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m 2016 startup and first data
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introduction LHCb experiment

LHCb experiment

Magnet

m originally designed to study CPV in rare b and c¢ decays, nowadays

GPD in forward region
W tracking efficiency > 96%
B excellent vertexing: decay time resolution ~ 45 fs
W very good momentum resolution: dp/p ~ 0.5 — 1.0%
B software trigger (HLT) input rate: 1 MHz
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new physics results overview

overview

Publications per year

m 314 papers submitted
m 9 further papers in preparation

Year of submission

m 41 new analyses under review
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new physics results overview

overview

m Measurement of the CKM angle ~ using B’ — DK*? with D — K507r+7r’
decays

m Measurement of forward W and Z boson production in association with
jets in proton-proton collisions at /s = 8 TeV

m 13 papers

m Model-independent evidence for J/+p contributions to Ay, — J/pK™

submitted since decays
Iast L H CC wee k: m  Measurement of the properties of the EZO baryon
m5 _JH EP m A precise measurement of the B® meson oscillation frequency
3 PLB m Model-independent measurement of the CKM angle ~ using B — DK*?

u decays with D — Kz+7~ and KIKT K~
m 3 PRL . _
m Measurement of the mass and lifetime of the ,” baryon
m ] EPJC m Measurement of CP observables in BX — DK® and B¥ — Dn¥ with
m 1 PRD two- and four-body D meson decays
m Search for B¢ decays to the ppr final state

m4 Conference m Observation of/\g — (2S)pK~ and /\2 — J/pmn T~ pK~ decays and a

notes since last measurement of the A} baryon mass
LH CC m Search for violations of Lorentz invariance and CPT symmetry in B?S)
mixing

m Observation of the A, — A¢ decay

m Observation of Bg — Bﬂkg and evidence for Bg ~ D" Kg decays
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new physics results CP violation in mixing

CP violation in mixing

m CPV in mixing: ['(By — Bq) # '(Bq — Bg) (= d.9
m asymmetry sensitive to CPV in mixing:
N(D; u*) — N(DFp~ d
(Dg 1) (Dgn )N&+ corrections...
N(Dg i)+ N(D{ )~ 2

Araw =

m sensitive to potential NP entering in the mixing

the story so far: & 'F 7 Standard Model : T
¥ o [ - -
m SM: F I \ O\ [HRAGFRaris
af=(-47%06)-10~" @ LHCb: sn-—11n— I AN 3
@ =(2.22+0.27) - 107° ) = (—0.0240.1940.30)- 102 3[ a0 N ]
[arXiv:1511.09466] ai, = (*0»06:‘:0.50:&0.36)410’2 oF g % ) E
PRL 114, 041601 (2015 [ =< LHCb D ——e— b
| HFAG { 601 ( 2 £ o8 DO nm{;y\ I
) 728C (2014 7 -3 aBarp'ly i .
“sdl = (0.01 = 0.20) - 10—2 [PLB 728C (2014) 607] ngg;\ﬁm T 1
a$; = (—0.48 £ 0.48) - 1072 4t  Bellet T
e - 3 2 -1 0 1
[arXiv:1412.7515], excl. D@ jupu resul [arXiv:1511.09466] ad [%]
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http://arxiv.org/abs/1511.09466
http://arxiv.org/abs/1412.7515
http://dx.doi.org/10.1103/PhysRevLett.114.041601
http://dx.doi.org/10.1016/j.physletb.2013.12.030
http://arxiv.org/abs/1511.09466

new physics results CP violation in mixing

CP violation in mixing

m new untagged, time-integrated, inclusive analysis of B; — Dy p* v, X

B using full run 1 data set (3fb™")
W using full Dy — KKm Dalitz space

Ny pF) = N(Dgu™) . ) (A — i;’,) [ dt cos(Amgt)e(t)
TNy p)+ N T 2 P72 dt cosh(arqt/2)e (D)

Ap: detection asymmetry, Ap: production asymmetry
m formerly dominant systematics: tracking asymmetry
B was 0.13% in prev. LHCb
measurement, down to 0.03%
for K and 0.04% for
B much improved: J/1 0

