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Warning ...

If the lectures are going to fast ... Do not
hesitate to stop me and ask questions |

Thanks to Yasmine Amhis and Mathieu Perrin-Terrin for the slides | have borrowed
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Outline of the lectures

« Experimental setup
« the LHCb detector and the frigger
« data taking : specificities wrt ATLAS/CMS

« CP violation
« an example of direct CP : y measurement with DK
« CP violation in mixing : A,
« CP violation in the interference between mixing and decay : &,

 Rare decays: FCNC

* B—pp
* By—K'up
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Experimental
setup



Experimental setup : the LHCb
detector

IDPASC 6-7 May 2013



The 2 b-quarks are produced in the same direction along the beam axis

B-hadrons typically fly in the
same direction along beam b
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lifetime of a B : 1500 fs

Drives the detector design
 ability to reconstruct the B vertex and to measure its decay tfime

« K/1T discrimination

U identification
All this is similar to (super)B-Factories,
but with different kinematic ranges
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What is not similar to (super)-B-Factories :

7 1B” Tz 3B “3 1B?|Tu A
dC UC HC § dé.lz b

d u 8 d
All type of b-hadrons are produced at the LHC
Probability that a b quark hadronize a into a B, ,,meson or a A baryon.

Important input for BR measurements since most of the measurements are done
relative to another well known BR (B-Factories)

Cross sections at 14 TeV:

Total 100 mb A trigger is needed to:
| . D - reject the light flavours (u,d,s)
Inelastic 80 mb - keep only the interesting
cC 3.5mb x 160 ~ €vents
bb 500 b

In 1 every 200 collisions a b-bbar pairis produced
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The tracking :

 Proper time measurement : VELO detector is
* identify b-hadrons (cT ~ 450 um) , also in the trigger crucial
» perform time dependent analysis

60 mrad

i WS —
m
RN

\ Interaction region ¢ =5.3cm
21 modules r-¢p sensors

Impact parameter resolution ~ 20-30 um

active zone : 8mm from the
LHC beam : retractable

* Invariant mass measurement :
* identify the signal (B4 and B, are only 0 MeV apart)

 separate signal from background 11
Ap/p~04%



tracking p

erformances

. resolution + calibration of the mass scale
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5500 5550 5600 5650 5700 5750 \ 5300 5350 5400 5450
My A) [MeV/c?) My 6) (MeV/c]
Quantity LHCD
. 2
measurement (MeV/c?)

M(B™)
M (B°)
M(BY)
M(A))
M(B)

5279.38 £ 0.35
5279.58 £ 0.32
5366.90 £ 0.36

5619.19 + 0.76
6273.7 £2.1

uncertainties ~7 10
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Particle Identification (PID): the RICH detectors

Cherenkov radiation

f

4\

cos (O¢c) = %

p being measured by the tracking,

the particle is identified

/'
If B > c/n <, //////
_ 0 /<
et \
D
cos 6, = 1/(Bn) \\\\
N N

3 radiators (different "
indices) to cover the full
momentum range
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Calorimeters

e ECAL: Shashlik Pb-scintillator
o(E)/E =10% /NE @ 1%
e HCAL: Tile Fe-scintillator

allows triggering on hadronic final
states

IDPASC 6-
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Muon chambers

Extremely efficient at triggering and reconstructing muons
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muon ID efficiency: ~ 97% for 1-3% m© — u misID probability.

G. Carboni Spin 2012 Praha — Status of LHCb
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Working with pile up

Energy Bunch Average number of Luminosity
spacin visible interaction per
g bunch crossing
Design | 14 TeV 25 ns 0.4 2102 cm2s!
2011 7 TeV (o 141ev_ /2) 50 ns 1.4 3.510% cm?s!
2012 8TeV (g7 ,x1.15) |50 ns 1.6 4.10%2 cm>?s!

VELOTZ view

20 MHz of bunch crossing ; about 30 particles produced per interaction
At Vs=8 TeV 1/200 events contains a b quark ... look for branching fractions < 108



the trigger :
40 MHz Calorimeters, Muon detectors

}

Level-0

orof u (~1 GeV) Custom electronics
h,ey (~3 GeV)

1 1 MHz limit All detectors information

CPU farm

3 kHz (2011) - 4.5 kHz (2012)

LOXHLT efficiency : ~20-50% on fully hadronic channels
and 70-90% on di-muon channels

IDPASC 6-7 May 2013



Experimental setup : the LHCb

data-taking characteristics

LHCDb Integrated Luminosity pp collisions 2010-2012

g 22 :_ ........................................... CIRTRTRURERERERSRRR R FRERRRRRRRRERERURERE. IRERURRRSREEEREERERD. INURTRERERRORRVRRREEL. FEREPLRUEURURURTIE-FRRRROETRARORORORERE. SRTE
i E : Delivered in 2012 (4 TeV): 2.209 /fb
= 2 _— ------ E Recorded in 2012 (4 TeV): 2.082 /fb
_g 18 C Recorded in 2011 (3.5 TeV): 1.107 /fb
g — Recorded in 2010 (3.5 TeV): 0.038 /fb
J — T T T -
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0_4 :_.. ‘,.f ........................................................................................................................
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Date

2011 : 1.1 folat 7 TeV (was 0.038 fb! in 2010)
2012 :2.1 fb!' at 8 TeV
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luminosity leveling :

Instantaneous Luminosity Updated: 11:40:54
1000 A
—
w
N 800+
g GPD luminosity
o falls-off exponentially
®  600-
-
-‘g 400
= Luminosity of LHCb levelled continuously
£ 200{r—mmm Wl ............................... Fo-s
LHCb design luminosity
0

| 1 1 I I 1
00:00 02:00 04:00 06:00 08:00 10:00
— ATLAS — AUCE — (MS — LH(b

LHCb luminosity is flat for ?h

IDPASC 6-7 May 2013
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deferred trigger:

l 10 MHz

* Due to technical stops and gaps between LHC fills
HLT runs only 20% of the time

= Use interfill gaps to process the events collected
during the fill : |

1 MHz

During Stable
Beams

« Temporarily store about 20% of the LO triggered
eveﬂTS durihg a f|” In Between

- About 200 TB of storage available on CPU farm e

Overflow Storage

2 kHz
* Process them directly after the fill.
- LHC fill » <« interfill gap —»

3
w
S
= 2
S
©
s 1-
Fg} < deferred triggering active >\

0 I | | | 1 | | 1 | I |

0 1 2 3 4 5 6 7 8 9 10 11

time from start of fill (h)
IDPASC 6-7 May 2013 2]



Y measurement
more precise than

J/¥Y production  p_tqctories 3.50 on B.—pp BR( B,.—pp) known
Cross section ) to 5%
VA LS1 LS2 LS3 \
7-8 TeV 13-14 TeV
3.2 fb! ~4 fb ~50 fb-!

