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LHCDb in Run 2
(and Run 1!)
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Full list of papers submitted/published: 315 as of June 2.
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html

Run 2: Detector

The LHCDb detector we A e
know and love from Run |I... gy
% WY | H 1] |
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G daomy T o
& - - ... with a2 new subdetector,

B HERSCHEL, to instrument

e 5 < |n| < 8 for CEP physics.

atz=-75m Station F1
atz =20.0m

" High Rapidity Shower Counter for LHCb
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Run 2: 13 TeV data

LHCDb Integrated Luminosity at p-p in 2015

LHCD Integrated Luminosity at p-p in 2016
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...and in addition, heavy ion physics from (p-Pb, Pb-Pb) and from

SMOG (p-He, p-Ne, p-Ar, Pb-Ar, ...)

Thanks very much to our LHC colleagues for their hard work!
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https://en.wikipedia.org/wiki/Beech_marten#/media/File:Steinmarder_(cropped).jpg

Run 2: Trigger
Two key improvements in Run 2:

* Smarter trigger
e Deferred trigger => more CPU time per event

* Real-time calibration => offline-quality reco in HLT

* Higher output rate (3-5 kHz — I2 5 kHz)

* More bandwidth
(0.3 = 0.6 GB/s)

* Smaller avg event size

* Turbo: use online output
directly for physics!
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2016 Turbo++ output
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Physics-quality output, directly from the

trigger.

Data: some tens of pb™! from 2016.

Method already used for |3 TeV papers...
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Results with |3 TeV data

Hidden charm production Open charm production
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JHEP 10 (2015) 172 [LHCb-PAPER-2015-037] JHEP 03 (2016) 159 [LHCb-PAPER-2015-041]
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http://arxiv.org/abs/1509.00771
http://arxiv.org/abs/1510.01707

New and exciting
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CPV in mixing
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CPV in interference
between mixing and decay

J

Seen only in KO
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CPV in Bs mixing: a;

'B—f)—T(B—f) _
(B— f)+D(B—f) Am

gl = tan ¢12

* Predicted to be small in the SM...

Bs: a’(SM) = (—4.74+0.6) x 10*
B a(SM) = (—2.224+0.27) x 107°

[Artuso, Borissoy, Lenz]

e ...but could be enhanced by NP. Loms et al
e Study with By — D, v, X

[LHCB-PAPER-2016-01 3]
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http://arxiv.org/abs/1511.09466
https://arxiv.org/abs/1203.0238
http://arxiv.org/abs/1605.09768

CPV in Bs mixing: a;
* B; mixing rate is fast (period/lifetime ~ '/4)

* Don't need to tag individual mesons; can simply
count whether more end up in the Bs or Bs pile.

* Production asymmetry washes out => unimportant.

(g = ({Araw] [Adet] [f bkgAbkg])

1—fbkg
A

Raw measured Background fraction fpke

yield asymmetry Detection efficiency and asymmetry Abkg
asymmetry

* Must control detector asymmetry, background.

[LHCB-PAPER-2016-01 3]
|3


http://arxiv.org/abs/1605.09768

CPV in Bs mixing: a;

‘This measurement: a;; = (0.39 £ 0.26 + 0.20)%‘
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Sadly consistent with SM.

arXiv:1605.09768 [LHCB-PAPER-2016-013]
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http://arxiv.org/abs/1605.09768

Bs mixing: lifetime (J/Y n)
* So we know CPV in Bs mixing is small.

* Mass eigenstates (light, heavy) are almost the same
as CP eigenstates (even, odd).

