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Data taking status

» amazing LHC performance
thanks to the

accelerator

- 80% peak efficiency

teams!

- >50% In stable beams

» great LHCb performance

- all sub-detectors in good shape
- data accumulation with =90% efficiency
- collected =1.3 fb™" in 2016
- more bb-pairs than in 2012 dataset

» working hard to exploit LHC's
record-crunching!

- originally assumed =30% efficiency
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Integrated Luminosity (1/pb)
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Data taking in Run Il = Reminder

» trigger w. split HLT and automatic alignment
- buffer data after HLT1

- perform alignment

- HLT2 processes data continuously and asynchronously

- HLT1T and HLT2 run on the same farm

- strategy I1s working very well

Throughput by Channel
7 Days from 2016-09-02 to 2016-09-09
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Data taking in Run Il = Buffers

» trigger w. split HLT and automatic alisnment 40 MHz bunch crossing rate

\/ \/ \/

| LO Hardware Trigger: 1 MHz
- perform alignment readout, high E;/P; signatures

- HLT2 processes data continuously and asynchronously 400 kHz

- buffer data after HLT1

p*fpp

- HLT1T and HLT2 run on the same farm

'----

Software High Level Trigger

r . , )
Partial event reconstruction, select

»

- strategy I1s working very well

Trend of machine efficiency and disk usage (out of 10.2PB in 2016
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| HC efficiency and LHCb HLT

» defined various scenarios depending on LHC efficiency and luminosity increase
» monitor status of buffer disks and speed-up the HLT

» small set of trigger configurations for different LHC setups

- =3%/day of disk occupancy decrease when HLT2 running at max

- Increase originally =5%/day, can be adjusted by tightening/loosening trigger requirements
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Distributed Data Processing in 2016

» Increased LHC efficiency also affects CPU/disk and tape needs

- required adaptation of data processing workflows

- all offline data processing workflows now operational and backlogs processed

» additional strain due to changes in “Turbo”

. now also contains reconstruction information et S L

- reduced offline CPU needs

- Increased disk requirements

» additional disk needs mitigated by

- reduction of disk replicas

- data popularity to remove unused datasets

- parking of 1/3 of the Turbo data on tape o

rage 29C

£ =3 Em e
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Preparations for the 2016 pPb run

» LHCb will take part to the pPb run at the end of the year

- 1t will represent a big step forward for heavy 1on physics at LHCb
- work ongoing to optimise trigger and event reconstruction
. we aim to get an integrated luminosity of 20 nb™ at Vs, = 8 TeV

- pPb and Pbp configurations split 50/50
» main physics targets
- J]w, w(2S), Y(nS), and Drell-Yan production

- study cold nuclear matter effects

- Z,J/w, Y production to improve nuclear PDFs

- assoclated heavy flavour production to study contributions from
single and double parton scattering

» details in LHCb-PUB-2016-011
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https://cdsweb.cern.ch/record/2145943?ln=en
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New results
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Publication status

» 334 papers submitted

Publications per year

2016
2015
- +20 papers w.r.t. last LHCC
g
.g 2014
. 7 PRL, 5 JHEP. 4 PLB, 2 PRD, -
: =
1 EPJC, 1 Nature Physics 5 2012
, , 3 2011
» 15 papers in preparation oro B -
. 2009 0
» 47 analyses under review
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Publications since last LHCC

Probing matter-antimatter asymmetries in beauty baryon decays
Search for Higgs-like bosons decaying into long-lived exotic particles
First experimental study of the photon polarization in radiative B, decays

+ - + -

Differential branching fraction and angular moments analysis of the decay B> K'm u U
in the K 0’2(1430)0 region
Measurement of CP violation in B->D'D’ decays

Measurement of the CP-violating phase and decay-width difference in B.-» w(2S)y
decays
Measurement of forward W-ev production in pp collisions at Vs=8 TeV

Search for the suppressed decays B K K and B >mm K
Amplitude analysis of B D mm decays

Search for structure in the B invariant mass spectrum
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Publications since last LHCC (cont.)