LHCb has now collected 3.2 fb!.
* Long Shutdown 1 (LS1) has started

e LHCb will collected another 4 fb' before LS2
 Then : LHCb upgrade in 2018 to go to higher luminosities.

e Goal: collect 50 fb'in the following 10 years.

IDPASC 6-7 May 2013 22



CP violation



Analogy: “Double-Slit" Experiments with Matter and Antimatter

source Al

AZ

In the double-slit experiment, there are two paths to the same point on the

screen.
In the B experiment, we must choose final states which are accessible via at least

two different Feynman graphs.

We perform the B experiment twice (starting from B and from F) We then
compare the results.



Three types of CP violation

A:B—>f

w(

A:B—-f

CP violation in decay (« direct CPy) :

CP violation if

|A]? = |Al?

A
B > f Only one
_ existing for
5 r harged B
B A O
CP violation in mixing :
B° > B > f Not yet
observed for
B° > BO° s f B mesons.

CP violation in the interference

between mixing and decay :

BO
BO
E’O
First observation of CP
violation in B decays : B

sin(2B) measurement.

25




an example of direct CP @y

measurement with DK

\/U VU VU
\/Cd \/CS \/Cb = _)v 1_ 12/2 Alz + 0(14)
V. V.V, AR(1-p-in) -AN’ 1
A
(L= 22/ 2 [=omeeeeeees *
ViV, VioYea
chvcd 04 VCbVCd
Y B (
0 _ I2 1 "
L @=22/2)p

y = arg| e
Vcd Vcb
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Direct CP violation

Veo

c
b
5]

,}/ =3 rg Vud Vuf
Vcd Vcb

(B >D° (=, )K )= A AB B> f )K_):Ae,-(%_y)

A
e .

(B+%Do(%fCP)K+):AC A(B+%DO(—>fP)K+):Aei(aB+y)

Y : weak phase alters sign under CP
O : Stfrong phase : CP invariant

: 5T A

F(B‘ — fCPK‘) = ‘AC + Auei(sB—Y) = A% x (1 +r2+2r, COS(SB - 7/))

2

F(B* N fcpK+) _ ‘Ac N Auei((w) = A% (1 +r3+2r, cos(5B +y))

IDPASC 6-7 May 2013
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. (8 —fK)
|

P F(B‘ —f K

—F(B+ %fCPK+) _ 2r,siné_ siny
+F(B++fCPK+) 1+r?+2r cosé, cosy

* in order to observe CP violation we need to have at least 2 amplitudes with
different weak phase (y) but also different strong phase (9g) !

* sensitivity directly proportional to ry

« 3unknows : ry 8y and y

Additional information can be obtained from the Cabibbo-favoured decay :
DO—K-11*

F(B‘ —D°(- K‘n*)K‘)
BF(DO N K‘n*)

F(B‘ N DOK‘) = A2 =

B —-f. K |+I'(B"=>f_K"
R, = ( _>21C“P(B): D(OK; i ) =1+1r2+2r,cos§, cosy




The analysis (in a nutshell)

* Explicit requirement for the level-0 hadronic frigger to be fired by (atf least) one
track of the decay or from a tfrack in the event which is not from the B—DO%

« Reconstruct DO—KK or 1rr or K1t : use of PID to select which is which

« Add a bachelor track the K B—D% ... but here comes the problem

u

(] 1T
Ws d
b ¢ BF larger by |V g/V|?2~1/A?2 ~ 20

o o

* In principle : small CPV also present but r; much smaller

» Separate the sample in 2 parts : more K-like or more Pion-like



‘Remove the non-D° background : B—KKK or B—=1rmtK or B—K11K

BR (BO—KTrTT)~5.1 105
BR(BO—DOK) x BR(DO—TrTT)~5.2 107

What we want to select: What we want to reject:
K
Bachelor K
T T
BO RO
PV @----- PV

Use the flight distance between the B vertex and the D vertex

Signal Look at the D sidebands, fo see whether
o1l or not this background exists
- Charmless
. — 2Vt _ pvix FDDSigned>2
1021 e \ /0%, +0%, 140 -
- ' ANy 120
T 100 F-
R 80F-
; er-J‘lr 60;_ :
10°F M a0f-:
A TN B B 205—5
20 30 40 50 -

. e i3 AL s P WL I o s OV B
5400 5500 5600 5700
IDPA. MeV/c?



DO—K-11*
g 4%.— L] L] T h 1 1 ] 1 1 |
> i B-—DOYK-  LHCb B*—DOK* LHCb ]
S 300 —t -
wn = -+ -
£ 2005 B[kl K B SK'm] K*
> ¢
m _ _
¢
.-.-.\‘ ."\.‘ e T Loy oo asma | e &~ - 1"'~\-‘-7—%‘—-$-—1
40001 B—DOTT  LHeb | B*—DOTT* LHeb  _
2000} B—>|Kn'l
05200 5400 5600 5200 5400 5600
m(Dh) (MeV/c?)
Very clean signals
Different behaviours below and above the B® mass peak

IDPASC 6-7 May 2013
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Events / (5 MeV/c2)

Very clean (and large ) signals

IDPASC 6-7 May 2013

5600
m(Dh*) (MeV/c?)
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But there are other causes of asymmetries :

« different numbers of B* and B- produced : pp initial state = slightly less B- than
B-: (-0.8 £ 0.7)% due to the hadronization asymmetry

2 protons in the initial state
= higher probability fo pick up a diquark than an anti-diquark

=
1< 16
— . & ‘ e o
- . . +
" |
0.8 I
* LHCb Data |
o I'SHCb ,M%
-o- Perugia LHCDb
- Perugia NOCR \s=7TeV
2 2.5 3 3.5 4 4.5
Rapidity

= more b-baryons than anti-b-baryons
since one has the same probability to have a b-quark than anti-b-quark
= less B-(b anfi-u) than B* (anfi-b u)

IDPASC 6-7 May 2013

33



« detection asymmetries :
* K- and K* have different interaction length (negligible for pions)
» a part of the detector can have a lower efficiency : effect reduced by a flip in
magnet polarity
Polarity Up Polarity Down

Shicld Magnet

This can be measured using both the B—D% and the B—D%t for the CP modes
but also for the (very useful) Cabibbo-favoured decay : DO—K-1r*

\F =0
meas Kn D )= A"CP il + AProd + AK Det
meas Kn D K|= ACP Kﬂ:)D K) + AProd +2X AK Det
meas KK D K)= ACP KK)D K) + AProd + AK Det

