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Many thanks to P.Campana, J.Albrecht, R.Forty, C.Gaspar and many others for (un)
knowingly helping me!



LHCb

The LHCb Experiment

O LHCb: an experiment at LHC searching for NP
beyond the SM through the study of very rare
decays of b and c-flavoured hadrons and precision
measurements of CP-violating observables.

o First results from LHCb have already made a
significant impact on flavour physics and proved
the concept of a dedicated experiment in the
forward region at a hadron collider.



”!“C% The LHCb roadmap

o Measure processes that are strongly suppressed in the SM and poorly
constrained by existing data, but that have sensitivity to new particles at high
mass scales via their virtual effects in loop diagrams (complementary
approach to direct searches):
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o Search for possible inconsistencies in measurements of angles and sides of
unitarity triangles: compare results from decays dominated by tree-level
diagrams with those that start at loop level to probe validity of SM

o The precise study of b and ¢ decays, the observation of very rare decay
modes, and the accurate measurement of CP violation asymmetries is
an essential tool for the identification of New Physics.



RIS8 Wiy the b quark?
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o Heavy quarks have a short lifetime t:

Tcharm ~ 10-12 S
Tbeauty ~1.5 10_12 S T ~ 1/(m5 |VCKM|2)
T, ~510%s

While the t quark lifetime is too short, the b and ¢ quarks live long
enough so that we can study their production and decay sequence
In detall.

o The b quark is ideal for experimental study of V., and CP violation:

o relatively long lifetime

o high mass (many possible decay final states)
= “A‘D’is the elephant of the particle zoo: it is very heavy and lives a long
time” (T.Schietinger).
o larger CP asymmetries than for s and ¢

o theoretical predictions can be precisely compared with experimental
results



RIS8 Wiy the b quark?
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o The b lifetime is long enough for it to propagate an
observable distance D when produced at the LHC:

D=Bycrt
~1.510"%s

rbeauty

At the LHC:
B=vic~1

vy =E/mc? ~ 20
(E: b energy)

D =20¢321070¢1.510-72~ 1cm



(i Why the b quark?
z4

o The b lifetime is long enough for it to propagate an
observable distance D when produced at the LHC:

D=Bycrt w o
e mewe S
~ -12 s m(KK) = eV/c?
rbeauty L5 10 > m(upKK) = 5343 MeV/c2
t/o(t) =78 (L =20 mm!)
At the LHC:
B=vic~1
vy=E/mc2~20 | [\~
(E b energy) S

D =20¢321070¢1.510-72~ 1cm



”!“C% b production at LHC

o Advantages of beauty physics at hadron colliders:

= High value of beauty cross section at LHC:
= 0., ~ 250-500 ub @\s=7-14 TeV (0,,@Y(4s) ~1 nb > >105 factor)
» Measured at 7 TeV ~ 280 ub (~70 pb in LHCb acceptance)
» 0. Is 20 times larger!

m ~10" b decays (1 fb'1)
~1072 ¢ decays in LHCb acceptance

m Access to all b-hadrons: B*, B?, B, B, b-baryons

= In particular can study the B, (bs) system, not studied at the B
factories, but measured by CDF/DO0

o The challenges

m Rate of background events: o
= = Trigger is essential!

~ 60 mb @Vs=7 TeV

inel



LI-’“C% LHCb Acceptance

Detector designed to maximize b acceptance (in cos8)

o b-hadrons produced at low angle

o Forward spectrometer 2<n<5

o Single arm OK as b quarks are produced in same
forward or backward cone

o Rely on much softer, lower P+ triggers than ATLAS/ &

6

CMS, efficient also for purely hadronic decays

4

o ATLAS/CMS: |n|<2.5 — i

o Will do B-physics using high P+ u triggers, mostly

with modes involving di-u

o Purely hadronic modes triggered by tagging u ?