Measurement of the ratio of branching fractions Br(B_—>J/wK )/Br(B_~>J/ym )

Measurement of the forward Z boson production cross-section in pp collisions at Vs=13 TeV
Observation of n (2S)->pp and search for X(3872)-> pp decays

Measurement of the B.~>J/yn lifetime

+ - +

Study of B. decays to the K K m
0O +
B.>X. T

—~

nal state and evidence for the decay

Amplitude analysis of B+%j/qj(p|<+ decays

Observation of J/wy structures consistent with exotic states from amplitude analysis of
B >J/wpK decays

Fvidence for exotic hadron contributions to A, >J/wpm decays

+ - + - 0O + -

Measurements of the S-wave fraction in B >K' T U g decays and the BO%K*(892) U
differential branching fraction

Measurement of the CP asymmetry in B mixing
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strategy: measure inclusive b-> X uvX decays
right-sign uX. combinations, X.= {D°, D*, D, A}

form a good secondary vertex (SV)

Events / ( 1 MeV )

do not point back to the primary vertex (PV)

2D fitto m and n(IP) dis
prompt X,

‘ribution to identify non-

Events / (0.15)
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b-quark production cross-section @13 TeV
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https://cds.cern.ch/record/2205792?ln=en

b-quark production cross-section

do(pp— H X)/dn [ub]
z 3
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LHCb 13 TeV
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—+— Data
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1E 13 TeV :

ot LHCE 7TeV -.

.
n

cross-section in LHCb acceptance

Opp = (164.9 + 2.3 + 14.6) ub

theory prediction 111*°'_,, pb
from FONLL [arXiv:1507.06197]

measured ratio

opp(13 TeV)/opp(7 TeV) = 2.30 + 0.25 + 019
theory FONLL predicts 1.70*%4"_y5

tensions at low n
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https://arxiv.org/abs/1507.06197
https://cds.cern.ch/record/2205792?ln=en

m/tp and w(2S) production @13 TeV

» central exclusive production E " LHCb preliminary [§| | | g
- diffractive process, protons remain intact i o §
- Interaction mediated by pomerons g 10° é
» cross-section measurements useful for = | 3
- testing QCD ié f I
- description of pomerons i o o Ma:(s)O(OMeV)
. probing the gluon PDF, down to x =2 x 10°° — e oy

» first result with the inclusion of HeRSChell!

~

407 = 8 -
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O J/p—sutu— (20 < Nyt N~ < 45)
O(28)—ptp— (20 < Nyt N~ < 45)

24 + 16 pb -
=0

Station B1
0x04 pb ) atz=-19.7m  gtation BO

atz = -7.5 m 4

—

Station F1
| atz=20.0m

Station F2
atz=1140m
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https://cds.cern.ch/record/2209532
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Forward Z boson production at Vs=13 TeV
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https://cds.cern.ch/record/2200727
https://arxiv.org/abs/1607.06495
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Photon polarisation in Bs= @y
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http://cds.cern.ch/search?p=LHCb-PAPER-2016-034*
http://www.arxiv.org/abs/1609.02032
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Photon polarisation in Bs= @y
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: : : C [ VELO t '
resolution from simulations 300} AEREPTAnEE =
- @)
: ) - True T distribution |
control acceptance by using B°- K*%y 200f / 3
: 100 o
comb. & partially reconstructed backgrounds e =
. 06: 10.0102 . 0.0104 o 100('.}6 0.008 — 0.101 i
peaking backgrounds t, C ns) S
true .
O
2 2 [ 1 . . | S
P 10" & LHCb 3 & L LHCb | = o LHCb §
g : BO—s g *0 i _c§ E o E Q;; 0.25 - Z
;_5 — )4 — ,_54 - s%¢y - E; -
3 100k 4 8 1 = 02
~ E 2 ~ 10’ - - 3 Fc% -
10° = E I - 1 'g T
= ! 3 10 3 , - ,_ 52 | -
5;' — 1 T 1T T T T 71 T ] 5E I S | = E
N e eSS  — B LA LY T kb e —— *« l
_(;:. R I S S S RS SO A ST S S _(;:. R R .i_.§_| IR B | - OO 5 10
0) 2 4 6 8 10 0] 2 4 6 8 10 t [ps]
t [ps] t [ps] P

Julian Wishahi for LHCb | LHCb Status Report | 127th LHCC Meeting | September 2016 | CERN 18


http://cds.cern.ch/search?p=LHCb-PAPER-2016-034*
http://www.arxiv.org/abs/1609.02032
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Photon polarisation in Bs=> y

: . MC 12
experimental o e
= |Ph ! |
P(t) [ res|y lt A/\ — —(0).98 i‘ 84512 1‘ 838 acceptance:
: ‘ ’ VELO acceptance
resolution

