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WHAT 1s LHCB?

COMPARED TO ATLAS AND CMS
m Only forward Acceptance (2 < 1 < 5)
® Levelled Luminosity (4 - 1032ﬁ)

m Higher Trigger Rate (Hardware ~ 950 kHz, Software
5kHz — 15 kHz)

= Particle ID (et, v, u*, KT, 7%, pp)

® Smaller track momentum J—p" ~ 0.4% and vertex resolution
(15m + 21Xy

COMPARED TO BABAR AND BELLE

® Access to many b hadrons (BE, B%, B, B, A%, X, =}, (2p)

m Focus on fully reconstructed states and on tracks rather than
neutrals

® | arger statistics

® pp initial state (— no missing energy or momentum)
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FLAVOUR PHYSICS PROGRAMME

m New Physics Searches in rare

. . B:0 decays
m Constrain CKM triangle from (s)
B*0 decays 0 BY — K*(892)utu~
0 4 from B — D K, B — DK, 0B st
B DKt 0 BY — K*(892)A
B~ — Drntw ... ® b decays in heavier hadrons
0 ¢s from BY —Ji) ¢ 0 A s Aptp
® Flavour Physics with Charm 0B —Jf ¢ .
O Daliz Plot Analysis of D* = gcj: —>-//7/)7;+:+Bc —J KT,
o CP violation in DOD4J ¢ v(@2S)r,

BY wJpprtant, BX
S DF, BE —Jipp

THIS IS THE ORIGINAL PROGRAMME FROM THE LETTER OF
INTEND
4 OoF 73
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BUT THERE IS MORE...

m Soft QCD
0 Charged Particle Multiplicity = Electroweak
O Forward Energy Flow 0 sin® Yy from Arg in Z —putp~
O Multi Parton Interactions O Aprg in top quarks (needs more
O Hadron Cross Sections D(is)’o, luminosity)
BE, Jhb... m Exotic Searches
O Hadron Properties X(3872), O Heavy Stable Charged Particles
Z~(4430) ... (using the RICH detectors)

O Diffractive Physics (CEP, Single

: ® Heavy lons
Diffractive ...)

O Particle Production in proton

= Hard QCD Lead collisions (J/p,Z...)
O Precision Measurements of O Studies in Fixed Target
W= /Z boson production collisions (proton Neon, proton
o W¥ +c Production (s PDF) Argon, Lead Neon)

O cT, bb, tt production
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OUTLINE

RARE B DECAYS
Angular Analysis of B® —K*ut i~
B —ptu
Probe Lepton Universality with B¥ —K+¢t¢~
Lepton Universality in B® —D**7— o
ExoTic HADRONS
X(3872) Meson
Z~(4430) Meson
Observation of two Pentaquark states P.(4380)" and P.(4450)*"
QCD StubDIES USING EW GAUGE BOSONS
Inclusive Z Production
Inclusive W* Boson Production at 7 TeV

Associated Production of a Z Boson with Jets
First Observation of Top Quark Production in LHCb
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SELECTED RARE B DECAYS

Used to test the Standard Model interactions in the decay and Lepton
Universality
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RARE BEAUTY DECAYS (B —K*utpu™)

b —s transitions are highly suppressed in the Standard Model

b‘ t L
W:\ \\ W+
N
-

New physics can enter at the same level
Change in Branching Fractions and Angular Observables
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DEFINITION OF THE ANGLES

THREE ANCLES DESCRIBE THE DECAY

g

¢ Angle between the p+ i~ and the

(0 i and  defnitions o the " decay K7~ plane in the BY rest frame
@ w. . 07 Angle between p and the flight
direction in the uTp~ rest frame

. Ok Angle between K in the K* rest

(b) ¢ definition for the B® decay
frame

.= Measurement in bins of the invariant
By .mass g° of the dimuon system
@ .. Using about 2300 candidates

(c) ¢ definition for the BY decay
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ANGULAR OBSERVABLES

