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The LHCDb experiment

LHCD is a forward spectrometer designed to study flavour physics but actually it is a general purpose detector, capable to do also heavy
ion and fixed target physics

Cherenkov detectors
(RICH)

VErtex LOcator

EM & Hadronic

Tracking stations -
calorimeter

Muon stations
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
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The LHCDb experiment
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Proton-Lead data taking
p-Pb configuration (Forward) Pb-p configuration (Backward)
e Beam 1 energy: E, = 4 TeV e Beam 1 energy: Ep, = 1.58 TeV
e Beam 2 energy: Ep, = 1.58 TeV e Beam 2 energy: E, = 4 TeV
® Map — 1 = +0.47 in lab system ® Map — 1 = —0.47 in lab system
e rapidity coverage: 1.5 <y < 4.4 e rapidity coverage: —5.4 <y < —2.5
e collected data £ =1.1 nb™! e collected data £ =0.6 nb™!

EcaL HCAL
SPDPS.

Mo MS
M3

wicu
I

e Common range for measurements: 2.5 < |y| < 4.4
e Center-of-mass energy : /Sy = 5 TeV

e Data collected in the proton-ion runs in 2013
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Summary and prospects

Theoretical frame of the Two-particle correlations

Initial state effects:

e Local anisotropy of target fields

e Spatial variation of partonic density

e Glasma graph contributions to particle production within the
CGC approach to high-energy hadronic scattering

— Numerical calculations reproduce the systematics of ridge
correlations
— The physics underlying is not clear

Final state effects:

e Hydrodynamic-based models:

— Describe qualitatively features of the high multiplicity pp and pPb
data
— Challenging to explain the physics process of the pp final state

Expectations for all the models do not depend on the pseudorapidy

Alvaro Dosil Sudrez
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Figure from: Physics Letters B 697 (2011) 21-25
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http://www.sciencedirect.com/science/article/pii/S0370269311000487
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Two-particle correlations in p-Pb and Pb-p

e Measurement of two-particle angular (An, A¢)-correlations of prompt charged particles

e Motivation:
— Look for a long-range correlation on the near side (“the ridge”), which has been observed in PbPb collisions by the RHIC experiments and then
in PbPb, pp and pPb collisions by CMS, ATLAS and ALICE, at central rapidities () < 2.5)
— LHCDb can confirm the ridge at large rapidities (2 < n < 5)

Compare long-range correlations in both hemispheres (p and Pb direction) in relative and in common absolute activity ranges

Both beam configurations are analysed separately

pPb = L=046nb""!
Pbp = L =030nb"!

LHCb-CONF-2015-004
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https://cds.cern.ch/record/2037107?ln=en
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Selection and data correction

Event selection

% T T T

. . = p+Pb simulation

e Only events with 1 primary vertex (PV) E —allmeks

) i ] ) ) ) s — prompacks

e PV must be in a luminous region, defined as 3o0-range around the mean interaction point L2 7 secondary tracks ]

E ;
e Events with too small ratio between the number of clusters in the EM calorimeter and in the g 0 2) 3
VELO are rejected g \

10*

Track selection 10° s ‘ . L
1 2 3 4 5
1Py [mm]

e Select prompt particles by using impact parameter

o Select charged particles that traverse the full LHCb tracking system Lf [ I I "llﬂ_jlf“‘:‘d‘:ﬁ““" _
e Kinematic range: p > 2 GeV/c,pr > 150 MeV/cand 2.0 < n < 4.9 % ey ks _
£ b)
Corrections gl ]
o Assign per-track weights, w, to statistically correct contaminations and limited efficiencies g E
— Purity: w,(n, ¢, pr, N‘?‘E'zo) =1 — Ppake — Phec (fake tracks and secondary particles) 10° _ ) ) ) ) _
— Efficiency: we (1, ¢, pry NS ) = 1/(€ace X 1) (detector acceptance and track reconstruction) 0 1 2 3 n‘)‘w [mm?

w(n, é,pr, N p) = e e

LHCb-CONF-2015-004
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Activity classes and data samples

T T E
Activity class B
Em50-100% (ow) g

Events

Data samples

LHCb p+Pb

e Minimum bias: Randomly selected events. £ =2 95 pb~! (S =5TevV

e High-occupancy: Events with > 2200 VELO hits. £ ~ 764 ub~!

Event activity 2000 4000 6000 8000 10000

it
e Use VELO-hit multiplicity to measure the event activity NVeLo

— VELO surrounds the interaction point ] T T
. .. 5 Activity class
— most comprehensive measure of event activity g W 50100% (low)
i i 30-509% (med/|

— proportional to number of charged particles mw E Py %m ed.,;‘s%
e Hit-multiplicities in Pb-p greater than in p-Pb B o (Vggh'})gh)
e Relative activity classes LHCb Pb+p

— from low (50-100%) to very high (0-3%) event activity \Sw=5TeV

e Common absolute activity classes for Pb-p and p-Pb
— 5 bins from 2200-3500 VELO hits