LHCD

Detector Requirements

- __________00_00000000__]
o Key features:

o Highly efficient trigger for both hadronic and leptonic final states to
enable high statistics data collection

o Vertexing for secondary vertex identification, capability to resolve fast B,
oscillations (B, oscillation period ~350 fs)

o Mass resolution to reduce background
o Particle identification Example: B — D K

Mass + pointing constraints to
reduce backgrourld

Good K/n
separation

Good primary + secondary vertexing to
measure proper time

Flavour Tagging




% The LHCb Detector

Vertex Locator mH DetectcN
VELO ) ~N
_ / Muon
Movable device
35 mm from beam/out of physics / SyStem

8 mm from beam i’ physics
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Vertex Locator (Velo)
21 stations of silicon strip detectors

(r-9)

* Trigger on large IP tracks
. Measurement of decay distance (time)




ﬁ’-’ﬁcg Vertex Locator (VELO)

434
o As seen by the colliding protons...




rach RICH Particle Identification

RICH: K/p identification using Cherenkov light emission angle
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Lach RICH Particle Identification

RICH: K/p identification using Cherenkov light emission angle
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RICH Particle Identification

¥ LHCb ]

o Allows Strong 210000F (52900 GV Data o r st -
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LHCD

CP Violation in B Decays

o Using the PID capability of LHCb, can isolate clean samples in
2-body B>h*h- decays (h=m,K,p)

o BY% — K*n™: direct CP violation (in decay) clearly visible in raw
distributions
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o Adjusting the selection to enhance the B, — n* K™ contribution
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CP Violation in B Decays

84

o Using the PID capability of LHCb, can isolate clean samples in
2-body B>h*h- decays (h=m,K,p)
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0 Agp(By— mK)=0.27 £ 0.08 £ 0.02
o > First 30 evidence of CP asymmetry in B, decays!
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Very rare topologies in B->h*h-
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0 First observation of B2 with 5.3c significance
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% LHCDb Trigger

.20y

o Trigger is crucial as o, is less than 1% of
total inelastic cross section and B decays
of interest typically have BR < 10

o b hadrons are long-lived -
o Well separated primary and secondary vertices

o Have a ~large mass—>
o Decay products with large p+



% LHCDb Trigger

40 MHz

. . . don
l l l = CALO P;>3.5 GeV, MUON P;>1.4 GeV
<1 MHz = New data every 25 ns, decision latency ~us

Software level (High Level Trigger, HLT)
o Access all detector data

o Farm with ~1500 PCs (29000 logical cores)
~40 kHz o HLT1: Add Impact Parameter cuts
O

suRne HLT2: Global event reconstruction tuned for HLT
- - time constraints (20-30 ms)>  ~4.5 kHz
-l
-
HLT needs operational flexibility to adapt to the level of

pile-up
~4.5 kHz o Trigger setting configuration distributed

_ simultaneously to 29000 logical cores

Hardware level (LO) 40 MHz of bunch
crossing—>1MHz

o High-p; u, e, y, hadron candidates (ECAL, HCAL,
M

Level O

HLT 1

High level trigger (HLT)




% LHCDb Trigger
.224

o Trigger efficiency:

O B decays with uu € wox HLr) ~ 70-90 %

0 B decays with hadrons € ;¢ x gty ~ 20-30 %

o Charm decays : € woxHry ~ 10-20% > ;I:g;;? charm

o In 2012 increase (+10%) in no. of CPU installed + “deferred HLT

trigger” implemented

o Exploit the idle time between “fills” (the periods when there are protons
colliding in the LHC), which typically last between two and three hours,
where no collisions take place and no computing power is required.

o “Deferred triggering": storing events that cannot be processed online on
the local disks of the servers, and later, when the fill is over, processing
them on the now idle servers - +20% in CPU
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LHCDb running conditions

in 2012 -1:10 wrt ATLAS/CMS (L;.¢)

o LHCD is running at ~4 1032 cm-2 s-1 (j.e. 2000 e -
a factor of 2 above design value) 3 (COLPRER) e Cows

o Mean number of interactions/bunch § 460
crossing~2, while for ATLAS/CMS 3 1200
>30 2 1000
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o Luminosity is leveled through automatic g _,

adjustment of offset of colliding beams— £

operation in harmony with higher s
luminosity for ATLAS/CMS bl T

22h 01h 04h 07h 10h 13h 16h  19h

(40,407,507 exvelope for ex=1.x 101, ooy o) b o =1 10y 3 05y 20T

" Collisions at IP8 |

/1

In 2012 beam optics changed to

decouple crossing angle from

LHC (V) and spectrometer

magnet (H). This minimizes

| systematic effects when we flip
T i | magnet polarity.