- first measurement of polarisation in B; mesons

control acc , , . .
- consistent with SM expectation within 20
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http://cds.cern.ch/search?p=LHCb-PAPER-2016-034*
http://www.arxiv.org/abs/1609.02032

Flavour tagged analyses

o1l DO 8 b
decay-time dependent CP analyses ,T / - (Zel/&ztm
require the knowledge of the initial B production flavour :&'010 cores |
flavour tagging algorithms exploit event information I oos
recent analyses /)
“Measurement of the CP-violating phase and decay- D' DS v C @FI;«H
width difference in B.~> w(2S)p decays” & r T e
tagging power of 3.9% Egill}(e:a:
“Measurement of CP violation in B°>D'D” decays” 04 1 /1 I Average -
precision on CPV significantly improved w.r.t. B factories /\ » / :
exploiting new tagging algorithms I - NN\ _
tagging power of 81%! g . i
| 39.3% CL contofurs
08 . . .

-12 -1 -08 -06 -04 -02 O 0.2

SCP
Contours give -2A(In L) = sz =1, corresponding to 39.3% CL for 2 dof
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https://cds.cern.ch/record/2209876?ln=en
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-027.html
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wCP violation in b-baryons

' I ]

———— -
— Full fit B

¥ FLHCb :
o+ > - . 3 I
» strategy: use Ap,>pr ' decays glsoo::(a) | ... Iéf;ffcl;f;g' -
: 0 . = =
- search for CP-violating asymmetries in triple- £ [ | :’_’_io:IIfK’En’ffé
) — - b N
products of final-state momenta g 1000}~ — A PU T
M
- study local CPV as a function of the angle ®© o
500} -
between the pi~ and m'm™ decay planes -
-+ 0 g:
)
£ 4f @
' s 20¢ ¢ . :
_ = o TR T S [ SR S S
Mslow | M fast 3 Oki - ¢ ¢ ; ¢
. L 2-20¢ E
» evidence for CP violation at 3.30 _40F o al¥ ¥2mdf=30.5/10 -
- . . . . 1 2 3
|
» first evidence for CP violation In baryons! DI [rad]
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https://cds.cern.ch/record/2205792?ln=en
https://arxiv.org/abs/1609.05216

Search for indirect CP violation in D° mixing

decay-time dependent asymmetry in K*K™ and i final states

F(DO(t) > F) =D () > ) ge  t g
—5 ¥dcpt —dcp
(DO(t) —» f)+ (D (t) — ) D

Acp(t) =

A/‘ Z—Q?Ig Ar R g
[[(D° - A+ (D — f)

analyses
use initial D**= Dm* for tagging the production flavour

challenge: avoid experimental biases

detector and reconstruction asymmetries

non-uniform decay-time acceptance
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http://cds.cern.ch/search?p=LHCb-PAPER-2016-024*&f=&action_search=Search&c=Articles+&+Preprints
http://www.arxiv.org/abs/1608.01484

Search for indirect CPV in D° mixing

two Independent analyses =

< £

binned fit [LHCb-CONF-2016-009] e
perform the analysis in bins of decay time

reduces effects from acceptance -

Ar=(-012 + 0.30) x 1073 %

unbinned fit [LHCb-CONF-2016-010]

evaluate per-event decay-time acceptance function

Ar=(-0.07 + 0.34) x 1073

consistent within 10 (incl. correlations)

world's best measurements!
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wDirect CP violation in DY decays

e

I'(D° —» K-K*)—T(D° —» K-K*)

» measure asymmetry of decay rate Acp(D° - K™ K*) = —

N(D° > f) - N(D° - f)

Araw(D° - ) =

N(D® > f) + N(D" - 7)

- expect very small CP violation in the SM

- determine experimental asymmetries from

control channels

Acp(D° - KK) = Aaw(D°? = KK) — Ap(D**) — Ap(7l)

» combined results w. previous analyses

ACmD(KK) = (0.04 +
AZEP () = (0.07 -

0.12 +0.10) %

- 0.14 -

- 0.11)%

no

evidence
for CPV

['(D° — K-K+)+T(D° —» K-K+)
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http://cds.cern.ch/search?p=LHCb-PAPER-2016-024*&f=&action_search=Search&c=Articles+&+Preprints

