Standard Model parameters
(precise measurements to look
for discrepancy)
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Precise measurements

* B-physics:
— Precise theoretical prediction
— Several final states accessible
— Clear experimental signature

— Indirect search (complementary
approach to Atlas and CMS)

» 100,000 bb pairs produced per second

*  bb pairs produced at low angle in the
same forward or backward cone

LHCE MC B hadrons are made of quarks:

=T TeV — —
B mesons (qb): Bﬂ(db) and BY(sh)
B baryon (qqb)
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B° - un"u decay

Very rare decay in the SM:

Mode SM prediction T 3 . mss pr
B,—putu— | (3.544030)x10~° &, = N e
B® — utu— | (0.1140.01) x 10—° , ¢
I
b W - ~ tan®[ g
Features:
*  Branching Fraction (BF) very well predicted N
in SM Searching it since 25 years
*  Fully reconstructable leptonic final state First attempt by ARGUS (1987)
*  Never seen before, expected enhancement
of the BF in several NP scenarios -
*  Useful to discriminate between NP o Eore CPFagg
scenarios 2 | Bele,
5?1 1D..‘-‘3_. Rt ™ .,-- . LHEbﬂf'jnﬁ' .
Situation before October 2012 (95%CL): E.i " g A
i — et al s er:u.cl.sr.t
Atlas: BF(BY - utu™) <22 - 107° = .LH%.,,..,W.,
_ o al a— C £ 5 T Y LHCh 1
CMS:-BF(BS —» gt ) < 7.7 - 1072 = |
- — =
LHCb: BF(B? - putpu~) < 4.5 - 107° S10°) %
0 + 9 -:u? SM: B” — W
LHC combination: BF(By — u*u=™) < 4.2 - 10 L otz
ear
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B° - u"u decay: first evidence

Candidates / (30 MeV/c?)

LB (T TeVh 41, 6 (8 Tey)

LHCb

BLT =7

TI|IIIIII‘IIIIIIIIIII-

el

Measured Branching Fraction:
B sutp = (@2 Y Giat) )3 yst)) 107

6000

m .- [MeV/ ]

Tightest upper limit set:
B spty <94-10710

* Results compatible with SM

* Strong constraint put on NP-scenarios

10° x BR(By =+ u™ ™)

Physics implications:

o 10 20 30 40
10% = BR{B, — utu™)
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Flavour-specific matter antimatter
asymmetry

Evidence of asymmetry not consistent ¥ . w
. . B’ B p°
with the SM by the D@ experiment \f e © (
(2010, updated 2011) e A
— More events with two negative muons by NS — N~
than events with two positive muons A NIt N
Sign of new physics?
50.02 e
[43 Y ) @ . .
D@ experiment A ?B_?:ir:i’s:“
(B® + BY) e ' %)
'\LHCI} experiment
' (BY)
0.02—
- Preliminary 3
oo, B LHCb result in agreement with SM
I F’ralmlnar'_l.rLH(H:aa’ i :
[ DO. B Factory a’
oo e ST .
=c2mﬁm Needed more data for a conclusion
*  Standard Model

20.04 002 0 o
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Flavour-specific matter antimatter
asymmetry

Evidence of asymmetry not consistent ¥ . w
. . B’ B p°
with the SM by the D@ experiment \f e © (
(2010, updated 2011) e A
— More events with two negative muons by NS — N~
than events with two positive muons A NIt N
Sign of new physics?
50.02 e
[43 Y ) @ . .
D@ experiment A ?B_?:ir:i’s:“
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0.02—
- Preliminary 3
oo, B LHCb result in agreement with SM
I F’ralmlnar'_l.rLH(H:aa’ i :
[ DO. B Factory a’
oo e ST .
=c2mﬁm Needed more data for a conclusion
*  Standard Model

20.04 002 0 o
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Why CP violation?

* New Physics models usually predict new heavy particles

* these can enter in internal loops (Box diagrams and
Penguins), lead to sizeable modification of CP phases

* the comparison of precise measurements of CP phases
with precise predictions from Standard Model can

therefore reveal the presence of New Physics

* these indirect searches for New Physics make use of the

appearance of virtual particles in loop diagrams

* are therefore sensitive to higher mass scales than

direct searches for new particles

classic example: CP violation in K°K° (1964)
— prediction of 3™ quark family (top direct discovery 1995)

* moreover, the pattern of observed deviations can hint at
the structure of the New Physics at work

E. Richter-Was 16 January 2013
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Sources of CP violation

P violation in mixing (“indirect” CP violation)
» neutral meson systems (K°K°, D°D°, B°B°, B°B°):
particle-antiparticle mixing due to box diagrams

* time evolution described by Schroedinger equation: b Vo Vi s
| : 5 + ]
M it M :E & | A

.d B° T Tz B? B, |NP?2| | B
d’r . T o,. Tz| |B° ¢v.l |V
Mlz_l? M —l? - | b 5

solution yields mass eigenstates (= particles that propagate in vacuum):