N




LI!C]? LHCDb running conditions

2N I ——

VELO rz view

o 20 MHz of bunch crossing (in 2012, with 50 ns bunch
spacing) with an average of 2 p-p interactions per bunch
crossing > this level of pileup not an issue for LHCDb



LHCh LHCb in its cavern (~100 m deep)

AShielding wall
{against radiation) Offset interaction point (tg make best

use of existing cavern)
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can be moved
from beam-line for access
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LHCh Accumulated statistics and
data-taking efficiency

- 000000000000
LHCDb Integrated Luminosity in 2011 and 2012

1-8 i i H H
. Delivered in 2012 (4 TeV): 1.391 ffb | : 5
1-6 : ° Recorded in 2012 (4 TeV): 1.310 Ifb ; ......................... j ......................... é ......................... :\
I Recorded in 2011 (3.5 TeV): 1.107 /b |
1_4 S \ ......................... x,, ......................... . ......................... . ....................... . ......................... \

Recorded Luminosity (1/fb)

0 ; —— | e '5';;} I ; B 1 | 1 1 1 | 1 1 1 I 11 1 | 1 1 1 | 11 1 |
01/04 01/05 31/05 30/06 30/07 29/08 28/09 28/M10
Date

o Target of >~2.2/fb on tape in 2012 (including p-p run extension)
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LHCD shift
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Two shifters and many experts on call



gich  The LHCB Control System:
On The Path To Full Automation

| 20 |
0 Some examples:

o High Level Trigger Control (~1500 PCs)

= Automatically excludes misbehaving PCs (within limits) and (re)include
them

o Run Control

= Automatically detects and recovers SubDetector desynchronizations
= Can Reset SDs when problems detected by monitoring

o Autopilot

= Knows how to start and keep a run going from any state

o BigBrother

= Based on the LHC state, controls SD Voltages, VELO Closure,
RunControl




tach ~ The LHCB Control System:
On The Path To Full Automation

7} Vision_1: fwFSM\FSMOperate.... B [=] B9 || 2 LHcp: Top =101
S State Auto Pliot | Tue 20.sep-2011  15:50:57 |
User: |root Ql LHCh [ 8 | A [Foot 4
Identity: |ECS:Manager13 Sub-System State
. DCS m Run Number: Activity:
sel_e':t Node: Rl m |1D2I388 |COLLISION LI
&-EEHCh A
&-[DCs DAQ _@_ Run Start Time: Trigger Configuration: View... |
a-CIHY Reits _ |20-5ep-2011 15:50:22 |Physics |
- [DAI
e m Run Duration: Time Alignment:
- EDAQ
- ERunInfo HLT [ 4| o002 I™ TAE half window [0 -] W L0 Gap
- CINF Straee _ﬂ Nr. Events: Max Nr. Events:
E§=LTTC Monitoring [ rone T 8| 2256 I Run limited to [0 Events
- [storage Step Nr: To Go: Automated Run with Steps: Start at:
- [ Monitoring Calibration | nowws -] o o I Step Runwith[l  Steps [0
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41 [ Calibration LO Rate: HLT Rate: Dead Time: i
#-[C_JTDET -100% n
- EEVELOA ]
- [EVELOC =
- T -50% :
a
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% i - -0% &
Efficiency | ¥ Trigger Rates | 812092.82 Hz 5§365.67 Hz 537 % d
TFC Control I TELL1s| LHCb Elog | Data Destination: |0ﬁ1ine 'I Data Type: |COLL|SION11 3 v Automatic
File: |/dagareaihch/datar2011/RAW/FULL/LHCE/COLLISION11/102088  Run DB
Sub-Detectors:
ET || veoa |G| veroc |&| T |@| w |G| om orc || mcH1 |G| mcH2 |G| eprs |G
HOT_READY -
"DOT'O‘—TFC Trigger Components:
&-CJOTA_HLT
T ecaL |G| Hcar | G| muona | G| muonc | G LODU 1cao |G| tmua | B[ tmuc | B TP | 8
#-[JOTA_Storage >
«| | »
Messages:
vV View All Dwners Close I 20-8ep-2017 15:50:21 - 7 INFO - Max Run Time (60 minutes) Reached - Changing R A
20-Sep-2011 15:50:22 - LHCh executing action CHANGE_RUN
20-Sep-2011 15:50:22 - LHCh_TFC executing action STOP_TRIGGER
20-Sep-2011 15:50:24 - LHCh_TFC executing action START_TRIGGER
MN.Qan.2N11 18-AN2Q - | I h in ctata R1INNING - close |
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The LHCB Control System:

BN On The Path To Full Automation

7* vision_1: fwFSM\FSMOperate.... [ =] BY

User: |root

Identity: |ECS:Manager13
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Monitoring (SRR 3| [Ees 0 © Runlimitedto]D Events
Step Nr: To Go: Automated Run with Steps: Start at:
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minutes) Reached

20-Sep-2011 15:50:22 - LHCh executing action CHANGE_RUN
20-Sep-2011 15:50:22 - LHCh_TFC executing action STOP_TRIGGER
20-Sep-2011 15:50:24 - LHCh_TFC executing action START_TRIGGER




LHCD -
LHCDb physics program

Rare B decays
B decays to Charmoniu

o B decays to Open Charm CKM y angle from B->DK, B to double charm
B->hh, B>hhh, ..

O Radiative, leptonic, electroweak, hadronic

B mixing parameters, CPV

Charmless B decays

Semileptonic B decays

Charm physics
charm decays

CPV, V,, cross-sections & b-fractions

Production & spectroscopy, CPV&mixing, rare

o B hadron and Quarkonia Production & spectroscopy

o QCD, EW and exotica Soft & hard QCD processes, particle production
(incl. EW bosons), PDFs, exotic long-lived particles, pA collisions



Jecays: -

- Search for NP in By y—utu




% Search for NP in By g —uu-

o Highly suppressed in SM - FCNC 0o,
plus helicity (m /Mg)? - and well a el N

predicted ol W
o BR(B,—u*u)= 3.2+0.03 10 L /2

O BR(BdeWM‘F 0.11+0.01 10°
m A.J.Buras et al: arXiv: 1208.0934

0 Sensitive to NP

o Could be strongly enhanced in SUSY ;
o In MSSM scales like ~tan®B 2 b Nf' i
]t mr’<
- 5 - H

o Limit or measurement of By j—utu” K - /

will strongly constraint parameter
space
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Search for B,—utu”

35y OO

10 J/
0 s ~10 B,—w*u-and ~1 By—u'u-
10 decays expected in 1/fb (after
108 P ) w(2S) trigger&selection) assuming SM

10’
10°
10°
10*
10°
10°
10
1 BO +y1
107 s WU

10-2 Lol ] [
1 54 10

Y (1S, 28S, 3S)
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cand. (not corrected for efficiency

02 | |

m(w) [GeV/c?]



LHCb

O I\/Ialn issue is rejection of background, dominated by B—u*X, B —uX
decays

Good mass resolution crucial

Analysis performed in 2D : Multivariate estimator (BDT) combining vertex
and geometrical information vs dimuon mass m,

o Data show a slight excess over background-only hypothesis consistent
with presence of a SM signal

Search for B,—utu

m, , in sensitive region of BDT

 LHCb BO.—uys

MeV/c?
()]
w n
c
5
(4]

JPer 24

Events

N

[e6v€021] (2102) LO8LEZ ‘801 THd

L | 1
5400
BDT m,,(MeV/c?)

0
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0
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(S B, —uu results with 1b-

37y

_____ Expected limit for background
+SM hypothesis
Observed limit

arXiv:1203.4493
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DETRROR C ~.o

0 T | P I R PRI i S Fn — ~

7 8 9 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 o

B(B, — u" ) [10°] BB’ - uww) [107] 5

o LHCb’s world’s best limits with 1 fb-' @ 95% CL §

o BR(B.— p*w) < 4.5 107 »

o BR(B,— p*p) < 1.0 10 L=

o Large enhancement of BR relative to SM expectation is ruled out
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Impact of By y—=u*u on SUSY

.38y

o Constraints from flavour observables in SUSY models with few free

parameters, such as CMSSM (used here for purely illustrative purpose, as
almost excluded by M,=125 GeV)

F. Mahmoudi,
CMSSM - tan f=50, A =0 [1205.3099] [ afiowed

2000

[ cherged LR o oMS 2010
Blo-sv  (0.3+1.1) b

B A-eB - K ) low ¢
1B —nu

B cRE K up)ow

CMS direct search with Ee v 1od B O: v 2
4.4tb 1 (1.1fb1) 500 1000 1500 200( EJ 8- Xunha
m,, [GeV]




