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Flavour & New Ph

How to search for New Physics in Heavy Flavour?
Sensitive fo NP appearing as virtual particles in loop processes

Observable deviations from SM expectations in
CP violation ) and rare decays

CKM mechanism
Based on only 4 parameters - makes many precise SM predictions

Only source of in Standard Model

Vud Vus Vub
V= Vead Ves Ve —
Via Vis Vi

Flavour changing neutral currents (FCNC) suppressed in SM

When you have eliminated the impossible, whatever remains, however
improbable, must be the truth? Sherlock Holmes
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Flavour transitions
probe high mass scales

parameterised in terms
of operators, couplings
and mass scales

NP flavour problem
If couplings c; ~1
NP should have been seen

particles have large
masses >> 1 TeV or

New physics ruled out
from A~0 to somewhere
in the blue boxes

(s —d) (b—d) (b — s) (c — u)
Ampg, ex  Amg, sin28  Amg, AYp D-D

See: Isidori, Nir

couplings are small ¢; << 1 & same as in SM & Perez arXiv:1002.0900;
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ek LHCb Experiment

LHC is a flavour factory

beauty quark cross section oo
g,, ~ 300 (500) ub at /s =7 (13) TeV,

Very large charm cross section o, ~ 20 o,

dedicated experiment for heavy flavour physics region | 7| < 2.5

e g LHCb region
* S—— Ly 2< 7 <5

1 10 — 250 mrad

7

|

|

1
]

JINST 3 (2008) SO8005
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Int. J. Mod. Phys. A 30, 1530022 (2015)

2.1 fbt
Very successful Run-1

1.1 fb'

LHCb operated at luminosities up to
0.038 fb'! L = 4x1032 cm=2 s
2x design luminosity

Average # of visible interactions/
crossing g = 1.4 (nominal 0.4)

Integrated JLdt ~ 3 fb-! on tape
A 91% data taking efficiency
10 ~ 5 kHz of physics data to tape

Integrated Luminosity (1/fb)
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Luminosity levelling

“Separation plane”

o

Beam 2

Instantanegus Luminosity (ub™.s)

5 ~1 — 3 beam sigma
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Decay highly suppressed in SM

CKM and helicity suppressed
Predicted SM branching ratio
BR (B, — p+u-) = (3.66 + 0.23) x 10-°
BR (B® — p+p-) = (1.06 + 0.09) x 10-10

MSSM models

Rate o« tan®p/M

FPCapri2016, 11/06/2016

C. Bobeth et al., PRL 112, 101801 (2014)

Very sensitive to new physics
Strongly enhanced in

Franz Muheim
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. LHCb: Phys. Rev. Lett. 111 (2013) 101805
LHCb and CMS joint paper CMS: Phys. Rev. Lett. 111 (2013) 101804

Observe B, — Wi at 6.20 significance Nature (2015) 522, 68—72

BR(B, — py) = (2.8 +0.7-0.6) x 10°°

30 evidence for B, — pyr

BR(B, — p'p) = (3.9 +1.6-1.4) x 10710
Implications

NP SUSY models with

MS and LHCb (LHC run 1)
T I T T T I T T T

—
[}

L

—¢— Data

—— Signal and background

B

8%

=+ = Combinatorial background
Semi-leptonic background

= = Peaking background

bl

L Tl
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e —
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Candidates / (40 MeV/c?)
I|III|III|II,'I TTTITTT III|III|O

«©

large tan p ruled out
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[

CMS and LHCb (LHC run |)
9 s , ,

0.4 0.6 0.8
B(BE - u* p) [107)] B(B° - u* u) [10°]
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NG  Observation of B, —

ATLAS measurement
BR(B, — p'p) = (0.9 +1.1-0.8) x 10°°
BR(B,— p'u)<4.2 x 1019 @ 95% C.L.
Consistent with SM prediction at 20