" Standard Model |

as [%]

tag-and-probe, D* partially o ]
reconstructed methods + 13_ g B
simulation ol - 1=
[ [S = ] =
[ 127 ] £
[ ] ai[ =(0.45+0.26 £ 0.20)% 2F L FE q E
= 1 =
. [ s LHCb D®uvX 1 -
<IE LHCb preliminary I Q DO DMuvX 1 =
E I E -3 BaBar D'lv q =
¥ B i { Tt '_I_‘] T 1 1 23 [ = BaBar I 1 -
_'21 = + I '_t _4' | B.e“.e I.I P PR P ,i(
i E 3 ) -1 0 1 3
s s S o i kzﬁ,,j:j;:‘,g ey ;f“‘jm, o, aj [%] %
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new physics results Amy from B — D(*)*p, vX

Amy from B® — DW-ptu X

m measure mixing frequency Amy with full
run 1sample 3fb™")

0.446 £ 0.026 0,019 ps”

05190018 0011 ps™

B use flavour specific decays:
H 16MB — D~ (KT 7~ 77 )utvX decays S ey
W 08M B — D*— (D" (K*7~ )r~ )ut vXdecays

0.444£0.028 0,028 ps”"
bt 0.479£0.018£0.015 ps”
0.495£0.033 %0027 ps”™
0.506+0.020 £ 0.016 ps™

I+

0.506 0,006 £ 0.004 ps”

B need flavour tagging (4 categories)
B reconstruct decay time (k-factor corrected),

0,509+ 0.004 % 0.005 ps™

fit No(t) = e—t/f(1 + (1 — 2w) cos(Amgyt)) - i o
’ ise si AR I R
— world’s most precise single measurement: . PR PP

Amy = (505.0 +2.1(stat.) + 1.0(syst.)) ns™' -, R

ithout a s Amy (ps™)
«10° ' ' [HFAL 2015]

2
50 E -
I'\l = 05 LHCb B 1
g LHCb 3t +
= 40 4 o i i
Z —+Data
£ 30 — Total fit 05k @ Iw ]
E —- B signal !
20 [WB bkg. 03 1
~ e
10F 13 Ow
0 D i 0.5 (© T (@
5 10 15 < 5 10 5 10
B — D putux tlps] T 20128 — DT putux 1ips]
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http://arxiv.org/abs/1604.03475

new physics results CKM angle v

CKM angle ~
my=arg(—Vy,Vy/ VeV, least
well-known angle in the UT

m measurable in interference between
2 amplitudes to same final state

v A'“dAmd&A‘m, .
B one has a weak b — u transition, the
other not “E
B plenty of possible channels o
E 1
m interference causes different decay e
I — s
rates, e.g. in B* — D(rtK~)K* [EPS-HEP 2015]
S 100 LHCb LHCb
=
2
= 50 Bfe[n’K*]DKf ] ke B*—>[T:*K’]DK* .
E
S e =
“ R A * etbiett] [ . ey =
5100 5200 5300 5400 5500 5100 5200 5300 5400 ,3500 ;
m(Dh*) [MeV/c?] &
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http://arxiv.org/abs/1603.08993

new physics results CKM angle v

CKM angle ~

I e :
K 83 ™

g F 7—§ s & LHCb }E

m plenty more By — DK™ 8, T 5

results from run 1 available: < A o

ES 3 ol 3

B another recent result: ] N T { /“,ﬂ, 2

1 T

B® — D°(K2hth=)K** alone: : 5 3 ] ; S

Ty ~ 20° mAK¢™) [GeV?/c'] X, ’é
B [arXiv:1603.08993], [arXiv:1504.05442], o oIr —
[arXiv:1408.2748], [arXiv:1402.2982], 9 LHCD H
[arXiv:1602.03455], [arXiv:1407.8136], 08 Freliminary —
[arXiv:1605.01082], [arXiv:1505.07044], [ . ]
[arXiv:1407.6127] 0.6 7095 B

