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Physics motivation for proton-nucleus studies

e Proton-nucleus collisions allow QCD studies at low x and high gluon densities but also provide reference for heavy ion studies

e The study of pA collisions provides important input to:

— Disentangle the Quark Gluon Plasma (QGP) effects from Cold Nuclear Matter (CNM) effects

— Probe nuclear parton distribution functions (which are poorly constrained)

— Provide a reference sample for nucleus-nucleus collisions

Initial state effects:

e Gluon shadowing!
e Gluon saturation?
e Radiative energy loss’

e Cronin effects®

Neither initial nor final:

o Coherent energy loss®

! JHEP 0904 (2009) 065

2Nucl. Phys. A770 (2006) 40

3Lett. 68 (1992) 1834

“Phys. Rev. D, 11:3105, 1975 8Phys. Rev. Lett. 109 (2012) 122301
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Final state effects:
o Nuclear absorption’

o Radiative energy loss®

e Comovers’

Phys. A700 (2002) 539
®Phys. Rev. C61 (2000) 035203
TarXiv:1411.0549v2
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The LHCDb experiment

LHCb 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 LOcato
(VELO)

EM & Hadronic
calorimeter

Tracking stations
Muon stations

See Johan’s talk: Summary and news from LHCb JINST 3 (2008) S08005, IIMPA 30 (2015) 1530022
241052016 4716
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The LHCDb experiment

LHCh .
]
I
10 8 6 4 2 o 2 4 6 8 10
ALICE "
— Characteristics
| |
— e Impact parameter: op = 20 pm
9 4 ¢+ 4+ 4 3 ¢ ¢ ¢ : e Momentum resolution: Ap/p = 0.5 ~ 0.8% (5 — 100 GeV /¢)

ATLAS e RICHK — 7 separation: (K — K) ~ 95% mis-IDe(m — K) ~ 5%

]
T . = o Muon: (i — ) ~ 97% mis-IDe(m — p) ~ 1 — 3%
0 -8 s 4 2 0 2 4 s 8 0 e Acceptance2<n <5
CMS+TOTEM n o Fully instrumented in the forward region
I — Heavy Ion physics studies in a unique kinematic range
= = = — Complementary measurements to other LHC experiments
o & 6 -4 2 0 2 4 & 8 e Forward and backward coverage using p-Pb and Pb-p beams
n
mmmsssss muon system
hadron PID
mssmm— HCAL
e ECAL
tracking
lumi counters
See Johan’s talk: Summary and news from LHCb JINST 3 (2008) S08005, IJMPA 30 (2015) 1530022
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Accessible x — Q? range in p-Pb collisions
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Accessible range in p-Pb collisions
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[Jeuc DIS + DY
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Z production

103
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LHCb probes two different regions in x-Q? plane: X|p = %eiy
Complementary to ATLAS and CMS

Sensitivity to nuclear PDF at large x5 and low xp ~ 2 x 10~*

X4: Momentum fraction carried by a parton inside the nucleon
bound in the lead ion

24/05/2016 6/16
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Proton-Lead data taking
p-Pb configuration (Forward) Pb-p configuration (Backward)
e Beam | energy: E, = 4 TeV e Beam | energy: Ep, = 1.58 TeV
e Beam 2 energy: Ep, = 1.58 TeV e Beam 2 energy: E, = 4 TeV
e y —y* = 40.47 in lab system e y—y* = —0.47 in lab system
e Rapidity coverage: 1.5 < y* < 4.4 e Rapidity coverage: —5.4 < y* < —2.5
e Data used in this analysis: £ =0.106 nb—! e Data used in this analysis: £ =0.052 nb—!