FPCapri2016, 11/06/2016

Dimuon mass [MeV]
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KiGK Angular Analysis in BO —
LHCh-PAPER-2015-051, arXiv: 1512.0444
BO — K*Op*y- JHEP 02 (2016) 104
Clean SM predictions
sensitive to NP
Clean sighature
Low branching ratio O(10-°)

B(B?— K*(892)° ™) = (1.036 70015 £ 0.012 4 0.007 £ 0.070) x 107°,

" LHCb
B" - K 'uwu

~
N
S

=

2398 + 57 events

5400 5600
m(K*'z ) [MeV/ie?)
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el Anqular Analysis in B —

Many angular observables

P— VV' decay described by

g2 = m2 (uy) invariant mass
and 3 helicity angles

Forward Backward Asymmetry Agg
K*? longitudinal polarisation F,

Asymmetries S;

LHCb

I SM from ABSZ :

Differential decay rate

1
_ 7 121 _ s 2 2 21— s 2
1F/ lq2 ]Coseg lcosfrd ]q2 —32 4(1 FL)sm 9K+FLCOS '9K+4(1 FL)sm 9}{00520@

— F, cos? Ok cos 20, + S5 sin? Ok sin? 6 cos 2¢
~+ Sy sin 20k sin 260, cos ¢ + S sin 20 sin 6, cos ¢
+ Sg sin? Ok cos B, + Sy sin 20k sin O, sin ¢

1 d‘r 9 [3

+ Sg sin 20 sin 20, sin ¢ + Sy sin? O sin? §, sin 2¢ ] ,

LHCb measurements
of all independent observables

LHCb

B SM from ABSZ ]

Shown are Agp and F|
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el Anqular Analysis in B —

New observable basis

LHCb
SM from DHMV

form factor independent

Descotes et al, arXiv:1307.5683

lIllIIIIIIII

LHCb anomaly —+

Tension in P5' first seen
in1 fb! remains in 3 fb!

Fit to all observables
has 3.5 o discrepancy
to SM

I""IIIIII '+"I""I"_

2.80, 3.00from SM |

A I B
10 15

[GeV¥c]

1
oII

New Physics contribution to Wilson coeff. Cq or QCD?
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Lepton universality in SM
Couplings identical for b — s I*I-
Expect unity for branching ratio R(K)

BBt = Ktptu)
K7 BBt = Ktete-

=14+ 01077

LHCb measusrement
R(K) =0.745 + 0.090 + 0.036
2.60 deviation e LHCb g BaBar , Belle

Interpretation
Statistical fluctuation or
new physics in b — su*u-?
Related to 2.40 excess
in H— tu at CMS ?
Future plans

Measure R(K*), R(9), R(A) T
q* [GeV? 4]

IIIIIIIII

IIIIIIIII
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D . )
LHCb-PAPER-2015-025, arXiv:1506.08614
Challenge at hadron collider Fie, (e (Leis L (Uls) Leits

No mass peak and large background

935 < q* < 12.60 GeV?/ Il B — D"H (= VX)X

I B - D**lv

Il B - Duv
Combinatorial
Misidentified p

Use t— wv,v, final state

Missing mass squared and
muon energy in B rest frame

Candidates / (0.3 GeV*/c*)

Use superb LHCb tracking
to remove backgrounds

Same final state for
signal and normalisation

B(BY — D**r~7,)
RD* — ——
B(BY — D*tp~7,)

LHCb Measurement
R(D*) = 0.336 + 0.027 + 0.030

2.1 o deviation from SM 500 1000 1500 2000
E,* (MeV)

[\
N
]
-
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LHCD

B%* — D**t~v, D%v

BaBar
Excess by Belle and Babar R(D) = 0.440 + 0.058 = 0.042

Cannot be explained by R(D") =0.332 + 0.024 = 0.018

Higgs doublet model Belle

R(D) = 0.375 + 0.064 + 0.026
Current Status R(D') = 0.293 + 0.038 + 0.015

Measurement by LHCb in 2015 LHCb
UpdaTe by Belle in 2016 R(D") = 0.336 + 0.027 + 0.030

R(D*) = 0.302 + 0.030 + 0.011

Average is Belle 2016

400 devia’rion fr‘om SM 0.5 - — BaBar, PRL109.1018022012) '2 ' ]

- = Belle, PRD92,072014(2015) Ay =10 4

045 LHCb, PRL115,111803(2015) -]

= == Belle, arXiv:1603.06711 E

- = HFAG Average, P(¥%) = 67% .