m perform LHCb-wide statistical 041 683% 12

~ combination of DK modes: 02k 1 g

. . r 7 4

v = (70.9751)° is most precise F9ss% 18

: . MR BT Q

measurement by single 0 40 60 80 2

o] 9

experiment v =
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http://arxiv.org/abs/1603.08993
http://arxiv.org/abs/1504.05442
http://arxiv.org/abs/1408.2748
http://arxiv.org/abs/1402.2982
http://arxiv.org/abs/1602.03455
http://arxiv.org/abs/1407.8136
http://arxiv.org/abs/1605.01082
http://arxiv.org/abs/1505.07044
http://arxiv.org/abs/1407.6127
http://arxiv.org/abs/1604.01525
http://arxiv.org/abs/1605.01082
https://cdsweb.cern.ch/record/2138454?ln=en

new physics results tetraquark (non-)observation

D@ tetraquark observation

m Feb. 26th: D@ claims exotic state X(5568) — Bin* with 5.1¢
significance

(with BY — J/wé, J/v — ptu~ and ¢ — KTK™)
B M=5567.8+29799 MeV/c%, T =21.9+6.4752 MeV/c?
m fraction of B? from X(5568) decay: pBQ =(8.6+19+1.4)%

m at least 4 quarks with u, d, s, b flavours, theory community buzzing
with models to explain state

2000 |~ i 90
£ + DO Run ll, 10.4 6 E DO Run II, 10.4 fb'
o = «_ 80—
L E L2 £ DATA
2 1500~ 3O Fitwithbackground shape fed
s E S 0 E s Background
E (o] E Signal
8 E 20k
P 1000 B
2 E 3 40
% i Zaf B
Z S0 e E 2
N 33 S
ol GEEEE | BRI, SeieEa 10 | ;
4.8 5 5.2 5.4 5.6 5.8 , 6 o e o . . . . =
55 555 56 565 57 575 58 58 A9 <
mhy 9) [GeV/c™] n (BL7Y) iSevidl® =
Npg ~ 5500, o ~ 30MeV/c? Ny~ 133 = 31
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http://arxiv.org/abs/1602.07588

new physics results tetraquark (non-)observation

LHCDb tetraquark non-observation

m Mar. 20th: LHCb looks in 3 fb~! of data

B exploit experience from previous analyses
B ~110k ultra-clean BS (in Ds7 and J/1¢ modes)

80E-LHCb Proliminary (a)

g
T

P> e veliminary (@) 3 LHCh profiminan Y (b)

Candidates/(3 MeVic?)
g 8 8

g

g
Pull

Ly = u
)

(@) Mevic)

5 S0 e E
m(D,z) (MeVic?) (o) (MeVic?)
65k B! — D7, 0, ~ 15MeV/c*, S/B=10 45k B! — J/ b, o ~ 6 MeV/c, S/B=50

m X(5568) not seen by LHCb:

pr(B;) > 5GeV/c

%ZEH;LHCb Preliminary

pLACh(pr(Bs) > 5GeV) < 0.9(1.0)% @ 90(95)% CL Tk

PRI (pr(Bs) > 10GeV) < 1.6(1.8)% @ 90(95)% CL S
. 8 100" + 3

m bottom right plot: LHCb data with claimed | 4 f

“ o E
X(5568) at px = 8.6% superimposed
m(Bir) [MeV/e?]
m looking forward to hearing from other pr(B) > 10GeV/ %, D signal superimposed

experiments
m publication in preparation
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https://cds.cern.ch/record/2140095

new physics results physics outlook

m 13 papers, 4 conference notes released since last LHCC

m many interesting results in the pipeline:

m run 1 lepton universality
W and Z cross-sections
CP violation in charm
exotic particles and states
spectroscopy

m...

m stay tuned for the summer conferences - there are exciting
times ahead!
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2016 startup and first data overview

2016 startup and first data

m 2016 data taking has started

m we thank the machine for a smooth experience!

m well, there’s the occasional “weasel” (literal and other)

m generally smooth experience, problems are resolved quickly and
effectively

® reminder: new in run 2:

m real-time calibration and alignment in the software trigger
m software trigger has offline reconstruction (and quality!)
m TURBO stream: save trigger candidates at 15 size

T
LHCb Preliminary
2015 0p

Dimuons per GeV/c?
3

vl vl vl vl ol sl sl

b.z 12345 10 20 100 200
Dimuon mass [GeV/c?]
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2016 startup and first data overview