LHCD

Impact of By y—=u*u on SUSY

o Constraints from flavour observables in SUSY models with few free

parameters, such as CMSSM (used here for purely illustrative purpose, as
almost excluded by M,=125 GeV) E Mahmoudi

[1205.3099]

CMSSM - tan =50, A0=0

-allowed

[ charged LsP

B sy LHCb 1fb!
-B—>1v /

[ ]B.—un

B AeB— K up)low ¢
[ ]Bi—»nuu

B R

- B—-D1tv

[ RSNt

B crRE K Lp)lowd

H : : [P NP A PR L M SR B Ll - De—1v
CMS direct search with
A (1A 500 1000 1500  20( [e-xuwne

m,, [GeV]

2000

o LHCD limit strongly constrains the CMSSM with large tan 3
o Constraints are superior to those from direct searches



Lbe Impact of By y—=u*u on SUSY

404

o Constraints from flavour observables in SUSY models with few free

parameters, such as CMSSM (used here for purely illustrative purpose, as
almost excluded by M,=125 GeV)

F. Mahmoudi,
CMSSM - tan $=30, A =0 [1205.3099] [ allowed
2000 [ [ charged LsP
: [ EEXY LHCb 1fb-"
1500/ Ll
< [ [ ]B.—»nn /
[ B 2B =K pp)low q
21000 )8 —un "
= B =
500 - B—=D1tv
| EER et
B crRE K Lp)lowd
CMS direct search with 500 1000 1500 2000 B 0. )
4.4fb (117b-1) m,,, [GeV] B X kwhg

o Atlow tan (3, constraints from B,—u*u~lose importance wrt
direct searches



LHCD B, )W summary of exp results

44

SM prediction

DO DO 6 fb"
PLB 693 (2010) 539
® | COFTI
, CDF 10 fb" |
www-cdf fnal gowiphysics/new/bottom/120209 bmumu10f -;\"\ H o)
ATLAS 2.4 fb" \ﬁ o ATLAS/CMS/LHCb combined @95%CL
(1204.0732] = o BR(B.— p*u) <4.210°
CMS 49 fb”' % _
JHEP 1204 (2012) 033 " | = Slight excess of events over
}3?3,123'3;, o W b_ackgrognq, compatible with a SM
T LHC average (2.4+4.9+1 fb") signal within 10
0 20 40 o BR(B,— u*u’) <8.1101

BF(B_—u'u)x 10° @ 95% CL

LHCb-CONF-2012-017, also as CMS-PAS-BPH, ATLAS-CONF



LHCh B* 2T U™y
Rarest B decay ever observed!

o B> u*u- forbidden at tree level in nd—— .d
SM >FCNC : Z/y penguin or box ; —,%1
1 SM prediction: (1.96 + 0.21)1078 i
0 Observed for the first time with 50 %2 - 4
significance (with 1/fb) ” gn. %" !
o BR (B*— m*p*y-) = (2.4+£0.6+£0.2) 108 -
“§ ST —— : ]
2 Preliminary _ z

6000 6500 7000
Mgy, (MeV/ c?)



CPV phase ¢, in B, mlxmg-
decay mterference




nch CPV phase ¢ in B mixing-decay
WY interference

o Measurement of B.-B, mixing phase ¢, in B,—JAp ¢ sensitive
to NP effects in mlxmg

o The phase arises from interference \’ /
. . . e oM BO —op=0

—_—J /U0

between B decays with and without mixing

t,c,u b

A C S — i
W{ + NP2W w S Wé ¢
YD S — < Kj b c
t,c,u
Decay amplitude with mixing (¢,) Amplitude with direct decay

o ¢, is smallin SM: ‘,’;"i‘;\
GM = oM _ 94D ~ 9B = —arg | —BVR | = —(2.140.1)°

VesVa,
o NP can add large phases: ey
Cbs — ¢Sl\-‘l 4+ ¢NP



LHCD CPV phase ¢, in B, mixing-decay
interference

o Interesting Tevatron results with early data and intriguing with
analysed sample

PRD 85 (2012) 032006 - PRD 85 (2012) 072002
—~0de 0.6 E— 95/ CL

‘Tm DO Runll, 8 fb! AM, = 17.77 = 0.12 ps™ L e before adjustment ; CDF :

goa3p SM p-value = 29.8% 04  — 68%CL 5.2 fb-1-

o 0.2F — I before adjustment : i
<oaf
oc

_0_1§ —68% CL s

J/ —e0%cCL w - | ===

-0.2 —95% CL - 1

03E 0.4l —e— SM expectation _

_04E|””,””,,,,,|,...|....|....| I symmetry line ‘

A3 2 4 0 1 2 3 o | -

$2¥® (rad) NI A AR RN B S I

- A5 1 05 0, 05 1 15

AT, =T,-T B, [rad] = -¢,/2

o Results are consistent, both ~10 away from SM

What about LHCDb?



