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» The LHCb detector and pPb data taking
» Physics motivation

» 1 (2S) production and cold nuclear matter effects in

pPb collisions at 5 TeV

» ] /W and Y production in pPb collisions at 5 TeV

» Summary



LHCb detector JINST 3 (2008) S08005

Pseudorapidity acceptance

Dedicated to beauty and charm physics 2<n<5
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can also contribute to heavy-ion physics ...



LHCb in a nutshell

Int.J.Mod.Phys. A30 (2015) 1530022

Impact parameter: o;p = 20 um
Proper time: o, = 45 fsfor B —» J /Y or Dim
Momentum: Ap/p = 0.5 ~0.8% (5-100 GeV/c)
Mass : o, = 8 MeV/c? for B - J /X (constrainted my y)
RICH K — m separation:  ¢(K - K) ~ 95% mis-ID e(r » K) ~ 5%
Muon ID: e(u—->u) ~97% mis-IDe(m > u) ~1—3%
ECAL: AE/E = 1@ 10%/,/E(GeV)
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Beam configuration
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» Asymmetric beam energy
v E, =4TeV
v Ey = 1.58 TeV for lead beam
v' /Syny = 5TeV
v’ rapidity shift Ay = +0.465
» Rapidity coverage
(in nucleon-nucleon cms frame)
v Forward direction (pPDb)
1.5<y <40
v Backward direction (Pbp)
—-5.0<y<-=25
» Common coverage
v 25<|y| <4.0

15m

Integrated luminosity after data quality:
Forward (pPb) :1.1nb?

Backward (Pbp): 0.5 nb™?!




Physics motivation

» pA collisions are important to study cold nuclear matter effects

» Cold nuclear matter effects are of great interest by themselves,

in addition to QGP studies

» Insight to unexplored region of QCD phenomena

» Constrain nuclear Parton Density Function (nPDF) at low x

over wide Q?

» LHCb can play an important role

» Unique rapidity coverage
with full particle identification
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Y(2S) production and cold nuclear matter
effects in pPb collisions at \/syy = 5 TeV

[ LHCb-CONF-2015-005 ] Ii



Analysis strategy
> Reconstructed using ¥(2S) — u*u~ decay channel

» Measurement performed in bins of pp and y

do _ NCTT(yp(2S)-utu~)in pr (¥) bins
dpr(dy)  LxB@(2S)-utu~) x Apr(Ay)

> B(Y(2S) » ete™) = (7.89 + 0.17) x 1073 used instead of

B (2S) » utu™) = (7.9 4+ 0.9) x 1073 assuming lepton universality

» Prompt Y(2S) and Y (28) from b separated by

M
pseudo proper time t, = (zy, — zZpy) X —fp” N
p

VA

Note:
\/ b
]:)\ . :
Cold nuclear matter effects on ¥(2S5) fromb _ _~ : _____ s
reflect those on b hadrons!



Y(2S) signal extraction

LHCb-CONF-2015-005

> Yields of prompt ¥ (25) and Y (28) from b in each bin extracted
from simultaneous fit to mass and pseudo proper time t,

Mass distribution

v’ Signal: Crystal Ball
v’ Background: exponential

* t, distribution

v

v

v

Prompt signal
6-function @ fres
non-prompt signal
exponential @ fes
background

empirical functions from
sidebands
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Total Y (2S) cross-sections in pPb

LHCb-CONF-2015-005
op(prompt,+1.5 <y < +4.0) =138+ 17+ 8ub
og(prompt,—5.0 < y < —2.5) = 93+25+ 10 pub
op(from b, +15<y<+4.0)= 54+ 8+ 4ub
og(fromb,-5.0 <y < —-25)= 20+ 8+ 4ub

(pr <14 GeV/c)

Systematics dominated by mass fit and t, fit model

Source Forward Backward
prompt from b  inclusive ‘ prompt  from b inclusive

Correlated between bins

Tracking 1.5 1.5 1.5 1.5 1.5 1.5
Muon identification 1.3 1.3 1.3 1.3 1.3 1.3
Trigger 1.9 1.9 1.9 1.9 1.9 1.9
Luminosity 1.9 1.9 1.9 2.1 2.1 2.1
Branching fraction 2.2 2.2 2.2 2.2 2.2 2.2
Track quality et al. 1.5 1.5 1.5 1.5 1.5 1.5
Mass fit 38—-69 03-39 32-82(92-10 16—-20 3.0-54
Uncorrelated between bins