IDPASC 6-7 May 2013 34



BT mode D mode B~ BT

K*nF 3170 + 83 3142+ 83
D K*KT 592 + 40 439 + 30
nEgF 180 + 22 137 + 16

K*n¥ 40767 +310 40774 + 310
KTKT 6539 + 129 6804 + 135
1969 + 69 1973 + 69

From these numbers, the CP parameters can be computed

0.148 = 0.037 = 0.010
0.135 = 0.066 = 0.010

KK
A
T
AK

IDPASC 6-7 May 2013



Several techniques to reach the same final state :

1) Use a CP mode for the DO
(Very) small

GLW (Gronau, London, Wyler) Branching Ratios
CP+ and CP- modes CP- probably not

(K*K~, ) (Ksno, dKe, nKs, pKs, wKe) accessible at LHC

2) Use CA(KTt*) mode for the V decoy and DCS(K-1t*) for

the V_, decay DO L Kt (Very) small Branching
Ratios

ADS (Atwood, Dunietz, Soni) = D°— K n*n®
0 L Kmtmmt Strong phase between
g SR AN AN {1\ DO decays

3) Use the D% — K¢ n = decay

: .. Dalitz plot description
Dalitz GGSZ (Giri,

Grossman, Soffer, Zupan)

Only analysis giving
information on'y

3 body decay : 2D plane (Dalitz plot) analysis

IDPASC 6-7 May 2013 36



LHCb results : 2D projections of the 3 parameters ry 0y and y

8 016 ey g 180 .
N i m - ]
0.14f- LHCb - o 10} LHCb -
- ’ 140 -
0.12 — - 7
N ] 120 —]
0.1 . 100 =
E -
- ] 60— -
0.06_— ] - .
- . I3'BoDKGGSZ ] 40 =
0'04:_ [ ] 15" B5DK GLW/ADS - 20 [ ] 1f' BDK GLW/ADS -
OO B 1 L I 1 L 1 I 1 1 1 I L 1 1 I L L 1 I 1 L L I 1 1 L I 1 1 1 I 1 1 I— O:| 1 1 I L 1 1 I L L 1 I 1 L 1 I 1 1 L I 1 1 1 I 1 1 1 | 1 1 1 | L 1 :

) 20 20 40 60 80 100 120 140 160 [c1>]80 0 20 40 60 80 100 120 140 160 [c1>]80

Y Y

y=(67.2+12.0)°
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But still a long way to go ...

0.5

UTyit

winter13

-
~
~~
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CP violafion in mixing : A,
2

They are flavour eigenstates with definite quark content ‘B°>

= yseful to understand particle production and decay

Apart from the flavour eigenstates there are mass eigenstates:

= eigenstates of the Hamiltonian \B > \B >
L/7 H
® states of definite mass and lifetime

B )=p B°>+q EO> |B,), |B,): mass eigenstates

B,)=p|B°)~q §0> )

EO> . flavour eigenstates

Since flavour eigenstates are not mass eigenstates, the flavour eigenstates are mixed
with one another as they propagate through space and time

IDPASC 6-7 May 2013 39



‘Bo(t)> (‘Eo(t)>) : the flavour state of a B meson that was a B0 (B% ) at +=0.

Schrdédinger equation governs time evolution of the BO-BO System:

B°(t
.d ( )> M, M,

. —0 = .
ot B<t>> M, M,

\

r T B°(t))

5 . 0
r, v, ||| B <t>>

J

H (effective Hamiltonian)

H|8r)
H|8,)

(M, —i/2r,)||B)
(M/-/ — i/ZFH} ‘B/(-)/>

eigenvalues

Y

CPT conservation

»

My =Moy=my, I =T =1/Ty

Masss states are eigenvectors of H

Amg =M, —M, =2|M

12‘

Al =T, -T, = 2]r12\cos¢12

m EMH+ML

B 2
I' +1

FBE H2 L

The time evolution of the mass eigenstates is governed by their eigenvalues :

r
MH,L—’IiH'L

‘BH,L(t)> = e_i( i ]t ‘BH,L(t = O)> T

‘BL>:p

‘BH>:p

IDPASC 6-7 May 2013

B°>+q

B°>—q

’
d

Time evolution
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Solving the Schrédinger equation .

q _ M1*2_’.F:2/2
P M12_ir12/2

Time evolution of a BO(t=0) : ‘Bo(t)> and of a BO(t=0) :‘Eo(t)>

B(t) =9.(0) ")+ 9. (0]°)

CcOs — 1 S1nn S1I
D) 1 D)

— - —_

(.—i‘:"lii—fza?’ [(.(NhArBf lAIII;;f .. ATpt . .Alnlgf:|

— = , \ 3t t t t
B(0) = -9 OB )+ 9. (OB) 00 = 0 [ S eos T i cosh S Prain =

9

— -

More general formulae

P(B°(0)— B°(t)) =
E < CP violation is present if |g/p | #1

P(B°(0)— B°(t)) =

QT T|Q
N

IDPASC 6-7 May 2013 41



Experimentally, one builds :

Standard Model for B

Il
T |T .

- Can be done for By and B,

* Does not depend on the time anymore |

IDPASC 6-7 May 2013

ai=(19+03)x10"
a’=(-4.1+0.6)x10"
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Possible measurements :
» dimuon analysis

. N(ww)=N(pu)
TNt )+ N ()

Y Y
+

=C,a;+C.a; (for hadron coliders)

\Boé\@ﬁi BO/
u/ iV\% \X

« Untagged analysis

F(D(‘S)u+vu)—F(D(+,s),Lt‘\_/u) - %

s/

A= F(D(‘S)u+vu)+ F(D(;)u‘\_/u) 2

Dilutes sensitivity by 50% (compared to 3% from flavour tagging)
— need to measure production asymmetry and detection asymmetry



dimuon analysis from DO (magnet polarity flip possible, symmetric initial state)

AP = (—0.787 £ 0.172(stat) & 0.093(syst)) %

w7 0.02
d S o
A, =Ca +C.a
sl d sl s sl P
4@,@
Z
-3.9 o from SM predictions 0 <0/
changing the impact
parameter cut changes the
composition of the sample
-0.02
Extraction of a9 and g
68% and 95% C.L. regions
are obtained from
-0.04 | the measurements with
IP selections
ot = (—0.12+0.52)%, .
< -0.04 -0.02 0 0.02
a8 = (—1.81%1.06)%. al

IDPASC 6-7 May 2013 a4



LHCb untagged analysis B.—D,* (=®T1*)p-:
- T'Dyp*) -TDip"] af [a a,gl] [i=, e "t cos(AM, t)e(t)dt
5 —