1 d3(r +) 0 )
~ _ 1-F F 0
dr+7/d®? 436 327r ( L) sini +Fi cos” O
1
+ Z(l — F;)sin? O cos 260,

— Fy cos? Ok cos 20, + Sz sin® Oy sin? 0y cos 2¢
+ S45in 20 sin 20, cos ¢ + S5 sin 20k sin O, cos ¢

+ %AFB sin? Ok cos Oy + Sy sin 20 sin O cos ¢

+ Sgsin 20k sin 26, sin ¢ + So sin® O sin 0 sin 2¢

Fi,Ars,S; depend on the Wilson coefficients Cgl),Cg),Cﬂ)) as well as

hadronic Form Factors.
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ANGULAR OBSERVABLES

1 d3(r +) 0 )
~ _ 1-F F 0
dr+7/d®? 436 327r ( L) sini +Fi cos” O
1
+ Z(l — F;)sin? O cos 260,

— Fy cos? Ok cos 20, + Sz sin® Oy sin? 0y cos 2¢

+ S45in 20 sin 20, cos ¢ + S5 sin 20k sin O, cos ¢
3

+ ZAFB sin? Ok cos Oy + Sy sin 20 sin O cos ¢

+ Sgsin 20k sin 26, sin ¢ + So sin® O sin 0 sin 2¢

9 U1
hadronic Form Factors. DIFFERENT OBSERVABLES REDUCE FORM

FACTOR DEPENDENCE. e.g. Py = Sas/\/FL(1— Fp)
11 or 73 A. BURSCHE - LHCB REesuLts - MWPF 2015
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MASs DISTRIBUTION
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https://cds.cern.ch/record/2002772

MASss DISTRIBUTION 11
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B® — Jip K* Control Sample B® - K*utp~ Signal Sample

Peaking background is controlled by PID and vetos with changed
mass hypotheses. Dominant Ag —pK~ .

\/g — 7 TeV AND \/g — 8 TeV LHCB-CONF-2015-002 PRELIMINARY
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ANGULAR ANALYSIS - ONE ¢? BIN

theb ]
preliminary |

LHch
preliminary

Events/ 0.1

LHoo ]
+prehmi naq» q
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0. 05
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\/g =7 TeV AND \/g = 8 TeV LHCE-CONF-2015-002 prELIMINARY
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REsuLTs |
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Agreement with Standard Model apart from Ss
The zero crossing point of Agg is measured as 3.7f?:? GeV?

\/g — 7 TeV AND \/g - 8 TeV LHCB-CONF-2015-002 PRELIMINARY

LHCB REsuLTs - M
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REsuLTs 11
l—lm 1_' L L L
C LHCb ]
050 preliminary _
}+ l SM from DHMV 1
e :
05 —+ .
: +
TS T e s
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Deviation to the Standard Model of 3.70 (0.1 < g% < 8 GeV?)
\/g — 7 TeV AND \/g — 8 TeV LHCB-CONF-2015-002 PRELIMINARY

16 oF 73 A. BurscHE - LHCB Resurts - MWPF 2015



https://cds.cern.ch/record/2002772

OBSERVATION OF THE RARE DECAY B? —putp~

CMS and LHCb (LHC run 1)

&\ 16 I T T T I T T T I T T T I T T T I T —
N C ]
% = —¢— Data -
s ™ ol —— Signal and background
g o0 B ww ]
= 'r [ B> ]
g 10 ~ = - = Combinatorial background _7
g e AN e Semi-leptonic background ]
T gF — — Peaking background ]
S B ]
(@] Che ]
61— N ]
4 .. a\ 3
c /o .

| A — — L A — { 1
ol e i = B T T o T - MRS

5000 5200 5400 5600 5800

CMS AND LHCB ~arure 522 (2015) 68-72 M- MeV/c?]
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OBSERVATION OF THE RARE DECAY B? —putp~

Candidates / (40 MeV/c?)