0.4  — sM prediction =

Plans " :

: , 035= 3

LHCb is also measuring - -

- - 03= ]

hadronic tau final states - ;

_ 0.25F = HFAG ~

Belle-II - o omssioans) :
O. 1 ! ! | 1 1 1 1 | 1 1 1 1 | 1 1 1 !

%.2 0.3 04 0.5 0.6
R(D)
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CP Violation
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3 fbrl, LHCh-PAPER-2014-059 PRL 114, 041801 (2015)
Weak phase ¢,

1 fbl, PRD 87, 112010 (2013)

Small SM pr'edic‘rion (I)S =-36.3 +1.3 mrad 0.37 fb, PRL 108, 101803 (2012)

Sensitive to NP in B, mixing and decay
LHCb golden mode B.—J/y¢(KK)

fit to B, mass, decay time and angular distributions

<
=

¢, = -0.058 + 0.049 + 0.006 rad

| 1| = 0.964 + 0.019 £ 0.007

A T . = 0.0805 £ 0.0091 + 0.0015 ps'* :
[ = 0.6603 + 0.0027 + 0.0033 pst R TR

Decay time (modulo 2t/Am,) [ps]

S S
T

S 3

B/B-tag asymmetry

Candidates / (0.2 ps)

Additional
LHCb modes
B.>J/ywtm
B.>D/ D,

Candidates / 0.05
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CDF Run i Prel.2.8fb~'+ D@ 2.8

Weak phase ¢, status % oL

Early measurements by CDF & DO o swict
(in 2009) 2.30 discrepancy with SM ' | @
ATLAS, CMS and LHCb results in 2015 '

LHCb dominates world average
¢, = -0.034 £ 0.033 rad

AT, = 0.082 + 0.006 ps
No New Physics >> SM

CMS

197t 68% CL contours

LHCb Plans o ‘A (Alog £ = 1.15)
Quadruple data set in run 2 | f
LHCb upgrade after 2020

—04 —02
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. . Lenz, Nierste, arXiv:1205.1444
Semileptonic asymmetry

measures CPV in mixing J I dy =(-4.1£0.6) 107
very small in SM ) M a’), =(+19=0.3)-107

C
ay at LHCb New: LHCb-PAPER-2016-013, arXiv:1605.09768

Time-integrated asymmetry
in B, —»D, v, LHCb-PAPER-2014-053, PRL 114 (2015) 041601

A2 L") -T(Dw)

T u)+T(D )
a ( agl) [ exp(=T ) cos(Am,t)e(t)dr
P

ag
2 '\ 72 Texp(-T.r)cos(AT, 12 1)e(rydr

as, = (0.39+0.26+0.20)%

LHCb D™uvX
DO D®uvX
BaBar D°lv
BaBar Il

Belle I -

Time-dependent asymmetry
in By —>Drprv
Gdsl = (—002 +0.19 + 0.30)0/0

"YY'YYY'II’VI']YYYI"I'Y'
-llllllllllllllllllllllllr

~3.0 o deviation by DO
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SR B. Lifetimes

Measurements of B, lifetimes consistent with SM prediction
B.—J/yd(KK) most precise

Flavour specific decays, B, —D, p*v X
Pure CP even or CP odd eigenstates

Contours of A(logL) = 0.5

HEAG RS 7(BY— D{D,) HEAG
g I [Spring 2076 | |

)
$
F
7! 7(BY — J/yrm, T/ fo)]

U
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LHCD . >
2 B. Lifetimes
B,—~J/yn(—-yYy)

CP odd eigenstate

Measure lifetime T of By jjnt

LHC®

preliminary

ps)

B, > D! D;

B, —>J/yn

Avg. (CP-even) 1.42 £0.02

Candidates/ (0.202

HFAG 2015 (B, = J/y ¢)

B, 5 K'K

|

o
L,

Teff = 1.479 £ 0.034 (stat) = 0.011 (syst) ps.