2000 4000 6000 8000 10200
it

VELO
LHCb-CONF-2015-004
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Analysis method
1 d* Ny S(An, A
bar__ A, A9) Lo
Nirig dAndA¢  B(An, Ag)
LHCb prelimine LHCb pre
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1 &N, 2N
S(An, Ag) = L B(an, Ag) =
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Per-trigger particle associated yield for particle pairs, Nyqme, formed Yield of uncorrelated particles. Particle pairs, Ny, from
from the same event combinations from different events
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Ridge emergence

p-Pb configuration and pr € [1.0,2.0 GeV/c]

LHCb p+Pb y§,=5TeV
10<p <20 GeVic
Event class 50-100%

Low event-activity (50-100 %):
o A¢p = m — Away-side ridge
o A¢ = 0 — Jet peak

Alvaro Dosil Sudrez

LHCb p+Pb y§,=5TeV
10<p <20 GeVic
Event class 0-3%

High event-activity (0-3 %):
o A¢p = m — Away-side ridge
e A¢p = 0 — Jet peak + near-side ridge

Summary and prospects
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Ridge emergence
Pb-p configuration and pr € [1.0,2.0 GeV/c]

LHCb Pb+p \§,=5TeV
10< p, < 20GeVic
Event class 50-100%

LHCb Pb+p \§,=5TeV
10< p, < 20GeVic
Event class 0-3%

S 05 . = P
Zg == ‘:‘:':"‘ Z% . ' _,;I,::‘:“‘t;‘;‘:‘:‘::‘,t\\
%%_0.45 \ %%20-5 ““““‘ \\ .
0.4 V'Y ‘\‘ . / “"“’/-’.,' il e
2 "IMA‘“‘ A S5 /’&'M\\)\-\‘\“\}"‘”
e ) = s
l.!'"““‘ = 37§ S

Low event-activity (50-100 %):
e A¢p = m — Away-side ridge
o A¢ = 0 — Jet peak

High event-activity (0-3 %):
o A¢p = m — Away-side ridge
o A¢ = 0 — Jet peak + near-side ridge (very pronounced)

LHCb-CONF-2015-004
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Ridge emergence
High event activity class and pr € [2.0,3.0 GeV/c]

LHCb Pb+p \§,=5TeV
20< p, < 3.0GeVic
Event class 0-3%

LHCb p+Pb |§,=5TeV
20<p <30 GeVic

Event class 0-3%

-1 -2
p-Pb configuration: Pb-p configuration: o
e A¢p = m — Away-side ridge * A¢=m— Away-side ridge
. S e A¢ = 0 — Jet peak + near-side ridge (again much more
* A¢ =0 Jet peak + near side ridge pronounced than in p-Pb configuration)
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e Near side ridge is more pronounced in Pb-p than in p-Pb
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Common absolute activity ranges

LHCb {5y =5Tev
Activity bin|
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Ridge evolution

1.0< p, < 2.0GeVic

Activity bin I Activity bin 111 Activity bin IV

Activity binV

o
[

Cpyam=1.21 (p+Pb)
Czvam=1.04 (Pb+p)

Y (A9)-Czvam
o
S
3

o
qQ

0.00pe "5’ h

Cpyaw=142 (p+Pb)
Cayam=127 (Pb+p)

Cpyav=132 (p+Pb)
Czyam=1.16 (Pb+p)

Cpyam=L51 (p+Pb)
Czvam=1.38 (Pb+p)

T T T
Czvan=1.64 (p+Pb)
Czvan=154 (Pb+p)

e Five identical activity ranges for the p-Pb and Pb-p configurations (2200 < N %IS_O

°20< An<29

< 3500)

e The away-side and near-side ridge appear to be only dependent on the activity in the direction of the measurement
e The strength of the near-side ridges in both hemispheres are compatible with each other

o Different rapidity ranges in both beam configurations show no sizable effect

Summary and prospects

LHCb-CONF-2015-004
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Summary and prospects

LHCb is a general purpose experiment

Summary and prospects

Two-particle angular correlations produced in pPb collisions at v/Sxny = 5 TeV have been measured for the first time in the forward

region

A long-range correlation on the near-side (the ridge) is observed in both configurations p-Pb and Pb-p

The correlation structures on the near side and on the away side grow stronger with increasing event activity
In a given total event activity, the ridge is stronger in the Pb direction compared to in the p direction

For identical absolute activities, the ridges in both hemispheres are compatible

We expect to collect 50 — 80 ub~! of PbPb luminosity this year
We expect O(10 nb~1) of pNe and PbNe luminosity by the end of this year
In 2016 we plan to take pPb, pAr and PbAr data

In 2017 there will be no heavy ions run. We foresee to take one week of pAr

Alvaro Dosil Sudrez 26/11/2015
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Fixed Target Physics with LHCb

SMOG: System for Measuring the Overlap with Gas

“pump” valve  Flow to VELO  Pirani gauge

Evacuate and

“fill” valve
leak detector

PV501

High pressure
Piezo gauge

High pressure

“bypass” valve
i volume

PV502

“HP” valve

To high pressure
Neon bottle

SMOG can be used for fixed target physics:

e Injection of (Ne) gas into the interaction region

e very simple robust system

e used for a precise luminosity determination

e Precise vertexing allows to separate beam-beam and beam-gas contributions

e Strong acceptance effects as a function of the z possition

Alvaro Dosil Suirez
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