Observation of four exotic-like particles

» X J/wp decays in B> J/wpK decays 3
= 120
» “history” =
5 100
- CDF observed a narrow structure, X(4140), and =
= 80
hint for another structure, X(4274) S
. 60
- exotic: narrow and above DD, threshold
. also seen by DO and CMS 40
» new, unique analysis by LHCb 20
- first full amplitude analysis (6D likelihood fit) Ty 70 4300 400 4500 4600 4700 lé}lm%l
m C
- measurement of quantum numbers X(4140) @8.40  X(4274) @6.00 e
© X(4140) and X(4274) seen (both J -=1"") X(4500) @610 X(4700) @5.60
- X(4140) described as D, D.*" cusp is preferred by fit B* rest frame

- 2 additional structures, X(4500) and X(4700)
(both J7=0"")

\ rest frame
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http://cdsweb.cern.ch/search?p=LHCb-PAPER-2016-019*&f=&action_search=Search&c=Articles+&+Preprints
http://www.arxiv.org/abs/1606.07898

e

Search for Ks=> u*u~ decays

Ks=>u*u™ has not been observed ; 10 S
in SM: FCNC transition with additional % VE E
suppression due to small CPV E 1_ . *... I ‘ [

SM prediction: BR(Ks=>p*u™) = (5.0 + 1.5) x 107" 3 | f\ [T T LI E
experimental upper limit <11 x 10~ @95% CL 500 > M., (MeV/cg)OO
analysis using 2 fb™" of Run | 5 :
normalisation channel K> 0.95 — LHCb Preliminary —
fit the kaon mass in bins of trigger 0095_ ................... _
selection and MVA output -/ }
preliminary upper limit 0-85;‘ ‘
BR(Ks=1"1) < 6.9 X 107 @95% CL 05t ' _

BR(K’—utu) x10°
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http://cds.cern.ch/search?p=LHCb-PAPER-2016-024*&f=&action_search=Search&c=Articles+&+Preprints

many more results in preparation,

Including high precision flavour

physics results with Run Il
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HCb Upgrade in LS2 - Overview

40 MHz readOUt RICH 3 O — Muon Chambers
new PMTs, readout
: more shielding, upgraded

software trigger . . |
electronics, optics ' .
_ readout electronics

Calorimeters

reduced PMT gain, new
l electronics

il B

J !
]

SASEEEE TET TR

SciFi Tracker

scintillating fibres

new pixel detector Upstream Tracker
silicon strips
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HCb Upgrade In LS2 - Status

» In general a good progress on all subsystems

- many engineering design and production readiness reviews

successfully completed during the summer

- small delays for some of the milestones

» many detectors entering (pre-)production phase

- several crucial front-end ASICS successfully submitted and

under test

- VELOPIX for VELO, SALT-128 for Upstream Tracker, CLARO for RICH
- large component production started

- delivery of MA-PMTs for RICH started

- SciFi1 Tracker fibre delivery on schedule, fibre mat production started

» preparation of LS2 work and worksite organisation Is
ongoing, profit from EYETS
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Conclusion
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https://www.flickr.com/photos/peter_jakobs/3446728883/in/photolist-6fzoq4-79rjEV-8ZyQhE-85n7Zn-2kcX6L-BKK6-r6sPJk-d9u4B-52z4zo-9857qw-6cn6zf-BzK88Y-bE11co-P78kC-ywsgM-a3X69f-7Mj4DQ-33LcSX-72qbW8-7cice-5kWyXm-bp4QHg-9NwUL5-6gst4P-6NfA1m-P7CGR-7wshd1-6BzfNp-8SXqp-meXbx-4TziJv-dTt1NP-4opKFt-5S1CHa-7Mp2cw-6bRSMT-E5cAH2-3cvAFq-SgjVq-dsG8qr-dkwynG-3cvA4N-3crbrX-5mr7Mp-6S7qSW-od4zL4-3gcXoC-55TWkm-6Xyq3D-nscZSz
https://creativecommons.org/licenses/by-nc-nd/2.0/

Summary & Conclusion

LHCb's physics program
lots of new, diverse results over the summer

many long-expected results presented, and many more to come!

LHCb operation = LHC's superb efficiency + LHCb's flexibility

optimal and dynamic use of resources to maximise the physics output
effects on computing are under control in 2016
already overtook 2012 data taking in terms of bb-pairs recorded

we are preparing for the pPb runs

LHCb upgrade 1s progressing well

huge progress over the past few months

working hard to keep up with our milestones
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