Ameas — = = + 00
L[Dyu*]+T[Dfp=] 2 2 | [Z e Tstcosh SLte(t)dt
\ )

Y
very small (0.2 %) due to

the large mixing

production FeqUEenc
asymmetry 9 Y
N(D;p*) — N(DFp~) x EI;T/Q e(D; 1) = eia(*) X €usigger(D; 157
Ameas — -
— ot o (D5 pt)
N(Ds M )+N(Ds#’ ) X G(Dj/i_)
g i L DL DL L B L L L i
- detector, trigger , track and muon ID \'él'04:_ LHCb. -
efficiencies as a function of the charges are 2 ok Preliminary E
measured on data control samples (J/¥,D™) g r ++ .
I i i __________________ :ié ________________ =
- events analyzed separately for magnet UP e & :
and DOWN and averaged (cancellation of 098 7
potential residual effects) " [ ® MagnetUp )

096~ ™ Magnet Down _

FYRN (ST TR ST TN NN S S
20 40 60 80 100
IDPASC 6-7 Mar Muon momentum [GeV]




> >
S =

4 o .
= 19 F  Preliminary - 10°
> > Magnet UP
8 8
g 10° F10°
g 2
5 et B annet? N §  [reveret BN

10 ; 10 N
1800 1850 1900 1950 2000 1800 1850 000 1950 2000
m(K'K'n*) (MeV) m(K'K'w ) MeV)
LA B T >
% [ LHCb 3
= 10‘f Preliminary -
2 2 Magnet DOWN
3 10° S
=] e
= =
2] 2]
O O [ T R e e Y
10?
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000
m(K'K'x*) MeV) m(K'Kn) MeV)

Raw yields (not corrected for detection asymmetries).

af, = (—0.24 + 0.54 £ 0.33)%

BN -
Dep” 40945 £ 285 | 55755 £ 278 systematics dominated by the
statistical uncertainties on the
Dstu- 39849 + 239 | 56447 + 294 efficiencies ratios
46
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SM
Qg =

d __
Ag) =

asls — ('O .24 + 0.54stat + O.333yst)%

:
S
y— 1 -
< C
o
-1
2E SM
- 4 B-factories
-3C I Do, 9.0 b
- I DO, 10.4 fb™
-4~ I DO, 10.4 fb™
- LHCb, 1.0 fb™
_5 " 1 | 1 1 1 | 1
4 2 0
d -2
_ a“ (x10™)
(2'0 + 0'6) x 10 ° A.Lenz and U. Nierste, sl

(_48 + 11) % 10—4 JHEPO06(2007)072

2013
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CP violation In the Intferference

between mixing and decay : ®,

This is very similar to the sin2 measurement at B-Factories

¢S — ¢mix — 2 ¢dec o, is the equivalent to 2

IDPASC 6-7 May 2013 48



Mixing

(a) tree

Decay

IDPASC 6-7 May 2013
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Decay dominated by tree-level amplitude = nearly all CPV induced by mixing

In the SM and ignoring penguins ®,..=0 :
SM
¢ _2/839 where Bs — arg (_‘/ts tZ/‘/Cs ;{,)

Vi Ve Vyle”
VCKM = Vcd Vcs Vcb
Ve =Vl Y,

Fit to experimental data (excluding CPV in the B, sector |)

28s = 0.036 + 0.002rad
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Theoretically :
o b—ccs free dominance leads to precise prediction of ¢, in SM.

o PS— VV, admixture of CP-odd and states, measure also A I ..

Experimentally .
o Relatively large branching ratio.
o Easy to trigger on muons from J/¢¥ — u*u-.

The Observables _

othe tagging decision (answer the question is it a B, or a B, which was
produced ¢)

o the B, proper time

o the decay angles

oThe physics parameters

o 3 “P-wave” amplitudes of KK system | Aperp: )
o 1 "S-wave” amplitude (A.)

o010 terms with all the interferences (see the next slide)
odp,, AT, I

IDPASC 6-7 May 2013
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harpe

ORCHESTRE SYMPHONIQUE

grosse caisse trompette trombone vibraphone

piano

cor d’harmonie

ette

Mass

premier violon —;

Flavour
Tagging

4

second violon alto pupitre du chef violoncelle
d’orchestre
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measure if a B, or a E was produced (tagging)

0 /é

Same side

- T a -

/
- Same side
kaon tagger

+BY
\ 1

’
g
§

‘/\

U

Signal B"

roton
—>

Opposite side

.......

( proton

Vertex charge tagger
from inclusive vertexing

K~

Opposite side
kaon tagger

Opposite B

lepton taggers

from h-quark (fL ¢ J

Main differences wrt B-Factories :
« all the tracks from the hadronisation process (coud also be used for the

SameSide tagging)

* the ‘other’ B can be of any flavour (if it is a B, the information is lost ...)
* several interactions in the same bunch crossing



The performances of the tagging algorithm are given by its efficiency and the
mistag fraction

STO _ tag Clnd W = rigth tag
° N_ + N. + N
tag untag right tag wrong tag
2
€t = €1 (] — 260) what really enters in the equations

If . = 10% , it is equivalent to have 10% of the signal events perfectly tfagged ...

Opposite Side tagging requires the combination of several information :
*is there alepton ¢ Is it from b—Q orc—Q ¢

*isthere aK ¢

* what is the charge of the charm vertex ¢

Same Side tagging :
 look for the closest hadronization track
« more difficult to calibrate

The tagging performances have to be calibrated on data

IDPASC 6-7 May 2013 o4



» Opposite side tagging : can use the B*—J/Y K* to calibrate

- Same Side tagging has to be calibrated using B.—D, 1t

* they have to be combined :

0S
SSK
Combined

e %6) | (%) | cugl1 ~ 2002 ()
33.00 | 36.83 2.29 > OS tagging :a factor 10 smaller
10.26 | 35.27 0.89 than at B-Factories |
39.36 | 35.90 3.13
Z_ i e Tagged mixed
;- - v Tagged unmixed
;fj 400~ 'K Fit mixed
Q';-j : ==== Fit unmixed
=
S i
S 200_—
O | | | | | | | | | | | | | | |
0 1 2 3 4
decay time [ps] 5s




The B, proper time

LHCb

[a—
o
-

[S—
<,
W

sWeights extracted from J/ ¢ mass fit

2

—_
o

I IIIII|T| I IIIIIﬂ'l I IIIIIIII I IIIl|'|T| IIIIIIﬂ'l_

Candidates / (5 fs)
S

[

| IIllI|,|,| | lIllI|,|,| | IllIIIlI | lIlll,I,I] IlllIlI,lI_

[N
<

[—
<
[S¥]

1 1 | 1 I 1 1 | Il 1 | 1 1
0 2 4 6 8
Decay time [ps]

«  Time measured from data using prompt J/ ¥ which decay att =0 ps
triggered with unbiased triggers.