In agreement with SM precition
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Implications
Use parameterisation M, = M,5M A,
b, and ¢, (aka ¢, or sin2p) limit NP (to ~30% at 3o for ¢,)
Need to control hadronic uncertainties (penguin pollutions)
More data required

- " T
| excludad area has CL > 0.68

AT &S AT (KK) & Uyf) T

SM point
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U‘Tfit

ummeris

\

l—""

T
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LHC is a A, factory
B%:BO:A, ~ 4:1:2 in LHCb acceptance
Large A, production cross section
LHCb method

Ap,— puv is cleaner than B® — muv

Challenge ist to separate
b — uuv fromb — cuv
with isolation BDT

Corrected mass

IIIIIIIIIIIIIIIIIIIIIIIIIII,{'I J,'lllllllll_

Minimum mass consistent compatible
with B-hadron flight direction

Mcorr — m? + pﬁ_ + P

e e - ————

¥
¢
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Nature Physics 10 (2015) 1038
LHCb measurement . : ;
Meinel, Wingate, arXiv:1503.01421]

Measure ratio |V, |2 7|V |2
Many systematic uncertainties cancel
Need Lattice calculation for form factor

:

T T T T I T
[ Combinatorial
[ Mis-identified

:

C

Ay

s s

=

~~
o™

J
>
S
o
Vo)
—
~
wn
D]
N
5]
o
o —
o
a
(5]
@)

Candidates / (40 MeV/c?)

:

4%()0 4500 5000 5500

Corrected pu mass [MeV/c?] Corrected pK 7*1” mass [MeV/c?]

Vo] = (3.27 £ 0.15(stat) + 0.17(syst) & 0.06(theory)) x 1073
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|Vub| discrepancy remains

Exclusive LHCb measurement is 3.50 from inclusive
Systematic uncertainty limited by lattice calculation

Ay— puv has different sensitivities on right handed currents
than B — mtuv

Right-handed currents disfavoured by combination

T T T I T T T
B inclusive 7
Inclusive B Bomlv N
[ A,—puv (LHCb)
[% ] combined

PDG 2014

Exclusive RBC/UKQCD

(Be I ) arXiv:1501.05373
RV ——— FNAL/MILC
arXiv:1503.07839

LHCb Detmold, Lehner, Meinel

/\“ - ) —_————— (using Rl?(“l'_KQ('l) config)
(Ap—puv) arXiv:1503.01421

PR [N ST TN TR T Y NN NN SO S AN SR SN S SN SN SR SN S
0.003 0.0035 0.004 0.0045 0.005
IV, |
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LHCb result
First observation of D°-D° Mixing
in D° — K w*m «t* decays
Ry3™ = (5.67 + 0.12) x 102
RyTy' = (0.3 +1.8) x 103
useful input for y measurement

* WS candidates

Fit

- Background

Candidates / (0.1 MeV/c?)

150 155

Am [MeV/c?)

D% - K ntat

* RS candidates

Fit

. Background

« Data
Unconstrained fit
No-mixing fit

Candidates / (0.1 MeV/c?)

150 155

Am [MeV/c?)
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New: LHCb-PAPER _2015-055, PRL 116 (2016) 191601
In charm system- whether in mixing,
decay or mixing-decay interference
AA = (-0.10 +0.08 (stat.) +0.03 (syst.))% prompt D*
AAg = (0.14 +0.16 (stat.) +0.08 (syst.))% B — DX
Both full run-1 data 3fb-!