B's,L::: - p‘Bf ‘BS,H::: - P

CP violation due to interference of I';,and M, if ¢}, = t:lr*g(—.\‘."t5 f1“12| = 0
* results in \qf p\ #1 : mass eigenstates are not CP eigenstates

- different transition rates for B°, — B°, and B°, — B°,

New Physics can enter through heavy new particles in box and affect ¢,

E. Richter-Was 16 January 2013
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Sources of CP violation

CP violation in decay ("direct” CP violation)

due to interference of decay diagrams

with different weak and strong phases

| A
B S|I_J| <

causes different decay amplitudes for a
process and its CP conjugate: ‘ZFI Afl #=1

measure time-integrated decay rate asymmetry

interfering amplitudes usually involve Penguin diagrams

* New Physics can then enter through new
heavy particles in Penguin loops

challenge: disentangle weak phase from strong phase

E. Richter-Was
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Sources of CP violation

CP violation due to the interferenc of mixing and decay

if final state f accessible to both B and B°_: —0,
CP violated due to interference between GA
direct decay and decay after mixing if °. Tie o
Y ec Y -. 9 N _ﬂ/
A q D Bs 9
Im —-—] £ 0
Ae P

measure time-dependent decay rate asymmetry:

r'(B°(+=0 t+))-T(B°+=0 t
A,(t) = { ::( ) > f n [_;{ ) > f }? — Ssin[Am t) + Ccos(Am t)
I'(B/(+=0)~> f(t))+T' (B (t+=0)> f(t)) ~ . *

=ml I—ml |
Am =m(B_ |-m(B_| |

most prominent example pre-LHCb:
measurement of CKM angle 2B in B° — J/y K° by Babar and Belle

NP can change phase of mixing (box diagram) and decay (if penguin)

n.b. CP can be violated in this case even if |g/p| = 1 and Iif/Afl = 1
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First experience with ions

LHCb Event Display

First experience with pPb
collisions in September:
» Stable conditions
» Multiplicity in the
detector compatible with
pp collisions
Lambda production

139, 2012 1:48:03
Run 128262 Event 100499354  bid 1886

Il1rl

LHCE Preliminary AN production
pPo collisions Signal=80 + 9 eniries

entrics!1 MeV /i

« Various resonances already Sl i

reconstructed offline
» Ready for the pPb physics data taking
early next year

r|'|-||||

oy, sl tot W, b

T1I'|'Ir"""' T 5 TARREARRARE: AE:

Lo iz 10 TG 40
mipE Rt [ MeVic)

= R

-
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Electroweak measurements at LHCb

M
Xab = )

Q? = M? 4-momentum transfered

. @™ fraction of proton momentum carried by parton

10°

il 3

10° F

@ LHCb probes two distinct
regions in x/Q? plane

2
10 F

Q? (GeV?)

@ unique region at low x
downto x =8-10-°

10’ F

10
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Electroweak measurements at LHCb

Z — uu- (JHEP 2012, 6 (2012), 58)
b 450F
> 4of LHCD
2 350F
= O300F
Data 2 asf
@ 2010 dataset 2 200F
L =37pb 3
@ 60 < Mgg < 120 GGV/02 SOE—
@ 2 <1 <45 % s 100 120

Dimuon invariant mass [GeV/c’]

@ pr > 20GeVic

Nr. of Candidates 1966
Purity 99.7 %
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Electroweak measurements at LHCb

7 —ete” (arXiv:1212.4620 [hep-ex])
= 12005 LHCh * . Data -
Data [5'] 1000 []Signal =
- [l Background .
@ 2011 dataset <= sk E
_ —1 % " .
L =945pb = ook :
g F ]
Challenges 00E E
@ Energy measurement O E
e saturation in calo % 60 20 100 120
e bremsstrahlung M(e"e) [GeV/]
@ QCD background
@ uUse same-sign data Nr. of Candidates 21420
Purity 955 %
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Electroweak measurements at LHCb

Z — Tttt : Two Examples

Events / (5 GeV/c?)

Z > Tt sty

10 F e Data
5 E ms — 7T
g 5QCD

LHCDH MEWK

= [t — ppe
\/E 7 TeV E‘ﬁfﬂ; —

OZ — pp

b0 40 60 80 100
M, [GV/&]

Nr. of Candidates 124

Purity

120

75 %

Events / (5 GeV/c?)

(arXiv:1210.6289 [hep-ex])

7Z — Tt 1t — uh

e Data

Wm. — 7T
B5QCD
mEWK

mtt — ph
BEWW — uh
W2 — pp

LHChH
Vs =T TeV

40 60 80 100 120
M, [GeV/e?]