2016 startup and first data

m data are being taken successfully, all detectors work

m new control room ready just in time

SMOG: System for Measuring
the Overlap with Gas
e FlowtoVELD P sause

LHCb Integrated Luminosity at p-p in 2016 —

 Delivered Lumi: 54.05 /pb
*  Recorded Lumi 47.13 fpb

i N Se e ot
el e i 4o

i i
L]
LHC Fil Number

m huge effort to validate incoming data: done on day 2 after start of
data taking

m successfully took VAM scan, also SMOG data (fixed target p-He
collisions)

m improvements for this year numerous:

m TURBO++ stream (next slide)
m retuning to optimise performance
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PN ERTHEGGRTSEVENN TURBO-++ stream

HLT improvements: TURBO++ stream

m already in 2015: TURBO stream: fully reconstructed HLT
candidate for analysis at a fraction of the event size

TURBO TURBO++

m new: TURBO++ stream is TURBO plus:
W persist arbitrary variables like isolation with HLT candidate
B can now save HLT candidate + any reconstructed particles
— can do qualitatively new things (at higher rate & statistics per storage space) on
HLT output
B entire analysis can be done on trigger output, incl. flavour tagging
B e.g. in charm spectroscopy: D* — D°(K—7t)n*
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2016 startup and first data TURBO++ stream

HLT improvements: TURBO++ stream

= . — 3
zZ SE <10 T T T T T T T
0E-. O LHCb preliminary
2 32 4L V5 =13TeV
o 20F T T Z
N = i
§ 200 LHCb preliminary 13 3 1k
‘ " F S —~
X < osf 1z &
+ I 821 1%
N 2 100f 15 =
= a f St 1Q
s0F 4 8
Ry E 3
/I\ 0 s 0 1 | ) T
5200 5300 5400 0O 2 4 6 8 10 12 14 j;
“ JIy K*K') (MeV/c?
o5 mUy KK (MeVie?) m(DOH) —m(D°) —m(xt) [MeVI] Q)
x103
T T T T T T T T T
141 4 A data LHCb preliminary
V5= 13TeV
12
10

Candidates / (1 MeV/c?)

225022602270228022902300231023202330 +o

m(pK~mt) [MeV/c?] <
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ek

Event 924938
Run 168926
Tue, 01 Dec 2015 19:34:07

> F LHCb preliminary ~ 70%<Event Activity<90%
Vo =5 TeV.

Candidates per 8.0 MeV/c*

M(up) [MeV/c?]

m LHCb has become a player in heavy ion physics, too
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heavy ions

heavy ion plans
m pPbrun at \/syy = 8 TeV

B high lumi run for all experiments

B LHCb asks for 20 nb™"', pPb and Pbp split 50/50

W J/v, ¥(2S), T(nS), and Drell-Yan production to study cold nuclear matter effects

B Z, J/vy, T production to improve nuclear PDFs

W associated heavy flavour production to study contributions from single and
double parton scattering

W details in LHCb-PUB-2016-011

m pPb run at \/syy =5 TeV (prefer p as beam 1)
B low pile-up minimum bias data for ALICE
W can use SMOG system to study p-He collisions at this beam energy
B p production valuable input for cosmic ray physics in light of AMS-02’s p excess

]

p-Pb ys=8 TeV. [13)
5 T - 10-3
2 | < 4 PAMELA 2012
g : & AMS022015
o <
o b =
10tk g
. Z Ca) —— 104
10° . Dark Matter N
Z 3 ey
10°F o S 2
] & =
C 2 <
e Jiy ~ Secondary production 10-5 e g
: g Uncertainty from: <

Proj
- Pri

5

Donato et al., PRL 102, 071301 (2009); my = 1TeV

100 200 300 400 500 10-¢

/ A R 1 5 10 50 100
A A A S Kinetic Energy [GeV] Kinetic energy T [GeV]

Solar modulation

AMS Coll
[arXiv:1
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https://cdsweb.cern.ch/record/2145943?ln=en
http://arxiv.org/abs/1504.04276

(et overview of the detector upgrade

overview of the detector upgrade

Side View EcaL HCAL i M5

m LS 2 activity!
m 40 MHz readout of all sub-detectors; data processed with software

trigger
VELO: new pixel detector

Upstream Tracker (UT): silicon strips
Fibre tracker (FT): scintillating fibres
RICH: new PMTs, readout electronics
CALO: reduced PMT gain, new electronics
B MUON: more shielding, upgraded readout electronics
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in-depth review

in-depth review of the LHCb upgrade

LHCb upgrade just had an in-depth review..