U!“C[\i Golden channel: B.— J/p(p*u) ¢(K*K)
46

46 |
o Theoretically and experimentally clean

m b->ccs tree dominance leads to precise prediction of ¢, in SM
m Relatively large branching ratio and clean topology

m Easy to trigger on p from Jhp—-> utu

o Needs flavour-tagged, time-dependent angular analysis
to disentangle CP-even and CP-odd components
m  P->VVdecay:

= B, pseudoscalar (spin=0), J/y and ® vectors mesons (JF¢=1-)
=  Total angular momentum conservation implies £=0,1,2

m CPlJAp ¢>= (1) |y ¢ > 2
=  Mixture of CP-even (£=0,2) and CP odd (£=1) final states
=  Need to fit angular distributions of decay final states as function of proper time
o 6 observables (invariant mass mg, proper time, 3 angles of the decay products,
B flavour) 2 ¢, Al',, Amg, 3 amplitude ratios, 3 strong phase

differences




LHch. Bs=>J/W ¢:
key experimental ingredients

1 Selection of signal and control channels 0 pecav ime resolution
> P L § * reliminal
§2500__ —+ data #  LHcp Preliminary ?‘.:?103; \If-ggl;:e\; ’
N E —— sig. component : :>: 2 =
;2000__ —— bkg. component ] 17
E i . 10k
1500 11fb-1@7TeVin 2011
: ] LHCb-CONF-2012-002 |
1000~ . 107
-1.:5““-1‘ "-0.5”"0““0.5””1””1.5
500 - decay time (ps)
[ o Effective time resolution ~45 fs from prompt
= L events (Bg oscillation period ~350 f5s)

5300 5350 5400 5450
_ By mass [MeV]
o Very clean signal with ~21200 events (t>0.3 ps)

o ~8 MeV mass resolution

same side
kaon tagger

Same side

o Tagging of initial flavour (B/_B)

. . . proton proton
o Effective tagging efficiency ~2.3% from P
. . . . . . vertex-charge tagger
Opposite Side Tagging (exploits the Opposite side opposite B ~ from inclusive vertexing
decay of the other b-hadron in the opposite
aon tagger (K)

event) Calibrated with B> J/y K* TN X

negative lepton taggers
(e, w) from b-quark

positive lepton
taggers from b—c—l|
cascade



LHCD

B.—~>J/y ¢: fit projections

484

o Maximum likelihood fit using angular information used to statistically
separate different CP eigenstates

0 L T — 1 T T T T T ]

o LHCb Preliminary ©1400 LHCb Preliminary .

N — ~ L ]

» 10° S :;'*‘ S YR T

N e f (1000} =t — A

o S 0 F P

o w r 800 <
1 5 r
102 C

N : 600F e 3
< L

o 400 ~T T ]

N C P - \\\

! 10 200 - N
LL E E // \\
Z === o PE
e 2 4 6 8 -1 0.5 (] 0.5 1
O Proper time t [ps] cos 0

] = 1600 ~———7—~—~———7— ] g [T T T T )
Fe) S s LHCb Preliminary 1 1400 LHCb Preliminary -]
O 214005“-‘ 71 B1200F + —:
I S1200[- . SRS M

> f C ]
.| 14900} gwoo_ ;
[ O gook e T .
800: ’ ] u>J . . - 1
600 ] 600 - =
4001~ 2k~’i:_i..\\\\ . 4000 ]
200:—CB’6(fd N d 0 2000 3
e S-wave (odd) ™~ :

c'f. e S S S S S S S S S [ — ] c'.——.——l——.\_g T

-1 0.5 (] 0.5 1 -2 0 2




LHCD

Summary of ¢, results (ICHEP 2012)