CMS AND LHCB ~aruse 522 (2015) 68-72
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BRANCHING FRACTION RATIO BT —K*eTe™ TO
B* —K*utu~

? [GevcY]

g
5200

5200 5400 5600 5400 5600

m(K*utu") [MeVicg m(K*e*e’) [MeV/c?]

m Measure the Branching fractions and compare

m Electrons loose energy due to Bremsstrahlung which is

incompletely recovered. — reduced Resolution
\/5 =7 TeV AND \/g = 8 TeV puvs. Rev. Lerr. 113 (2014) 151601
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BRANCHING FRACTION RATIO BT —K*eTe™ TO
B* —K*utu~

L300 1%

S LHCb s

s =

3200 b J <

Z g

= g

8100 i1

: g

é 1 O

q5200 5400 5600 5000 5200 5400 5600
m(K*u*) [MeV/c? mK*e*e’) [MeV/c?]

m Measure the Branching fractions and compare

]

Electrons loose energy due to Bremsstrahlung which is
incompletely recovered. — reduced Resolution
\/5 =7 TeV AND \/g = 8 TeV puvs. Rev. Lerr. 113 (2014) 151601
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RESuULT

1226 + 41 signal decays in the ™~ channel (= 200 for eTe™)
Rk(1 < q> < 6GeV) = 0.74515-9%9(stat) & 0.036(sys)

-o-LHCb -m-BaBar -a—Belle

n:x 2_' A B A B | LR B
¥ LHCb
150 {
s | |
1: | Y
05 ‘ .
% 5 0 1B 2
o? [GeV?/c4]
\/5 =7 TeV AND \/5 = 8 TeV puvs. Rev. Lerr. 113 (2014) 151601 2.60
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ANALYSIS STRATEGY

Similar Measurement as before now with Rp«+ =

B(D*7t~ D)
B(D*+uv) -
Select D** — D%t with D® Kot

Not fully reconstructed decay (neutrinos)

Compare B® —D** (77 —u U, )U, to the direct decay to a
muon B® —D* 1D,

Pzgo = (Pp~+ + Pp-)z

Transverse p Components from p, and flight direction

pe from || || and PDG mass.
miiss = (Pgo = Po++ + P )?

3D fit in m? E; binned in g of the lepton system

miss’

\/é =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 111803
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https://cds.cern.ch/record/2029609

Q2 40 < o < 2.85 Gev /c s 7040 < o < 2.85 Gev /et
< : 2
& 15 3
o =
! §
7} ]
3 g
=] ]
S E —— Data
© % B B - DY
E B B -~ D*Hy(~ bX)X
2 0 2 4 [ 8 0 1000 1500 2000, 2500 |mmm B - D**v
% 2] & %
m2ie (GeVelc ~ E.* (MeV) T
% 3 285 < ¢’ < 6.10 Gev?/c* LHCbT 3 285<¢?<610GevV/c® _ LHCb Combinatorial
~> 1 = Misidentified p
3 4 ')
& Jqc e
el 4 ~ PRD 82 (2010) 072005
e 18 e -
e 18 e
g 1 J = e
= 1% i
5 ] o Gaie
§ - W ——
°2 1g) e
3 e - PR 13 2005 11108
N S NP () 20007 0
m2,(GevZ/c* E,* (MeV/ 01 GE 0z 0 0T 0%

m At low g? the 7 channel is not open

= Rp.:0.336 - 0.027(stat) - 0.030(syst)
\/g =7 TeV AND \/g =8 TeV puvs. Rev. Ls
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ExoTic HADRONS

What kind of bound states exist in in QCD?
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THE X(3872) MESON

® In B »K*Jhpmtn~ decays Belle
discovered a

= narrow resonance close to D°D° mass
in the JAb T~ mass

= Charmonium?, D°D° 2, strong
tetraquark?

m JPC remained undetermined

m CDF Narrowed it down to either
JPC =1+t or 2=+

BELLE 2003 ,PRL 91, 262001
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ANALYSIS
R A
m Select BT — KiX(3872) candidates —F

with X(3872) — p* e M
z 7 :

® 5 dimensional fit to helicity angles —F Cosany
(HX,GPO,GJ/¢) and A(ﬁXvPO’ A¢X,J/¢ §§§:+ A+, + AM

B [mprove mass resolution with mass — o
constraint on B* and by requiring the ] Pl
momentum to point to a PV in full + T
kinematic fit. H i oaghas :L-:.*;&J:.J

o5 g T5 ooen, 05 g gy

X(3872) is a JP¢ = 17+ state. All other states are excluded.