0.015

HFAG-charm [T

Winter 16 Belle

0 010 | CDF KK+77
' LHCb SL KK+7r
LHCb prompt KK

LHCb prompt 77
0.005 | PromEsEs

HFAG average

Agreement with

no CP violation at
CL = 6.5x102

> 0.000

LHCb prompt

-0.010 —0.005 0.000 0.005
ind
Acp
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Pentaquarks

LHCb-PAPER-2015-029, arXiv:1507.03414
Pen*l-aquarnks Phys. Rev. Lett. 115 (2015) 072001

First suggested by Gell-Mann in seminal quark paper (1964)
QCD allows existence of Pentaquarks

Status 2014
~2004 several previous “observations” of pentaquark states
All claims refuted
Could Pentaquark be produced
in B-baryon decays?

Ay— J/YK-p decay

Large signal found

Used to measure A, lifetime

Dalitz plot shows unusual feature .

L , .
m? (K'p) mZ, [GeV?]
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rHCh Pentaquarks

LHCb-PAPER-2015-029, arXiv:1507.03414
Two Pentaquark states observed in A [ [lath 1s (2015) 7200
A,— J/yK-p decay

6-dim Fit to sum of amplitudes = R

== P (4450)
== P,(4300)
Fit to A* — K-p resonances only NI Dt

A(1600)

A(1670)

not sufficient to describe data X

A(1810)
A(1820)

Two P, states (c cbar u u d) required it

A(2100)
A(2110)

|  P.(4380)" P.(4450)T
77 N
Mass [ MeV/c? | 4380 + 8 +29  4449.8 £ 1.7+ 2.5

Width [MeV/c2 ] 205 + 18 £ 86 394+ 5419
Significance 90 120

P (4450)

P,(4380)

o LHEb R Breit-Wigner resonances

IAERERRTRY ARERE FTRTE INRRARRTRA N
.2 -015 -0.1 -0.06 0 0.06 0.1 0.15 -0.1 -L.oo

"0.35 0.3 0.25 -0 . o veon
Re A% Re A%
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rHCh Pentaquarks

New: LHCb-PAPER-2016-009, arXiv:1604.05708
Two Pentaquark states observed Submitted to PRL

in A,— J/yK-p decay
confirmed by model independent analysis

)
]
3

Yield / (20 MeV)
%
=3
S

[N
(=3
(=}

ho assumption on A* resonances
A* not sufficient to describe data

5
iy, , [GeV]

Search for Pentaquark states — sz(J/.zp D)

in A,— J/yptt- decays

Observation of same two P, states would confirm exotic nature
Two decay diagrams will interfere
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Lach Pentaquarks

New: LHCb-PAPER-2016-015,
Evidence for Pentaquark states To be submitted to PRL

in A,— J/yptt- decays

Fit o N* — 1T°p resonances only not sufficient to describe data
Model with two P_ states gives good fit
3.30 evidence for both P, states

Possible Z_.(4200) tetraquark — Combined evidence for two P, states
and Zc(4200) reduces to 3.10 — more data required

N —+ Data S oy T Traen 105 40F " hen
§1027LHCb —— RMN*+Z+2P Fi{ B D140F (@ _ [._.HCb kN s - (b) _LHCb
= SR A T A EM N* Fit p= 5 reliminary > 35F preliminary -
AT U § P,(4450) 120 , 1 B2 2k E
e P(4380 N v, 30¢ m(pm) > 1.8 GeV
~ c( ) ~ ) ) o p .
e Z,(4200) Z100F + + 102 25F 3
.EJ S 80f | 1013 20F P.(4450) 1
10F LHCb > >~ F ]
- preliminary 60r + ] 15¢ P(4380) E
e 40F . 10 E

........'..00‘." had : - ! E - )

20 At 1 i

A + ]

s 25 E 5.5 5 5 s
M*(pr) M0/ Up) o] me(3/yp) Mave O]
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Tetraquark candidate X(5568)
DO@ Tevatron claims 5.10 evidence
for X(5568)" — B, 1
Rate R = (8.6+1.9+1.4)% of B, production

g6 3 New: LHCb-CON F-2016-004, arXiv:1507.03414

20 times larger data set

N events / 8 MeV/c?