* Effective lifetime of Bs = CP-even final state ~ TL.
Can compare to SM prediction: [.43 + 0.03 ps.

e Golden channel: Bs = J/Y¢ -- high stats. But CP-

mixed, requires angular analysis.
* This analysis: Bs = }J/Yn, pure CP-even
°JA = Y'Y~ and n 2 Yy

LHCb-PAPER-2016-017 (preliminary)
15


http://arxiv.org/abs/1205.1444

Bs mixing:
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Sadly consistent with SM (1.43 = 0.03 ps) arxiv1205.1444 [Lenz)
LHCb-PAPER-2016-017 (preliminary)
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http://arxiv.org/abs/1205.1444

Exotic hadrons

* Reminder of two key past sets of results:

e Amplitude analysis of B = ' T1* K=, showing definitively
the presence of Z.* = ' Tt* resonances (tetraquarks’)

* Amplitude analysis of (Av = J/Y p K7), showing definitively
the presence of Pt — J/\) p resonances (pentaquarks®)

* For each: amplitude analysis, followed by model-
independent method (angular moments)

* Today: searches for similar states in new decay modes

LHCb-PAPER-2015-029]
LHCb-PAPER-2014-014]
LHCb-PAPER-2015-038]
LHCb-PAPER-2016-009]

* In the broad sense, including meson-meson/meson-baryon molecules.

|7


http://arxiv.org/abs/1507.03414
http://arxiv.org/abs/1404.1903
http://arxiv.org/abs/1510.01951
http://arxiv.org/abs/1604.05708

B |/p & K*
* Many prior studies of (J/{) @) system.

e Different experiments; inclusive, exclusive, ...

* Situation unclear. Slide by Tomasz Skwarnicki, MESON2016 (link)

26

Confusing experimental situation concernt

a0 ® B=JiyoK X Jhyo states pB—Jyd...

LHCH Tetra- and Penta-quarks in LHCb, T. Skwarnicki Meson 2016
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http://meson.if.uj.edu.pl/indico/event/3/session/1/contribution/16/material/slides/0.pdf

Candidates/(1 MeV)

B |/p & K*
* Many prior studies of (J/{) @) system.

e Different experiments; inclusive, exclusive, ...

e Situation unclear.

* Today: new results with 3/fb of LHCDb data.
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LHCb-PAPER-2016-018 & LHCb-PAPER-2016-019 (preliminary)
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B*— J/Y ¢ K*

Q: Can data be described with only conventional (K™ — ¢ K*)
resonances only?

. —=— data
A: No, based on amplitude < !2°F \ * —— total fit (K*s)
fit with all known or —— background

expected kinematically
allowed kaon resonances.

(p < 107)

Candidates/(10 MeV)
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Method: add combinations of (X = J/Y &), (Z — J/Pp K*)
resonances, refit data, see what's necessary to describe it.

LHCb-PAPER-2016-018 & LHCb-PAPER-2016-019 (preliminary)
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http://dx.doi.org/10.1103/PhysRevD.32.189

B*— J/Y ¢ K*

Best model requires (X — J/P @) but not (Z — J/P K*) states.

Contri- sign. preliminary F'it results PC
bution  or Ref. My [ MeV | [y [MeV | F.F. % J
All X(17) 16+£3 5
(X (4140) n 4146.5+4.5 758 83421131 13+£3.275%) 1+ (5.70)
ble 1 4146.9+2.3 17.8+6.8
(X 4274 - 4273.34+8.3F172  56+117+ 8 7.1+£2.53%) 1+ (5.80)
CDF 27] 4274478 F+£19 32F2 £
CMS 24]  4313.845.3£7.3 38713 £16
All X(07) 28+ 5 */
NRJ/@@ 6.4o 4611 +%11
X (4500) 4506+11 12 02421720 6.64+2.4737) 0 (4.00)
X (4700) (5.60) 4704+107 +T4 120+£317F +Ig 12+ 5+_§% 0** (4.50)
Additional X states: significance < 20 Disclaimer: absence of evidence
Additional Z states: significance < 3.10 's not evidence of absence.

LHCb-PAPER-2016-018 & LHCb-PAPER-2016-019 (preliminary)
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Ao = JIP p (K/TT)"
*A\p = J/W p K™ studied previously: two P.* = J/b p

i A) = J/yp K~

PRL |15 (2015) 072001 [LHCb-PAPER-2015-029]
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LHCb-PAPER-2016-015 (preliminary)
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http://arxiv.org/abs/1507.03414
http://arxiv.org/abs/1507.03414

No = |/ p TT”
e Similar approach to B*— J/\p ¢ K* discussed before

* Null hypothesis: only N~ = p TT™ resonances

* Limited stats => focus only on known P, Z. states
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LHCb-PAPER-2016-015 (preliminary)
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No = J/D p TT7
* Full model fits the data better than N*-only model
e Full model = SN* + P(4380)* + P(4450)* + Z(4200)

 "Better" = 3.10 compared to N*-only model

* Therefore: evidence for presence of exotic hadrons
in this A\, decay mode too.