«  Modeled with a triple Gaussian =resolution 45 fs

« oscillation period : 21t/Am~ 350 fs
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But things are complicated wrt to sin2f measurement because J/Y & is a vector-
vector final state and thus a mixture of CP-even and CP-odd final state :

yh

[—
(==

on

[
IIII-
=
i
O A
c
g
2
5]
.
|

105k - 105k .

Scaled acceptance integral
.Ugl Yt 1 f
LB I I T
| |
Scaled acceptance integral

0951 -

Scaled acceptance integral
g

o
o
|
|
o
O
Fr1T
|

[SF0
o

- ) - 2
cosOy cosH, 9, [rad]

Forward geometry of LHCb + selections cuts : distorted angular acceptance
Determined using MC

57
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Three amplitudes: Ao, Aj| (CP-even) and AL (CP-odd)

Complicated fit function ....

(\ the 3 angles

22 I o 3 o) £

the proper time

d*T'(BY— Jh) ¢

hi(t) = Nie '=t [cf cos(Amgt) + di sin(Amit)
+aj cosh (%AI‘st) + b sinh (%AI‘st)] .
in the a,,b,.c,.d, : ®, 4 amplitudes (A) , 4 phases () (1 overall normalisation , 1

overall phase)
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d'T(B; = Jj ¢)
dt dQ

hi(t) = k cosh + by sinh (3ATLt)

+ ¢ cos(Amgt) + dj sin(Amgt)],

o< Y hy(t) fi(9)

k Sk (0u, 0K, or) Ni ak bi Ck

1 2 cos? O sin? 0, |Ao|? 1 D C

2 | sin®f (1 —sin®Oucos?pp) | |A4))? 1 D C

3 | sin? 0k (1 —sin?6,sin? ) | |AL|? 1 -D C

4 SiI'l2 0}{ Sil’l2 9,1 sin 290]1 |A"A_L| C sin(dl — 5”) SCOS(&_L — 5”) sin(él - 6”)
5 % 2sin 20 sin 20, cos pp, |AoA | cos(d) — o) D cos(d) — do) C cos(é) — do)
6 —% 2sin 20K sin20, sinpp, | |[AoA 1| | Csin(dy —do) | Scos(d) — do) sin(éd; — do)
7 2 sin2 6, |Ag|? 1 -D C

8 % 6 sin O ¢ sin 260, cos pp, |AsA)| | Ccos(é) —ds) Ssin(d) — ds) cos(é) — Js)
9 —% 6 sin 0 sin 26, sin pp |AsA] | sin(d) — ég) —Dsin(é; —éds) | Csin(é; — dg)
10 % 3 cos O sin? 0, |AsAg| | Ccos(dg — d3) S'sin(dg — ds) cos(dg — ds)

2 ; |
. 1—|Al g = ~ 2|A[sin ¢, D 2| A| cos ¢,
== — 5 =
1+ |A]2 1+ Al 1+ |A?

two-fold ambiguity in solution: fit function invariant under transformation

(¢s: AT_, 9, 5l) > (n_¢s. —AT_,2n-39, _6¢)
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A simple selection (cut based)
Jb — T

N

Candidates / (2 MeV/c?)
§888888
|

§
T

o
TT

3OISO‘ ‘ ‘ ‘3100‘ ‘ ‘ 3150
m(u*) MeV/e?]

W
s
TT

Candidates / (1 MeV/c?)

1

very large sample of selected events :

Candidates / (2.5 MeV/c?)

N
Y
S
(a)

4000
3500
3000
2500
2000
1500
1000

500

IIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

LHCb

1fb-!

R

27600 events

1 llIlllllllllIlIlIIlllllllI

....................................................

pebeonr™ :

........

L

g%éO. J

s 1 PR N P
5340 5360 5380

5400 5420

m(J/y K'K) [MeV/c?]
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1020

l 1040
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-_-—-——-- --—-

7@\-._-.-
/N

4

10°
102
10

—

=
—

(sd $LZ°0) / sayepipue)

10
Decay time [ps]

0.5

0.5

cosOu

l--—_- _-—--—_—-—_-_-—-dn
T
0 / N
O / N
- T / e
| . )
\ '
+ \ S !
S
F N7
= _. e
/N
+ / /, "
+ / A
1
L
I
— / \\ _IA-%
\ P
\ / :
_...___._..*.. _.__.___/.___s._._..-_.
S S S O S S S O
¥ & 8 8 8 % &
(Pe12 90 () / SeyepIpue)
-—-_-_--—_-—-_-_-_h.\nl
sl
N / 14
N\ i i
\ ! il k=]
\ |/ i
N
I 14
A 3
S
_.,\ |
\\.— "
\ 1
/o H
s R 4
,/ "
Wl
-—-_-_--—_-—-_-—-M —

:

L9900 / seyepIpuer)

2888°

0, [rad]

cos By

lV\\.A)’ FAAVE RS
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But two-fold ambiguity in solution: fit function invariant under transformation
(¢s. AT, o, Gl ) = (7'5_4’5. —AT_, 2315—5". _5l )

— 0.2¢ ) T — T T T T
P 2 — 68 % CL -
£ oyeE P S
[—:n 014 ; L S}anilard Model_E
<o012F :
0.1F :
008F :
006F 3
0.04F 3
0.02F 3
0 PRI P R R R

-04 02 0 02 04
¢ [rad

where is the (T1-@,, -Al’) solution ¢
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(¢, AT_,8,,8,) ¢> (m—¢,—AT ,28-8,, -8,

Candidates / (1 MeV/c?)
o 3888388

b — KTK—

LHCb

T T T T T T
! T T T T T T

K*K= P-wave

B 1000 1020 1040
m(K'K) MeV/c’]

Phase of Breit-Wigner amplitude 2 3
increases rapidly across ¢ (1020)

mass region

,\
T llll_‘l

st
o

K*K™ S-wave:
Phase of Flatté amplitude for f0(280) -
relatively flat (similar for non-resonance) 4F

Phase difference between S- and P-wave amp

0s, = 0.0, decreases rapidly across ¢ (1020) mass region

IDPASC 6-7 May 2013

Il I | |- I 1 1
1000 1020

1 l | 1 1 | | 1 l | 1 1 1 I 1 1 |
1040 1060 1080 1100 1120
KK invariant mass (MeV)

M (KK)
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The fit is done in bins of M(KK)

O - O | [rad]