H
©

[

T 95%CL

',-';' 04EI UL DL L L T T [
LHCb alone: S 0355 + standard Model D00 8w
[=0.6580+0.0054+0.0066 S 0.3F g CDF  10fb
-1 = LHCb 0.3 fb
(ps™) 0'25§ [] LHCb 1fb
Al =0.1161£0.018+0.006 (ps™) 0-25— — esncl
T

$.=0.001+£0.101+0.027 (rad) 0.15
0.1

2

0.05 ..
[ ‘---_- --:-:*‘-‘
0:_ ________ .t - _:
0.05 F — ATLAS4.91fb", 68%C.L. 5 constraifed to 2.90+ 0.36 rad _J
) - - =+ ATLAS 4.9 fb™!, 90% C.L. Al'g constrained to>0 I
_0 1_ | L 1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 111 \I.. | L1 1 1 |£
1.5 -1 -0.5 0 0.5 1 1.5

Combining LHCD results: 9 e

ra
¢.=-0.002+0.083+0.027 (rad) (Palestini, ICHEP 2012)
No big NP effects in ¢, !! = must increase precision
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LHch Dimuon charge asymmetry
Another anomaly.....

0 DO measures, with dileptons, the ratio:  Ag; =

N +N,”
N,** (N,~") — number of same-sign u*u* as ’ ’
b b gn k'l 1> N I e L
— — (0)539)
(747 events from B-+,.X decay 7y, DO Dimugn \
000000000000000¢ . \838399
Y ~ 02000000000000000000 naly5|s 08383
— 0 A 000000000000000000000¢ 308
e B g B G, N
= ‘ (@)
" ro4 of ”555éé§§§§§§?E??é?é???é?ésssm
£0002000000000022000000000
Ab b b = C . ad + C . as w& \\\\\&\\
SL ++ —_— d sl s sl N
N + N \\\ N \ NN \\ &
b b N\\ \\\ ALY \\\\\\\\\\ N
Nnininninnuue
no + 0 - , [ —
, B, —uX)-I'(B, >uX) 0.02 -
alf =—=L - : —; g=d,s | Preliminary Sooos
[(B’ = u'X)+ (B’ — 1 X) i
DO 2, s5ec
oo .
FEEE AL(IP_ ) 68% C.L. R
0.04| pzzyg Asl(IP )68%C L.
[ Combination 8 _
® Standard Model oo 3;.88

-0.04 -0.02 0

0 ~3o effect (Bertram, ICHEP 2012)



Lng LHCDb: Dimuon charge asymmetry

.52y |
o Use B,2D (¢m)uvX

0.02

o Measure time-integrated asymmetry: & |5, 5"
_T(Dju")-T(Dju) S
" T(Dju)+ (D) 0 |
o Detector asymmetries between D i .
DO Dsu, 5.0 fb
and D,u" addressed by f
o MAGNET UP and MAGNETDOWN %
samples of almost equal size Artyso, ICHEP 2012
_ _ DO pre-ICHEP v s
o Calibration samples used to measure [ .
experimental biases
n Effect of B,/B, production asymmetry 00 00 o

suppressed by fast B, oscillations
LHCb: as = (-0.24%£0.54+0.33)%  LHCb-CONF-2012-022

Results consistent with SM, but more precision needed to conclude on this
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Ltach Search for direct CPV in SCS

W charm decaxs

O Dlrect CPV : amplitudes for a process and its conjugate differ

o Expected small in SM
o Negligible in Cabibbo favoured modes
o Singly Cabibbo Suppressed decays are an interesting sector to

look for CPV as interference between tree and penguin
diagrams gives sensitivity to NP

c — ssu, ¢c —> ddu

%“ \% eg. D" —=K'K ,n'n"

(a) Tree diagram. S (b) Penguin diagram. $

o LHCDb has very large samples (1.4M tagged D°>K*K- and 0.4M
DO>1r*1r, i.e. statistics in D°—hh for 2011 data alone are order of magnitude
higher than total B-factory yields)

o Clear opportunity for NP search!