Conclusion

Summary

Executive Summary: DAQA Trigge for Rund [

ONLINE

» Ratherprecise praranne o wark hes enersedfrom
brainstorming n fhe last few mont
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ooy ot et o he TOR vt e o wor sty sy o UT 558
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LGl o "
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- oo raiang e ceccaone pUS— )
e eaacere. st o oo vy e €00 Ssnsrttneieen C1Some schedule delays (mostly driven by
. Trndqu of work packages with other support teams is in electronics components) but well on-
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upgrade in-depth review

LHCDb upgrade

...so | will have to pick a few points to summarise

m good progress on all subsystems
m entering production phase for many subprojects
m where possible, perform work proactively (LS2 is short!):

m installation of CO, cooling lines, optical fibres (for DAQ), shielding
in MUON during EYETS

B software, HLT in particular, is employing some of the techniques
needed for upgrade: nice demonstator!

m progress monitored through milestones

M. Schiller for LHCb (CERN) LHCb status report May 25th, 2016 22/27 i’ﬂé



upgrade beyond the phase 1 (LS2) upgrade

beyond the phase 1 (LS2) upgrade

m began discussion about evolution beyond current upgrade
B plans discussed in a recent workshop in Manchester

m LS3is ideal opportunity to

B consolidate existing improvements
W further modest developments
— could significantly enhance LHCb’s capabilities
in specific areas
B example: side chambers in magnet to improve
acceptance of low momentum tracks
(e.g. slow w from D* and high multiplicity decays)

m longer term (LS4): phase 2 upgrade, allowing

operation at high lumi (~ 2-10%* s~'cm~2) recoverable

B physics case under development
B machine aspects being studied (thanks to HiLumi -
LHC team!), and so far are promising

10° 10
Slow pion p / MV

m more information will be presented to LHCC in near future

M. Schiller for LHCb (CERN) LHCb status report May 25th, 2016 23/27 .’ﬂ\a


http://www.hep.manchester.ac.uk/theatre-of-dreams/index.html

summary and conclusions

summary and conclusion

m LHCb physics programme continues to yield new results
[ ] azl, Amy, exotic states, UT angle ~
B plenty more, stay tuned for the summer conferences

m successful startup in 2016

W 2016 will be like 2015, only better...
B we're taking data successfully
W 2016 HLT has become even better, allowing qualitatively new analyses

m heavy ion run is being planned with exciting physics objectives
m LHCb upgrade is progressing well

B many subprojects entering construction phase
B test new technologies and prepare where possible already during run 2
B thinking about the upgrade beyond LS2
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backup

backup slides
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Year End Technical Stop replacement lift and cranes

EYETS: replacement lift and cranes
Replacement of Lift (AS713) and overhead cranes (P720-721)

m both inherited from DELPHI, 30 years old
m not compliant with modern standards (e.g. EN80-20)
m electrical components no longer available

— increased maintenance and repair cost

m baseline: proceed with both in parallel

m provisional planning: 9 weeks (from
07/02/17 to end of TS)

— work on detectors shall be completed
by end of January 2017
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Year End Technical Stop upgrade preparation, standard work

EYETS: upgrade preparation, standard work
m preparation for the LHCb upgrade

aim: reduce as much as possible LS2 workload
m installation of CO, cooling transfer lines for
UT and VELO
H from UXA to UXB, through shielding wall
m will allow early commissioning of cooling plants
m installation of additional shielding for
MUON
B at M2 beam plug, replace iron by tungsten
B expect 60% rate reduction in M1
m installation of optical support path

W fibres from US/UX border to patch panels at
detector

+ standard EYETS workload:

m maintainance and test of all infrastructure,
detector services and safety systems
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