\/é =7 TeV AND \ﬁ = 8 TeV pr D o2, 011102 (2015)
24 OF 73 A. BURSCHE - LHCB REesurts - MWPF 2015
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ANALYSIS

m Select BT — K*X(3872) candidates 5 %WW
with X(3872) — p®Jf I

m 5 dimensional fit to helicity angles I Lo
(0x,0,0,0,5) and DAdx 0, Ddx ;*ﬁd:fi"i s

® Improve mass resolution with mass e b _1 .
constraint on B* and by requiring the R
momentum to point to a PV in full £ mm
kinematic fit. . ° i e, ]

2 0 2
cosé Agplrad]

X(3872) is a JP¢ = 17+ state. All other states are excluded.

\/é =7 TeV AND \/5 = 8 TeV pr D o2, 011102 (2015)
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THE Z~(4430) MESON

® In B KT k)T decays Belle
discovered a

® brought resonance in the J/i ™ mass.
® minimal quark content ccdu
= JP =17 favoured

m BaBar: Compatible with K* reflections

BELLE 2008: PRL100 (2008)142001
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LHCB MEASUREMENT

BY —y(2S)K 3
Background Substraction ;S
with sPlot

4D amplitude fit in

m%(_ﬂ+’ m12/1(25),7r—’
cos Oy (2s) and ¢)

Include all known K*
resonances in the
1t:Kk*(800), K*(1430), K*(892),
K*(1410), K*(1680), K*,(1430),
K*3(1780)

\/é =7 TeV AND \/5 = 8 TeV puvs. Rev. Lerr. 112 (2014) 222002
A. BUurRsCHE - LHCB REesurLts - MWPF 2015
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https://cds.cern.ch/record/1693968

Zy
full model with Z~

full model without Z;

K*(892), S—wave,
K*(1410), ,
K*(1430) and
combinatorial
background

\/g == 7 TeV AND \/g - 8 TeV PHys. REv. LETT. 112 (2014) 222002
A. BUuRsCHE - LHCB REesurLts - MWPF 2015
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https://cds.cern.ch/record/1693968

FiT

2 S10k
full model with Z; S ]
full model without Z;~ S10° e E
, S—wave, %3 10;_ ﬂﬂﬂﬂﬂﬂﬂ _
K*(1410), , STF g, 13

K*(1430) and & 1k

combinatorial E
05 1 15 2 25
background m2.. . [GeV?]

We confirm the Z(4430)~ with J¢ = 1T at 18.70.

Other configurations are ruled out with at least 9.7¢,

S-wave decays only (D wave < 4%)

\/g == 7 TeV AND \/g - 8 TeV PHys. REv. LETT. 112 (2014) 222002

27 OF 73 A. BurRsCcHE - LHCB Resurts - MWPF 2015



https://cds.cern.ch/record/1693968

RESONANT BEHAVIOUR

N<Eto_2:_ LHCb

-0.2

'0.6-"'|"'|"'i"'|'
-0.6 -0.4 -0.2 0 0.2

ReA” .
Decay amplitude compared to Breit Wigner Farbltrary units)
\/5 =7 TeV AND \/5 = 8 TeV puvs. Rev. Lerr. 112 (2014) 222002
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A = I pK~

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
29 OF 73 A. BurscHE - LHCB Resurts - MWPEF
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A = I pK~

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
29 OF 73 A. BurscHE - LHCB Resurts - MWPEF



http://cds.cern.ch/record/2033887/

DaLiz PLoT

?5' 26| . = A9 Selection using
'_C'Lz4; _ BDTG
> ] . _
€ 2 ] ® Structure in the pK
i ] mass
20f- :
- m Structure in the pJ/i)
18- ] mass
161, ‘ . ‘ - = No structure in the
2 3 4 5 6 _
m2, [GeV] K~ J/ip mass

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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http://cds.cern.ch/record/2033887/

WHAT 1S THAT?