Lach CPV in time-integrated D°->h*h-

W decax rates

0 Select D**>D%rt" and charge conjugate decay

o Charge of slow  tags the initial flavour of D? or D°

N =D°(fHx)-N(D"~ =D (Hx) o Serion..
N(D™ =D°(f)w))+N(D™ =D (f)m;)

Anlf)=

o Raw asymmetry for tagged D to final state /' (st*m or KT'K"):
WY (KK )|= A, (KK A, (774) § A, (D¥)
" () |2 Ay () W Ay () 1A, (D*)

2 observables 2 CP 1 detection 1 production
asymmetries asymmetry asymmetry

o Difference AAp 1s a good observable!!!

AA_, =A(KK)-A ()= AS" (KK)—- ALY ()

(Z210%) ZO9TTT ‘SOT TId ‘9DH'T



Lach Evidence of CPV in time-

integrated D°—>h*h- deoax rates

o AAsp mainly related to direct CP violation.Contribution from indirect CPV
remains if time acceptance is different for n*n- and K*K- final states:

i - ir - Alt in
AAcp = [afn(K~K*) — afp(r— %) + %acﬁ

0 Result, based on 0.62/fb of 2011 data is
AACP =(_O-82 + 0'21Stat

o 0.02
S (0]
% 0015 @ J;AQEHE: + 0.11 syst) /o

= Zero CPV I AA_, CDF Prelim,|
0.01— == A LHCb
[ A, BaBar
0.005 P71 A, Belle

-\\\\\w.‘. —~——————
S Il s
N\

(3102) Z209T1T ‘80T TYd ‘9DH'T

00155

-0.0 xx& PO
%02 0015 001 -0.005 0 0.005 001 0015 I0d02
an

(Note also recent preliminary CDF result: [-0.62 +- 0.21 +- 0.10]% [CDF note 10784] )



LHCD Evidence of CPV in time-

integrated D°—>h*h- decax rates

0 Prospects

O Analysis of remainder of 2011 data 1s
ongoing (~0.4/fb)
O Published analysis selects prompt

charm—> only ~3% of total yield is
charm from B

O Alternative analysis ongoing in which
DY flavour is tagged using charge of u
in semileptonic B decays = completely Secondary
different systematics, interesting ’
experimental cross-check

O Precision study of other SCS modes
(e.g. D+2>KK'n*, m'n’, ..)




U!NC[‘?] Upgrade of the LHCb Detector

VPGRABPE
J.Albrecht -‘



%’é LHC(b) Long Term Plan

2009 < LHC startup, ¥ s = 900 GeV
2010 t

Ns=7/8TeV; L o= 3-4x1032 cm2s-
2011
- ~1.5fb-1/year 3/fb

b

2012

2013

LHCD first infrastructure for Upgrade

Vs=13/14TeV; L o= 4x1032 cm2s™
- 1.5-2fb-'/year

2014

2015

2016

5-7/fb

2017

2018

- LHCDb Upgrade Installation

Vs=14TeV; L = 1-2x1033 cm2s-
- >5fb-1/year 50/fb

HL-LHC Phase-2 upgrade, IR, crab cavities?

2019

2020

2021

2022

2023

ms | & gsns | [28ns | * sons

| Vs=14TeV: L, u= ~2x1033 cm-2s-! I

Aannann



”!“C% Upgrade of the LHCb Detector

O

O

By the end of 2017 ~ 7/fb collected

Reaching ultimate theory precision in flavour variables will need more
statistics

Current LHCb limitation 1s in Hardware Trigger (< 1 MHz) that does
not allow us to profit from an increase in L

Upgrade plans:

O Remove Harware Trigger, readout LHCb at 40 MHz crossing rate

O Full Software Trigger in CPU farm

o Increase in yields by factor 10-20 at 1-2 x 10* ems™! (no need for High
Luminosity LHC)

Framework Technical Design Report submitted to LHCC (June
2012) with first evaluation of upgrade cost (~ 55 MSF) and of time
schedule



LI-JCb Conclusions

et
0 Wealth of LHCDb results with the first 1/fb collected in 2001

at “CERN’s flavour factory”

O Everything works (LHC, luminosity leveling, detector, trigger,
collaboration, data analysis, ..)

o World record results on B, J/Y¢ , B, pp, charm.... For some
topics we are moving from exploration to precision measurements.

O Many other analyses ongoing (not only in b and ¢ physics)

o Some new territory already explored but SM still
depressingly uncracked

o We’ll keep on looking....
0 More than double the statistics in 2012
0 Working hard to prepare for the future (LHCb Upgrade)