— This is the physical
behaviour
(decrease of o )

4+ LHCb L -
3E AT<0 3
3 ﬂ T :
0f 3

- Al'>0 »—{-—f—' , ]
-1 :_ | | |i _:

llOOOI | I1020I | I104OI
m(K*K) [MeV/c’

\
[—

The sign of Al is known |
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LHCb 1.0fb™" + CDF 9.6t '+ D@ 8fb™ + ATLAS 4.9fb™"

_} I I 1 I I l”l LI | r\l\ 1 LI | I I 1 I 1 I L B | I l 1 I 1 I *_

DO
April 2013

' 68% CL contours
(Alog L = 1.15)

' LHCb

1

]

1

\

\
\
\
A
\\ - 1
- ~ 1 >
Y \:Combined
~ 3
¢ ’ w0 Ine
7~ ’
! \s e *
----- - —-\---~
I " ~\\
I o~ \ \\
-’
I P \ ~
1 s - 1 -
\ ’
’ !
’

- - - -

Illllllllllllllllll

- —
- - .-

el LI
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RAre decays :

FCNC




FCNC :

[ 1w ere-wd)= D

o IVct/z T
[V ¢ [Ves]* [Ves

> o.??'/s)z RS J
= m’?’ |

= 97827

Cn. Cl D

: J
| - Lr J ‘
(./',tﬂ' - Sn s "C,sag 3,30 Ll |

TR
ShS-GSaSa e
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basics requirements :
* should not be ruled out by existing measurements

* predictions from SM should be well known

= Flavour Changing Neutral Currents (FCNC) :
- forbidden in SM at free level, suppressed at higher-order due to GIM
mechanism = rare decays |

* New virtual particles can appear in box and/or penguins diagrams

w|
)
7
g

measurements of branching ratios, angular distributions : compare with
theoretical predictions from SM ; if deviations are seen : New Physics

IDPASC 6-7 May 2013
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Feynman graphs can be computed at quark level but ....

% €+
€+
W v,
b - c
BO Vcb
d d

the coupling constant increases
when the energy decreases

Coupling constant, o, (E)

0,4 ]
0,3_:
: = cannot use perturbation theory to calculate
02- the (soft) QCD effects (hadronic effects)
0,1_:
0,0 I B T
1 2 5 10 20 50 100 200

lustration: Typofarm Energyr GeV |DPASC 6-7 I\/\Oy 20] 3



Theoretical approach : Operator Product Expansion (as seen by an
experimentalist)

Allows to separate

* the low energy effects (hon-perturbative QCD, difficult fo calculate), form
factors, decay constants ...

* the high-energy effects (perturbative QCD + weak interaction+ potential New
Physics)

Mo = =2V Vi (3 (GO + Cu)OHw))

i=1...10,S,P

M is the limit between the two regimes (few GeV)

The b—s fransition is particularly interesting to search for NP :
- modified Wilson coefficients : C+AC,
* new operators : CNONF,
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B,.—Uu U
d,s
/ perturbative QCD is hidden
4m?2

This is were the non-

_ Ggo?
BR(Bs — ptpu~) = 6:1::3 fésTB, m3B‘\th Vt>|;|2 1— mz“

Bs
2
4dm
mB‘

}

)Ics = CP+ (P = ) +2(Gro - Clo) e

2,02 6
2 mimftan® f
In MSSM:  lgsm® o 2K SM
’ MA
b 75% i
b H' u* ) W
) T ) tA Z -
2HDM: th _ Yo, s = 3
S W n > W
b N ' p+
< N - H 0
¢l I{’_A“_Hl<_ b p w'" 24% ) p+
~ d M
> > r{;)~ | A _ Y UI
n s W W
b H > >
RPV: V
u SM Higgs contribution < 1%
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Total spin has to be conserved:

b ¢ H [ B <G <G B >
o ! _Z < O > < O >
: , < 0 Sp=0 g+ 0 Sp=0 g+
W
b —p

left-handed particle right-handed particle

T left-handed anti-particle  right-handed anti-particle
t Y AV,
5 —t S

W+
SM @ very rare (V4 helicity suppression)

In the SM, in the massless limit: left-handed anti-particle &right-handed particle
are forbidden

B(B) — (T(7) B(B) — (7(7)
(=e¢ (24040.34) x 107" (8.15+1.29) x 10~
(= (1.00£0.14) x 10710 (3.424+0.54) x 10~
(=17 (2904+0.41) x107®  (9.86+1.55) x 1077

(old numbers)
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Latest SM predictions:
B° (B? - putpu)sy = (3.25 +£0.17) x 10~°
B (B° -» utu)gy= (1.07 + 0.10) x 10710

Time integrated BR: PRD86, 014027
(B(BY - p*p )sy) = B°/(1 —yy)
=(3.46 +0.18) x107°

Search for By and B,: the branching fractions could be modified differently by
New Physics

IDPASC 6-7 May 2013
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How to select so rare events ¢

Selection should be:
* very efficient for the signal
« similar for signal and control channels

* Initial selection requires:
» good fracks with a large impact parameter
» good and displaced secondary vertex pointing to the
primary vertex
« good particle ID to remove B — h*h=" (u*u~)Signal

* Tighten initial selection to reduce combinatorial bkg: cut on
the output of a MVA combining information about the

candidate topology
<

.
-

/0% bkg rejection
95% signal efficiency

IDPASC 6-7 May 2013
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- Boosted Decision Tree
- Inputs : 9 inputs variables uncorrelated with m,,,

- Trained and tested on MC signal and bb — uuX

2y 0.2 pryere——p—— g 02— y—
g :::: -E —o— Data IM sidebands : g :::2: —o— Data IM sidebands B Candidate:
g 0' " E_ ~e— MC background E 5 014E —&— MC background ro er ti me
”-g 0.]2;— & —e— MC signal — -g 0.12F —e— MC signal P p
01 1 7 o - impact parameter
0.08 LLHCb E 0.08 LHCb
0.06 1 onf - transverse momentum
0(.)4 :— - 0(}4 - . -
0.02fs- 3 0.02F - B isolation
% o0 0.1 % o0 0.1
B;p [mm] muons DOCA [mm]
& | o — T T T 3 é 0.35 T Ty v v v T muons.
g 0.9E —&— Data IM sidebands ‘g = 03 = —&— Data IM sidebands *
g 83: ~e— MC background E ? 025E ~e— MC background - mln pT
-g (())(:: —e— MC signal :é 'g 0.2F w —e— MC signal - Min IP SIinflcance
) 3 J: :
04F LtHeh 4 "B - dist. of closest approach
- E —: 0.1 : . ]
02k e ER - muon isolation,
01E — E MR . .
ol e 3 —— - polarisation angle
0 2 4 6 8 0 I 2 3 4 5
[so(u™) + Iso(u ) B decay time [ps]