There is a bump in the J/i p invariant mass in /12 —J/ pK~ decays.

s F
g0k ® LHCb
® What is it? S F
o . & 600F
m |f it is a resonance it is a pentaquark & E
because it decays strongly to 400f
(uud)(cc).
B |s is just a reflection of a A*7? 3
. . . 4.0 4‘.2 4‘.4 4‘,6 4‘.8 5‘.0
m Full amplitude analysis to answer this. M5 1GEV]
(@ (b)
m Using 26k A9 —J/y K~ p decays. N }""’ *@ .

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001

31 oF 73
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BACKGROUND ONLY HYPOTHESIS

Amplitude Analysis using 16 A* resonances with experimental
evidence leading to a model with 146 free parameters “extended

"
model”.
%2200 —=— data %800
2,00 H —e— totalfit 2
background
Qaof ¢ @ LHCD <o A(1405) 370
~ ‘ - =
> O A1520) %
g 1600 4 A(1600) g 600)
I NA(1670)
; 4
i <oe N(1690) (1 500

- A(1800)
- A(1810) 400
<oteee N(1820)
v A(1830)
“-ae- A(1890)
- A(2100)
- A(2110) 200
- A(2350)
-+ A(2385) 100)

| T8 2 22 7 22 44 26 48

24 26 5
my, [GeV] My, [GeV]

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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BesT FiT RESULT - ONLY ONE P

* —a— data
—e— total fit
background
-y
- A(1405)
3-- A(1520)
A(1600)
A(1670)
ceox-- N(1690)
- A(1800)
- A(1810)
<t A(1820)
A(1830) 300
A(1890)
A(2100)
- A(2110) 200)
koo A(2350)
---4--- N(2385)

e
@
S
S

Events/(15 MeV)
@~
8 8

@
=}
S

IS
S
S

22

o

Mey [GeV] ' M, 4 [GEV]
® Some of the A* states or poor experimental data

® Reduced model without unlikely A* and high Lﬁ; amplitudes (64 p.)
b
® One P state with different J” still not Ok (Aln L = 14.7)

\/5 =7 TeV AND \/5 =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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http://cds.cern.ch/record/2033887/

BesT FiT RESULT - BOTH P/

P, -
% 2200 ! —=&— data % 800}
= 2000 N nd =
LHCb —y e L0 700)
9 1600 s @ s P(4450) =
=1 M P,(4380) 1
2 X - /\(1405) < 600|
g 1600 & 3.+ A(1520) g
> 1400) A(1600) @
A(1670) (1 500
1200 A(1690)

- A(1800)
A(1810)
-+ A(1820)

IS
S
S

800 A\(1830) 300
600

200
400
200 100

2.2

2.4 2.6 » ¥
my,, [GeV] My, [GeV]

® Acceptable fit quality only with two P states with 5/2+ and
3/27 (AInL =18.7)

®m The extended model is always used for cross checks and never
gives a acceptable description without the two P states.
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IS IT AN ARTEFACT OF THE RECONSTRUCTION?

Ng 26 (a) efficiency 1.2 NE 26 (b) background 25
o LHCb L LHCb
2 24 S 24
£ - 15 F
L s L
22 221~ 15
[ o6 L
20 o 20 o 1
r 0.4 F
18- 18~ 0.5
L 0.2 r
16 1 1 1 1 o 16 1 1 1 1 o

~F
w)
N

6 2 [} 2
my,2 [GeV?] my,2 [GeV?]

Relative efficiency and background density are smooth. This doesn’t
generate fake peaks.