%‘ﬁ ] Hi‘ Hhtl

""ﬁ g

#ﬁ%

Residuals (Data-Fit)

Sees nhothing, R < 0.01 @ 95% C.L. s e
M (B,n*)

180 LHCb Preliminary (a) . Claimed X(5568) state

160 |:| Combinatorial

140
120

e e Claimed X (5568
LHCb Preliminary . aimed X(5368) state

D Combinatorial

I.LI.LI_ll I|III|III
Illlllllll

Candidates / ( 1 MeV/c?)

bt
+

Candidates / ( 4 MeV/c?)

|I[Il|J!II|

4t

IIIIIIIIIIIIIIIIIII]IIIIIII

P P U TP I I N I B B
5520 5540 5560 5580 5600 5620 5640 5660 5680 5700
m(Bt’) [MeV/c?]

5520 5540 5560 5580 5600 5620 5640 5660 5680 5700
m(Bir) [MeV/c?]

M (B,n*) M (B.n+)
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New: LHCb-PAPER-2016-018,
L HCD To be submitted to PRL

Fpreliminary —— total fit (K*s)
u —— background

X(4140)
J/yd structure in
B- — J/yé K- decays
Seen (first by CDF)
or not seen by
several experiments

Candidates/(10 MeV)

4100 4200 4300 4400 4500 4600 4700 4800
m, ., IMeV]

PreI/m/nary — datall f
——e—— total fit
LHCb —_— background

prelimina-ryh-— 1 NR,

1K K(1793)
m=4147 MeV , ﬂ T K(1968)
I'=80 MeV h { o 2K! ,(1770+1820)
(5 o

New LHCb measurement

4 visible Breit-Wigner
structures required

1 K* (1680)
2" K,"(1980)

Candidates/(10 MeV)

1830)

K

" X(4140)

+ } Y0
*NR

Lowest state fits best
with D, D" cusp

Also consistent with
wide X(4140)

T 2400 4500 4600 700 ’4800
m,,,, IMeV]
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LHCb Run 2

LHC restarted in 2015

Operated successfully
at /s =13 TeV

2016 plan is collect data
LHCb restarted in 2015

All detectors fully operational JLM

Deployed new trigger scheme o

: l. 1 2345 10 20 100 20(l)“
2016 plan is collect data - mass ass [GeV/c?]
2015 data

LHCb Preliminary
2015 UpP

Single muon
Charmonium
Bottomonium
B Other triggers

Dimuons per GeV/c?

Dimuon mass spectrum ' '

— LHCb preliminary
b and charm quark production , VE=13TeV
published 5

LHCb-PAPER-2015-037, JHEP 10 (2015) 172
LHCb-PAPER-2015-041, JHEP 03 (2016) 159
2016 data

DO - K =t

0.0
, : 1750 1800 1850 1900 1950
with turbo trigger m(K-7+) [MeV/c]
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Conclusions

LHCb and Flavour physics at the LHC are a huge success

Unprecented data samples allow measurements in
hew areas, e.g. B, and baryon

Precision measurements of CP violation and rare decays
Large NP ruled out in many flavour physics observables
A few deviations to SM at 20 to 30 (40 when including B factories)
NP or statistical fluctuations? — more data is required
LHCb Highlights include
Observation of B.—pp
30 discrepancy in angular analysis of BO—K*up (B*—KiIl)
Measurement of V , in A,—puv
Most precise measurement of ¢, in B.—~J/yo
~2.40 and 2.10 evidence for LFU Violation in B*—Kll and B — D**tv
Observation of pentaquark states
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B.—d¢ is golden mode for upgrade

probe CP violating weak phase ¢,
in hadronic B, penguin decays
Sensitive to new physics

in decay amplitude

Prediction for ¢, very close to zero M. Raidal, arXiv:hep-ph/0209091

LHCb results on B _,¢¢ M. Bartsch et al., arXiv:0810.0249
S
¢, = -170 + 150 + 30 mrad