* But: not enough stats yet to say which ones

* Individual contributions not significant

* Interference makes it tricky to disentangle them

* Bottom line: consistent with (A, = |J/\P p K7) but

not an independent 50 confirmation yet.
LHCb-PAPER-2016-015 (preliminary)
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Less new, still exciting

Mat Charles — LHCP — Lund — |3 June 2016
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Angular analyses of rare decays
B K*O,Lfr,uulg _>¢,U,U
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http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1506.08777
http://arxiv.org/abs/1503.07138

Lepton universality?
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http://arxiv.org/abs/1506.08614

CKM.physms
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Charm, spectroscopy, ...
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...and yet more

... heavy ion physics, forward electroweak, QCD, lifetimes, more
charm, more spectroscopy, dark matter, more everything!

Monday, Performance: Real-time physics: novel concepts for trigger, calibration & alignment, and data processing with LHCb (Lucia Grillo)
Tuesday, QCD: QCD Results from LHCb (Giovanni Passaleva)

Tuesday, Heavy lon: First LHCb Results from pA and PbPb collisions (Laure Marie Massacrier)

Thursday, Heavy Flavour: New results in semileptonic beauty decays with LHCb (Laurent Dufour)

Thursday, Heavy Flavour: New results in LU/LFV tests with LHCb (Jessica Prisciandaro)

Thursday, Electroweak:Vector Boson studies in LHCb (including AFB results from all experiments) (Murilo Santana Rangel)
Friday, Heavy Flavour: HF Production results at |13 TeV with LHCb (Max Neuner)

Friday, Heavy Flavour: New results in beauty and charm spectroscopy with LHCb (Roberta Cardinale)

Friday, Exotics & Dark Matter: Searches for exotic new physics with LHCb (Bartlomiej Rachwal)

Friday, Heavy Flavour: CPV in beauty decays with LHCb (Frank Meier)

Friday, Heavy Flavour: CPV in charm decays with LHCb (Denis Derkach)

Saturday, Plenary: LHCb upgrade plans & potential (Alessandro Cardini)

Monday, QCD: Impact of LHC measurements on parton density functions (Katharina Mueller)

Monday, Outreach: LHC Masterclasses. Bringing Particle Physics into the Classroom: Present and Future (Vladimir Gligorov)
Tuesday, Plenary:Vector boson (plus jets) physics in pp collisions at the LHC (Murilo Santana Rangel)

Friday, Upgrade (LHC & experiments): Flavour at HL-LHC (Giovanni Punzi)

Friday, Plenary: Heavy flavour production and spectroscopy at the LHC (Michal Kreps)

Friday, Plenary: CP violation, mixing and semileptonic decays in beauty and charm at the LHC (Matthew David Needham)
Friday, Plenary: Rare decays of flavoured mesons at the LHC (Albert Puig Navarro)

Friday, Exotics & Dark Matter: Searches for heavy neutrinos, LFV (Raja Nandakumar)
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Forthcoming attractions

* Very excited about Run 2. Will these hints hold up?
* Testing ideas for trigger and DAQ ahead of upgrade

* Approved upgrade: Lots and lots of work to do
*...s0 we can raise lumi and trigger efficiency

 Complete overhaul of tracking systems

— see talks by Alessandro

* Further ahead: preparing for success Cardini, Giovanni Punz

* Thinking about a possible far-future upgrade

* Once more unto the breach!
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The LHCb experiment has collected large samples of
heavy flavoured hadrons during Run |, corresponding to an
integrated luminosity of 3.0/fb at pp centre-of-mass
energies of /7 and 8 TeV. Data-taking at a CM energy of |3
TeV has now begun. The current status of LHCDb after the
2016 restart will be presented. Key results from LHCb will
be summarised, with emphasis on the most recent.
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