\/§ =7 TeV AND \/g = 8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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CoMPLEX DECAY AMPLITUDES

= (b)

R, B ) i NN |

3 P,(4380) \
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'-8.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 -0.1 -005 0 005 0.1 0.15 02 025 03 035

Re A% Re A%
The decay amplitudes are well described by a Breit Wigner
\/5 =7 TeV AND \/g =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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RESuULT

m LHCb observed two states strongly decaying to J/i) p with quark
content (uudcc).

mass width
P.(4380)" 4380 +8 +29 MeV 205+ 18+86MeV 3/2°
P.(4450)" 44498+ 1.7+ 25MeV 39+ 5+ 19MeV 5/2+

\/§ =7 TeV AND \/g =8 TeV puvs. Rev. Lerr. 115 (2015) 072001
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QCD STUDIES WITH ELECTROWEAK (GAUGE
Bosons

Use W= and Z to probe quarks and gluons in the proton and QCD
calculations.
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LHCb SENSITIVITY TO PARTON DISTRIBUTION
FuNcTIONS

® unique kinematic acceptance 10° F[aasious| 1yl <25

M [ Vs=7Tev
" QP =M? x = et

B combination of KNOWN high-x £
. o -
with UNEXPLORED low-x 5 "
partons
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LHCb SENSITIVITY TO PARTON DISTRIBUTION

FuNcTIONS

unique kinematic acceptance

Q?>=M? x10= %eiy
combination of KNOWN high-x
with UNEXPLORED low-x
partons

For Z0, w*

0 Q2 ~ 10000 GeV?

O x, down to 1.7 - 10~%.

40 or 73 A. BURSCHE -

LHCb 2<y<5
o ] <20

[ Vs=7TeV

Q@2 (GeV?)
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INCLUSIVE Z PRODUCTION AT RUN [
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lumi

G 4000f T 3
% 3500% LHCb, 8=7TeV ]
O E ]
O 3000 3
S E 3
-~ 2500: 3
% 2000f 3
o F 3
T 1500 4
& E ]
o 1000 E
500§ -
% 20
e [GEV/C]
7TeV
UZ—>W_760:t9t3i2y§i lea(?n + 1.3pb
energy
8 TeV
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energy

\/ =7 TeV AND 8 TeV JHEP 08 (2015) 039 AND LHCB-PAPER-2015-049 (PRELIMINARY)
41 or 73
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INCLUSIVE Z PRODUCTION AT RUN [
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Z: PROBE PDFS x5 = ’”\e;y
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Predictions: FEWZ at NNLO v. 1.1 axo F. Permsiio, PRD 86 (2012) 094034
s = 7 TeV suep o8 (2015) 039
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Z: COMPARISON TO ATLAS
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Z: PROBE PQCD WITH Z PT o

REsBos G. A. Ladinsky and C.P. Yuan PRD 50

(1994) 4239
P. Nason, JHEP 11 (2004) 040
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= Veto second muon in the event g ‘;WW
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. . 0
" ThIS IeadS to a purlty Of 77%’ B wE 5 70 from PyTHIA, normalised to W cross
- P . f f section.
Ur|ty rom fit to pT»,U‘i B 7 _, 7 7 from PyTHiA, normalised to Z cross section.

8 TeV result soon to be pub|IShed B 7 "y~ from PYTHIA corrected to REsBOS and

normalised to Z.

u Ki, ot decay in flight shape from data and
\/é — 7 Tev JHEP 12 (2014) 079 normalisation from fit.
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DIFFERENTIAL CROSS SECTION RATIO
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COMPARISON TO ATLAS
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Z PLUS JETS AT /s =7 TeV

® Measurements only in Z — up
final state

Anti—kt jets with R=0.5 from
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Z pLUS D

m 7 from PV with zero lifetime

m D from secondary vertex but
T* associated to the same PV as the Z

K- )
T SVZ Overview
G 2 ® 7 —utp~ as before

2 prp<12GeV
m DO Kt (3.89 + 0.05%)
Dt -K—ngtnt (9.22 +£0.21%)
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Z pLUS D