76
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two variables : BKG-like

* the 2 muons invariant mass
* the BDT output

1

l
|

T T

L ——
10°! ——a—a—a———5

LHCb

SIG-like

llllllll . lllllll 1 llllllllg 1 llllllll

102 &
Flat on signal (by design) : I
. -
10 = m Signal [
E —(— 1
- O Background —(
10—4 - M B ] .
0 0.2 04 0.6 0.8 1

One also has to worry about some rare (Ttuv ~104) decays:

‘:-‘ 3_' T T i
o §
= o8 LHCb
27 0 z
2 o B -muv .
= ¢t 0,+ 0,+ ]
& 1.5} B — Hp
= 0 / ;
:>: ; B(S) —hh ;

IIIIIIIIIIII

1 J_L 1
5200

5400 5600 5800 6000
m,,, (MeV/c?)
IDPASC 6-7 May 2013

T l 1
5000
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the observed (or not) vyield has to be translated into info a BF |

Number of signal events corresponding to a B :

N 50 outu- & BBy~ utu") X Np

- Np_obtained with a channel of known BR:

Np+_ 1 pK+ fs N. o Npo_kn xfs
Bs " B(BY -» Km) ~ f

Nos X BB+ = J/9k ¥ ¥,

- Correcting for efficiencies:

REC _SELREC _TRIG,SEL

€ € €

0 -\ 0 _ sig “sig sig
N(B} » u*u~) =B(B oiud ) X B REC _SELREC _TRIGSEL
norm €norm€norm  €norm
Extracted Evaluated from MC, Measured on
from Data x-checked with data data

SM expectations 2012+2011 in the mass windows:
13+11 B> u*tpy~ and 1.5+1.3 B> utu-
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Events in the high BDT region:

I

@ - ]

7 LHCb -

O 12H 1.0 b '(7TeV) +1.1 fo '(8Tev) ]

> F BDT>07

o 10~ 1 —— Full PDF

B °F | B —ww

% SH - B’ =t

Q i R Comb. background

® 6 B i

o C 4 ] B — h™h

) - i — B’ = utv

3 T
0 E ———
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B(B? - p*p™) = (3.2%}3) x 107°

Value in agreement with SM time integrated prediction :

B(BY > u*u)gy = (3.46 +0.18) x 10~°

What about B,~>uu ¢

—
o b .
osf LHCb - Compatibility with
o6k E bkg only
: ] hypothesis:
0.4 .
02 1 p-value = 11%
0-..1...1...1.7.‘;$=m==5__._:

02 04 06 08 1 12 14
B(B” - u* w) [107]

Obs. limit: B(B® » u*tu™) < 9.4 x 1071% at 95% CL
Exp. limit: B(B® -» utu™) <7.1 x 109 at 95% CL
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What is the CLs method ¢
ldea : compare the observed data with expectations
Define a test statistic for this comparison : -2InQ
Calibrate -2InQ with pseudo experiments:
if BR = br then

 -2InQ would take this value for background only

« -2InQ would take this value for Signal + background only

Compute -2InQ for the observed data

BR = bor
0.06 - - E . S+B ) Data
2 = ah; = i,
. CLS-H) = 18 S i
0.05 o~ = . L
0.04 - CLb R — = L
: on 12 L “\‘ 4
0.03 |- QL E R = A
= = E
o M o8
e = 06 r—_—
0.01 - o4 jllustrative ==
- 0.2 :— plot
0 - =, ) . i —tea ) : i — [ PEEPEP T B Er N B PR L3
-30 -20 10 0 30 -20 -10 0

—
Lo.p -2nQ
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B,

good separation between bkg only and bkg+SM expectations

CL,

0.8

0.6

0.4

0.2

| ' ' ' | ' ! ' | ' ! ! )
I 2011+2012 Data i
— LHCb -
:_ expected _
[ observed \\ i
.'& expected -
'\, bkg -
-...\........-.-------- - ~ .
.—}T\J&-+_L f .; ' — L\\ )

2 4 6 8

B(BY — u* w) [107]

Bkg only p-value: 5.3x104
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An example of the impact on CMSSM:

1052 - 1030,
% % ] Solid line: central value of the
@’ @’ BR(Bs — p"p™)
& & measurement
| Dashed lines: 20 experimental
1000 2000 3000 1000 2000 3000 deviations
m, (GeV) m,;, (GeV)

Gray points: all valid points

CMSSM

Creen points: points in
agreement with the Higgs
mass constraint

20 40 60
A, (TeV) tan
A. Arbey, M. Battaglia, FM, D. Martinez Santos, Phys.Rev. D87 (2013) 035026

In this (simple) scenario : the Higgs mass constraint and a BR(B,— u ¢ ) smaller
than the SM value are not compatible

Of course in more realistic/complicated models the constraint gets weaker ...

IDPASC 6-7 May 2013
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By—K 1 1 |

K*O

d K*O BO K*O

B _
B /ot 5 : W _
e’ W et
W+ .
~/Z° /Z°

e e

System described by

* g =M>(2g)
3 angles
Right handed part
(suppressed in SM)
4 A
H_ = 4G V.v. > (C. (u)x o) (,u)+C'.(,u)>< O'.(u))
e \/5 Si:7,9,10 i i i i
C, : short distance O, : long distance b

Wilson coefficient operator (non-pert.)

(pert. )

BO

u/c/t

W*% Ve %W‘

T3

Interferences between all these diagrams: a large number of observables
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As for the measurement of @, the full descripfion is complicated :

ar

9
= I ZICOSO ,C059 7 q)
dg*dcos6 dcos6dp 32r (q K ¢ ¢) \Q \% \K .
9;}\\ . =

Q+

N
»

The Cl'), ,,are encoded in the I._; o

I=1 (qz,coseK)+ I (qz,coseK)coszef +1, (qz,cosaK)sin2 0,Ccos2¢

+1 (qz,coseK)sinZOE cos¢ + I (qz,coseK)sineg COS ¢ +

6
2

4
I (qz,coseK)cosef + I (qz,coseK)sinGZ sing +
Is(q

,cosGK)sinZOK sing + I (qz,cosé?K)sin2 0,sin2¢



But

B.—J/WYKK B,—K 1 u
28000 signal events 900 signal events

Some tricks have to be found :

d fransformation:

if ® <Othen ® = O+ : keeps cos (2P) and sin (29) effects cancels cos(P)
and sin(®) effects (including acceptance effects) |