¢, from B.—¢o

inputs from LHCb-PUB-2014-040

LHCb upgrade

|
Sensitivity o(9.) ~0.02 - N
Comp. to o(¢,, theory) < 0.02
Non zero ¢, result = New Physics

Run 1 Run 2 Run 3 Run 4 Run 5

FPCapri2016, 11/06/2016 Franz Muheim 43



Z2(4430)- Resonance

Status

Z(4430) — y(2S)m observed by Belle
in B9 — y(2S) K'n~ decays

not seen bY BaBar PRD79 (2009) 112001

charged state, not described by quarkonia model

quark content lealted? K* veto region

K*(892) K,(1430)

- with Z
_ without Z

Events / 0.17 GeV?/c?

M?(y ), GeVe/c*

015 16 17 18 19 20 21 22 23
'), GeVZ/ct

—lllll: L :{l lllllllljlll‘llllllll‘ll'l llll
0.50.75 1 1.251.51.75 2 2.252.5 ,
M%(K.x), GeV2/c! M2 (¥ (2S)m)
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< Z(4430)- Resonance ()
LHCb-PAPER-2014-014, arXiv:1404.1903
LHCb confirms Z(4430)

Observation of the resonant character of the Z(4430) state

Measurement based on 4-dim amplitude fit
highly significant Z(4430) state is required
spin-parity is unambiguosly 1*

Consistent with a tetraquark state

—_ Argand diagram
" LLHCDb eBreit—Wigner resonance

model independent

0.04 LLHCb

IllIllllIllllIIllllll

|

a4
M (¢ (2S)m)

4.6 4.
“5eV]

Efficiency corrected yield / ( 25 MeV )

8
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LHCb 2015 Trigger Diagram

LHC restarted in 2015

Operated successfully

at /s =13 TeV LO Hardware Trigger : 1 MHz
25 ns bunch crossing, readout, high Er/Pr signatures

2244 bunches . 450kHz  400kHz 150 kHz ’

h* H/HH e/y
LHCb restarted in 2015 |

All detectors fully operational
Deployed new trigger scheme

LHCD Integrated Luminosity at p-p 6.5 TeV in 2015

Integrated LHCb Efficiency breakdown

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
: g ] detector calibration and alignment
Delivered Lumi: 362.75 /pb :

of inclusive and exclusive triggers

I I 11

12.5 kHz (0.6 GB/s) to storage

Recorded Lumi: 320.66 /pb '(

Full offline-like event selection, mixture]

Integrated Luminosity (1/pb)

Online calibration and alignment

Offline reconstruction in High
Level Trigger!

TT T T [T TT 1 JTTrrrrrrrrrrrrrrran

- I | S+t halii T | L1 TR
3900 4000 4100 4200 4300 4400 4500
LHC Fill Number
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b cross section vs Vs
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’;I

—e— Data | LHCb
Total fit ; 5=13TeV, L, =3.05pb’ i .
Iy-trom-b h ;{; Y P 3  —+— LHCb J/ y-from-b
e ey i 2<p<3Gevie ]
[) Background

LHCb

5= 13TeV, L, =3.05 pb’|
3<y<35

2< Pe< 3 GeV/e
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3
2

[ FONLL. = lo

Candidates per 0.2 ps
=

3200
[MeV/c?]

FrT U U T [T T T[T T T X

| o I
2950 3000 3150
1,1!’[!'

POWHEG+NNPDF3.0L +

charm cross section vs p; ™ FONLL
GMVENS
T s

— - LHCb
S
¥ Tt m=0,20<y<25
e—— .

—

| ¢ Data
| = Fit

—_
wn
S

Vs=13TeV

[ [ ] Comb. bkg.

r Charm:

D0 — K m+

S
= m=1,25<y<30

—
— g
=1 . m=230<y<35
e

—
—

(d%0)/(dydpr) - 102" [ub/(GeVe )]

Candidates / (1 MeV/c?)

... m=3,35<y<40
—_— .

! m=4,40<y<45

m(K—n+) [MeV/c?] ? pr GeV/d

Cross sections agree with expectations
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The End
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