m 7 from PV with zero lifetime

m D from secondary vertex but
associated to the same PV as the Z

Overview
® 7 —utp~ as before
2 prp<12GeV

m DO Kot (3.89 + 0.05%)
m DT K ntpt (9.22 £0.21%)
BACKGROUND

m Feed Down, Pile Up, Combinatorial

m Purity 95%
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RESULTS
T | T
G100 T W oy poBrye, =250+ 112+ 0.22pb
. " 070t Bzt = 0.44+0.23+0.03pb
m Comparison to SPS and DPS predictions
103%+ % ®m The measured cross-section is expected to be
ﬁ%ﬂi E composed of both DPS and SPS
| LHCb has measured associated production of D° with
10? f@ﬁ DO D=, J/p and T with more conclusive results on
DPS.
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Z PLUS b-JETS

Overview

" 7 —utp” as before
B jets as before

o ™ again with two pt thresholds

jet ™ add b-tag from secondary vertex to
leading jet

Vs =7 TeV
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Z PLUS b-JETS

Overview
" 7 —utp” as before
B jets as before
o ™ again with two pt thresholds

jet ™ add b-tag from secondary vertex to
leading jet

BACKGROUND
m |ight jets

B charm jets
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60 oF 73

A. BUurRsCHE - LHCB REesurLts - MWPF 2015



TAGGING b-JETS

® Form secondary vertices from two, three, and four particles

m | ook at corrected mass

Mcorr = 1/ m? + Pi +pL

where p, it measured with respect to the geometrical flight direction
of the secondary vertex.
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PURITY DETERMINATION

Use templates from simulation for light, beauty and charm jets.
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Jets thresholds of pr > 10 GeV and 20 GeV.
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Z + b-JET CROSS SECTION

o MCFM MSTWOS massiveLO [ Data
LHCb, {s=7TeV 5 MCFM MSTW08 masslessLO stat
= MCFM MSTW08 massessNLO [ Datay,

PRI TR T [N TR SN SN T AN TN T T T B S S S T A MU YR TN S BN SN S ST T [N T

50 100 150 200 250 300
0z.(P, > 20 GeV) [fb]

\/é — 7 TeV J. HicH ENERGY PHYS. 01 (2015) 064
63 or 73 A. BURSCHE - LHCB REesurts - MWPF 2015



http://cds.cern.ch/record/1957143

W* AND CHARMING BEAUTY

§ ot 12, :
5 Ho
3 o mc i
w- Il udsg -
c-jet 200+ ' I—
0-1 -0.5 0 05 1
BDT(bcjudsg)
m Sensitive to strange PDF E
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W= PURITY
m These are W* + jets events so muon p7 distribution is not known
® |nstead of pr, fit obtain purity from muon isolation
® Use the muon in anti-k7 and select the jet containing the muon j,
PT,u
® Study o
® Obtain templates from Z —u™p~ +jets
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Vs =17TeV /s =8TeV Vs =T7TeV /s =8 TeV
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stat syst theory

\/g =7 TeV AND \/g = 8 TeV  Puvs. Rev. Lerr. 115 (2015) 112001
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CONCLUSION

m Some tantalising Hints in Rare Decays

m BY -t~ in agreement with Standard Model

Tetraquark and Pentaquark States observed and measured

Excellent Precision Measurement on Gauge Boson Production
First Signal of Top Quarks
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CONCLUSION

m Some tantalising Hints in Rare Decays

m BY -t~ in agreement with Standard Model

Tetraquark and Pentaquark States observed and measured

Excellent Precision Measurement on Gauge Boson Production
First Signal of Top Quarks

LHCB HAS BECOME A FORWARD MULTI PURPOSE DETECTOR/!
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* Full angular analysis performed
* Not self-tagging - complementarity to K*op+p-
- Measure also differential branching fraction

9

8 'LHCb SM predictions from

arXiv:1411.3161,
arXiv:1503.05534
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3.30 tension with SM prediction — consistent picture in b - slI*I” branching fractions
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SM predictions from
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SM predictions from JHEP 06 (2015) 115
arXiv:1212.4827
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Similar tension with SM prediction for branching fraction at low g?
Statistics still low for angular analysis
Baryonic system provides sensitivity to additional observables
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