Nr. of Candidates 189

Purity

78 %

Total Nr. of Candidates 990
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Electroweak measurements at LHCb

Differential Production Cross Sections
(JHEP 2012, 6 (2012), 58; arXiv:1212.4620 [hep-ex])

pp =+ Z —ete”

— 80 [ T T T T | T T T T | T T T T | T T T T | T T T T ]
+ = - .
. PP — Z = Ty =700 (a) LHCh -
E_, & LHCh, {5 = 7 TeV :b‘nN - é‘:‘ .
r 70 ;— Data_, o MSTWOS :E 60 - % éﬁj —
:E‘ = AR EE Data,, o ABKMOS © - ]
Ex 60 c i 1 & JRO9 = 50 - -
r:rl 50 = §§'§§{.5 » NNPDF21 : 1
2 - + HERALS A0E il e B
40 E_ + CTEQSM (NLO) C ]
30 :;u . 30F Data (stat.) -
20 £ e > 20 Gevic 20k Data (tot.) E
0 . i cevie o MSTWOR ‘
0= .".M"."ZTS. o ."“é SRR SRS | 10F A NNPDF21 s
}rz 0 1 P (PTEEQ {l{:'lI‘:llﬂl} Lo o0 00 m 1’3'3‘

2 2.5 3 3.5 4 4.5

Compared to NNLO predictions (DYNNLO)
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Electroweak measurements at LHCb

eTe” AﬂgUlar Result (arXiv:1212.4620 [hep-ex])

Fixed Order (no soft gluons)

=103F L =
:I_' - ‘Il E E L L | T LRI
— o (b) LHCb e LHCb ]
* ) i e ] S12f .
=107 w = Stk & ;
= 3 1
= - : CET e T
10 = i E 0.6f : MSTWOS :}.ﬁ:_
s Data (stat.) - oab @ crocrio ;
i Data (tot.) ’ : "'1"']_] '1
1E ® MSTWo8 “ o*
-~ NNPDFZI : Resummation / Parton Shower
- O CTEQ (CT10) e . N T
10-1 | ] Lol , | | §].4— {b} LHCh -
10 I(P* _g 1.2:— .
|Ad| ED;E
tan (=) S S
(j’l)* - 2 ~ pT 06F = gﬁb;s ] Y 3
. = —_— T Powheg + PS i
| cosh (@I) Mc 0.4fF % LHCbPyhiab .
2 10! 1¢*
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Electroweak measurements at LHCb

Production Cross Section and Ratios

o7

LHCh, ys =7 TeV o MSTWO08 v NNPDF21 p} > 20 GeVic
Data_, o ABKMO09 « HERAI5 20<1 <45
Data, a JR0O9 + CTEQBM (NLO) 7: 60 < my, <120 GeV/c?
——
F e e
e ——
A PP PR | G P TP TP, [pb]
65 70 75 80 85 90 z—p P
F—ree———ri '_V_'B
P A i rranr el B B Oy Il[pb]
700 750 800 850 900 950 Bl
—
LU ey
LILLNIEL | e
L L I L L L L I L L L L I L L L L I L L L L I L L L G = [ b]
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Compared to NNLO predictions (DYNNLO)

(JHEP 2012, 6 (2012), 58)
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Electroweak measurements at LHCb

Differential W Cross Section (JHEP 2012, 6 (2012), 58)

E 800 E— % LHCb, ys=7 TeV
:; 700 3; I ' I Datal) """ o MSTWO08
= = Datals ”*Y o ABKMO09

= 600 | Dataly, %7 2 JRO9

T = i I i § Data’, """« NNPDF21

& 500 o HERAI5

5 3 1!

= 400 (e ¢ CTEQ6M (NLO)

100 pf; > 20 GeV/c
O 1L PRI TR T o s i St
2 2.5 3 3.5 i 4.5
n*
As expected W~ production higher than in forward region
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Electroweak measurements at LHCb

Lepton Charge Asymmetry
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Precise measurement in good agreement with predictions

(JHEP 2012, 6 (2012), 58)
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Electroweak measurements at LHCb

LHC Combination (ATLAS-CONF-2011-129)
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Summary

- LHCb at LHC is making precise measurements
- hints for strong signs of NP from other
experiments are not confirmed, LHCDb results are
in agreement with the SM prediction,
LHCDb is an “anomaly Kkiller”
- but ... there are a few new interesting
observations, interesting SM features?, signs for
New Physics?
- most results published used 2011 data; LHCb
data sample more than tripled since then.

— EXxcellent prospects for excellent results
at Moriond 2013
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LHCb upgrade

LHC and LHCb are a spectacular success
* so is the Standard Model
.. still

* current precision of measurements still
leaves lots of room for sub-dominant
contributions from New Physics

* almost all LHCb results are completely
dominated by statistical uncertainties

* leading systematic uncertainties will
also decrease with increasing statistics

~
NEED MORE STATISTICS
=
THE LHCb UPGRADE ! )

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

0.037 fb* @ 7 TeV

1fb* @7 TeV

2 fb* @ 8 TeV

LHC LS1

5fb* @13 TeV

LHC LS2,
LHCb upgrade

5 fb-* per year
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