Multiplicity weight 0.7 0.7 0.7 1.7 1.7 1.7
MC kinematics 06—-10 04—10 02-98 1.4 2.4 0.7—23
t. fit 1.6—-12 03-92 01—-18 |14—-78 85—29 0.1-17




Differential cross-sections of Y)(25)
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Forward-backward production ratio Rgg

» Independent of pp cross-sections

LHCb-CONF-2015-005
JHEP 02 (2014) 072

» Part of experimental and theoretical uncertainties cancel
» Consistent with theoretical calculations
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Relative suppression

» Suppression relative to J /i
R;”lﬁﬁs) ;pp(ﬁs)(S TeV) ¢J/¥(5 TeV) a;"’l,(ﬁs)(S TeV) ¢)/¥(7 TeV)

R Il (5TeV) oV (5Tev)  albl(5TeV) af* (7 Tev)

LHCb-CONF-2015-005

R

» Suppression of prompt yY(2S5) stronger than that of prompt J /i
» Same suppression expected for 1 (2S) from b and J /Y from b
» Results for inclusive Y (25) consistent with ALICE
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Nuclear modification factor R,,p}, for /(25)
LHCb-CONF-2015-005

I/ 1/¢ JHEP 02 (2014) 072
» Assuming —22 ~ = R ~ RV %R
& a,/$*% (5 TeV) a;/’ézs)w TeV) pPDb pPb

» Prompt Y (2S5) more suppressed than prompt J /1

» Suppression of P (2S) from b consistent with that of /i from b
» Suppression of inclusive ¥ (2S) consistent with ALICE

» Theoretical calculations underestimate prompt 1 (2S5) suppression
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J/W and Y production and cold nuclear
matter effects in pPb collisions at \/syy =
5TeV

[ JHEP 02 (2014) 072, JHEP 07 (2014) 094]



Signal extraction JHEP 02 (2014) 072
JHEP 07 (2014) 094

» Reconstructed using dimuon final states
» Prompt J /1 and J /3 from b separated by fits to mass and ¢,
distributions
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Nuclear modification factor for J /i and Y(15)

JHEP 02 (2014) 072

> Significant suppression for prompt J /1 in forward ~ /HEP07(2014) 094
» Compatible suppression between Y (1S5) and b hadrons
» Possible enhancement of Y'(18) in backward consistent with

antishadowing effect

» Consistent with theoretical calculations considering energy loss
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Summary

> LHCb recorded about 1.6 nb~! pPb data in a unique kinematic
range with full particle identification

» Production cross-sections measured for J /1, P (2S), Y (nS)
* Prompt /Y (Y (25)) and J /¢ (P (25)) from b separated

» Nuclear modification factor R, p}, and forward-backward
production ratio Rgg determined for prompt J /1, prompt Y (25),
b hadrons (via Y from b), and Y(15)

* Suppression of prompt 1 (25) stronger relative to prompt J /¢
* Y(2S) from b, ]/ from b and Y(15) show consistent results

» Looking forward to more heavy-ion results using RUN Il data
* p+ AandPb + A fixed-target data (A = Ne, Ar, etal)

* pPb collisions with more statistics
* PbPb collisions
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Thank you!
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Z production and cold nuclear matter
effects in pPb collisions at \/syy = 5 TeV

[ JHEP 09 (2014) 030 ]



Z production in pPb collisions

JHEP 09 (2014) 030

» First observation of Z boson production in pPb collisions at
\VSNN = 5TeV
> 7 reconstructed using Z —» utu~ decays

» Kinematic region:
pr(ut) > 20 GeV/c, 2.0 < n(ut) < 4.5,60 < m(utu~) < 120 GeV/c?

» Clean signals: 11 candidate in forward, 4 candidates in backward
Purity > 99% determined in data
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Z production in pPb collisions (cont.)

JHEP 09 (2014) 030
> Cross-sections:

G;Vlﬁ+u_ = 13.512>%(stat.) + 1.2(syst.) nb
azbl"&r y- = 10.7*2%(stat.) + 1.0(syst.) nb

» Forward-backward production ratio
Reg(2.5 < |yl < 4.0) = 0.09413:392 (stat. ) ¥3:997 (syst.)
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