‘ (q cosé6 ) (q cosé6 )cosze + 1 (q cosé6 )sin29€c052¢

+€q—ees—9—)-s+n-29—eee¢ Pfq—ees—H-a—a—O—eesﬁ—v—
(q cos o )cose +{—(q—,ee&9ﬁ€+ﬂ-9£—s+ﬂ¢+

Ak K 7 + 9(q ,COSGK)sm 6 sin2¢
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dr N
dg*d cos6,d cos6 d¢

F cos®6, +%(1 —FL)(l— cos’ 6>K)+(2cos2 0, —1)(%(1— FL)(l— cos? OK)— F cos’ HK)

+%(1 —FL)Aﬁ (1 - cos’ 0, (1 — cos? 96)c052¢+§AFB (1— cos’ OK)coseg +

%(1 - FL)A;”1 (1 — cos? OK) 1 — cos? Of)sinzq)

Four parameters to fit (F, A, A2 and A{/™ ) in bins of g2
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F is the fraction of longitudinal polarization Al

Ag Is the lepton Forward Backward asymmetry

The g? value at which Ag=0
probe to New Physics

A7(-2) _ ‘AJ-‘ B A|| AIm
il

0.5]

(2)

—05F

—1.0l

‘AO‘ +‘A‘ +M|‘

Is a sensifive
Forward Ba(‘kwal.:ani
Im(A,A,,]
= . .
‘AJ_ +‘A\I
1.0 - - '
E-mgmel
= — e SUSY scenarios
- ——————— M
/
a__——
b
T 3 4 5 6
¢* (GeV?)

Egede et al arXiv:0807.2589

Most of the hadronic uncertainties are put in F. 83
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* |n practice:

« select the events in various g2 bins

« fit the yield and compare to the B—J/Y(—up) K

2011 data (1 fb')

Candidates / ( 10 MeV/c?

Candidates / ( 10 MeV/c?)

Candidates / ( 10 MeV/c?)

4o~

LHCb 1.0fb"
0.1 <q®<2 GeV¥ct

[ Signal
@ Combinatorial bkg
[l Peaking bkg -

N,,=140+13

sig

600
My | MeV/c? ]
60 L) I I
* LHCb 1.0 fb™
4.3 <’ < 8.68 GeV?/c*

401

sig

Ny ,=271+19

mm?[ MeV/c? ]
60 L] ] I
LHCb 1.0 fb" ]
: 14.18<q’ <16 GeVZ/c*t 4
40~ —
Ngg=115£12

0
5200 5400 5

600
IDPASC 6-7 May™&Gikal MeV/e?]

)

Candidates / ( 10 MeV/c?

Candidates / ( 10 MeV/c?)

Candidates / ( 10 MeV/c? )

O yield :

LHCb 1.0fb™

2 <’ <4.3 GeV?/ct 1
40 -
20 N Sig: 73i ] ] —

5600
Mg | MeV/c? ]
60 T T T
[ LHCb 1.0 b ]
- 10.09 < ¢° < 12.86 GeV?/c* -
40~ —
. * Ny =168+15 ]

60 ) ) L)
[ LHCb 1.0 fb"
16 < < 19 GeV%/c*
40~ -
20 Nsig:] ]61]3 -

0 . 1 L = & 3
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d_BQ — > 1 ' Nsig 5K*0J/¢ X B(BO—> K*OJ/'I,b) X B(J/’(,b N M+#_)
dg®  Ghax = Ymin VK01 EK=0ptp-

Theory EEBinned

—
%)

—L

dB/dq? [107 x ¢* GeV?)
o
¢}

15 20
¢? [GeV?/cY]

The differential BF has large theoretical uncertainty
= fit of the angular variables

IDPASC 6-7 May 2013 4



Theory W Binned Theory W Binned
-~ HCb

LHCb

-o-_HCb

Arg

0....5....10....15....20 0 5 10 15 20
¢ [GeV?/cH q? [GeV?/c!]

Improved precision compared to other experiments
Good agreement with the SM ... but uncertainties still large.
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Theory W Binned
—o—LHCb

Events / (6.5)

e
q? [GeV?/c4

Many subtleties ...
- S-wave under the K™

(1-F,) ! ar > FF (1—c0529€)+iA

S

+
dr/dg® dg’d cos6,d cos 6 d¢ 167r/3, 3 T

Squared amplitude of interference between the S-wave and
the S-wave the longitudinal amplitude of the K™©

S

coso, (1 — COS° Of)}

* threshold effects
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We are now entering in the era of constraining Wilson’s coefficients |
Many preprints out in the last months on this subject (arXiv:1209.0262, arXiv:

BR(B—X,7) B—=XJ|l B—=K*uu B—uu Acpb—sr) B—Kuu Acp(B—K*707)

— 1 arXiv:1206.0273v2

« M

Im (C7)
Im (Cyp)

Im (C,)

Large bins in g2 still used (eg 1-6 GeV?)
More statistics and finer binning : larger sensitivity 74



Summary

Hadronic environment at the LHC
* hadronisation fracks
« large mulfiplicities
« pile-up
The LHCb detector is made for it |
In most of the cases, avoid absolute measurements (ratfios of
BR, angular analysis)
Very precise results

* inthe B, sector

« B, and B* sectors (competitive with B-factories for modes without
neutrals ...)

Now starting more complicated modes : eeK*, modes with
neutrals

Many things were omitted : charm physics (!), spectroscopy,
production ...

IDPASC 6-7 May 2013
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From A. Lenz:

}) ' 4
susy 3 j %
‘ ittle Higgs

50 Birthday Deluxe Edition

WED

IDPASC 6-7 May 2013
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A. Soni at the Opening meeting for the Super-KeKB proto-collaboration (2008)

"Imagine if Fitch and Cronin had stopped at the 1% level,
how much physics would have been missed”

K%)—>2r CP=+1 7~10"s

‘K§> 371 CP=-1 17~5107%s large lifetime because of reduced phase space

484 <m* < 494 +10

30

2-body decay : pions
back to back

signal

494 <m¥*< 504

NUMBER OF EVENTS

BR(|K?)— 2r)

504<m*<514 +10

BR(|K?) > all ch. modes | T
_ (20 +0. 4) 1 0_3 0,9996 0.9997 0.9998 0.9999 1%?859 |

cos 8
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B) - u*u~ Candidate

13.5.2012 8:24:38

Run 115275 Event 1941832142 bld 1447

B candidate: mu, = 5353.4 MeV/c? BDT = 0.826
pr=4077.4 MeVI/c T =2.84 ps

muons: pru +=2329.5 MeV/c  pru-=4179.4 MeV/c

NB : pT>500 MeV and tracks belonging to the same PV are shown