HCAL HCAL
ECAL Ms ECAL

SPDFS w M SPDFS

2 M RIC

Mo MS
M

e Common range for measurements: 2.5 < |y*| < 4.4
o Center-of-mass energy : \/sNN = 5 TeV
e Data collected in the proton-ion runs in 2013 (Using here 10% of the total £)

Alvaro Dosil Sudrez 24/05/2016
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Prompt D signal yield

o DO reconstructed through D — K7 F decays:
— 0GeV/c < pr(D°) < 8GeV/c
— Tight requirements on Particle ID and vertex displacement

— Reconstruction and Particle ID efficiency calibrated using data P

a
o DY yields obtained from two fits: “....B-(;“‘“'"'"

— D° yield determined from a fit to the M(K) distribution
— Fraction of D-from-b determined from logjo (x5 (D")) distribution

3
~ . . 1 ¢ FG . .
g LHCb preliminary E = LHCb preliminary
istribution: 8000 1 3
o Full distribution: - \/ST =5TeV ] [ ] \(s,T =5TeV
modified Gaussian 7 N ] s ™ 7
a Forward 1 s Forward
o Prompt D® and é 6000F 4 paa ] > e Signal: Crystal Ball
DO-from-b signal shape LI :ggz:"Bkg 1 5 ¢ Background: Linear
from simulation 4000p " Bkg ] O function
0 B
e Background shape ---D-from-b 1
2000
from data
1 1
-4 -2 1800 1850 1900

0 2
log(x2,(D) M(K 1) [MeV/c]
LHCb-CONF-2016-003
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Forward:

Backward:

Prompt D° signal yield
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Events/(4 MeV/c)

Events/ (4 MeV/c)
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Prompt D double differential cross-section
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o opwa(pr < 8GeV/c, 1.5 < |y*| < 4.0) =237+ 1 + 15mb
o opya(pr < 8GeV/c,2.5 < |y*| < 5.0) =259 +3 + 19 mb
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Prompt D one dimensional differential cross-sections
d d * .
dpe VS PT @ Vs ly*l:
= T T T T T 1T = 200— T T T T T
) - [ T ]
S 10 — LHCb preliminary e 3 LHCb preliminary
) E —_— PPb {§ =5 TeV E = r PPb SN =5 TeV ]
O | — " ] 3% 1500 " .
S o E L ]
E. 10F == E - , ]
- F —_ —_— ] 100~ —— 7]
ola” F 1 L —— ]
Ol [ —— ] L — i
—+- Forward, L5<ly*l<d  —g— 501 —+ Forward ]
1 5_ —— Forward (x0.5), 2.5<|y*|<4 _E | —¢- Backward B
' —— Backward, 2.5<|y*|<5 — E = E
[ —$— Backward (x0.5), 2.5<|y*|<4 — B 1
. [T —t ob—mo vt 0 C
0 2 4 6 8 2 3 4 5
p,(D%) [Gevic] Iy*|

LHCb-CONF-2016-003

Alvaro Dosil Sudrez 24/05/2016 11/16


http://inspirehep.net/record/1437994

Introduction Results Summary and prospects

o 0000
000 °
o 000

DY production cross-section in pp@5 TeV

o LHCb measurement of app(D°) at /SNxn = 5 TeV is not available yet
— Extrapolation from previous measurements at \/s\y = 7 TeV and (/syy = 13 TeV

3
g W
= [ LHCDb preliminary il
@) L 4
ol -LHCb i
L — Linear J
L — Exower Iavyal ] p1(y/s)P0 power law
i — Exponenti av/s = 4 p1 + pov/s linear
1+ i p1(1 —exp(—/s/po)) exponential
o- ' -

oY (5 TeV, pr < 8 GeV/c,2.5 < |y*| < 4.0) = 713 =+ 95(LHCb) + 47(fit model) zib
JHEP 1603 (2016) 159, Nucl. Phys. B871 (2013), LHCb-CONF-2016-003
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Prompt D nuclear modification factor

. doppy (v ,pr,+/SNN) /dy* dpr
e Calculated using: R * S —1%% PT
g Rppo (Y™, P15 o/ NN) A Popy(y* 010 /o) /dy* dpT

e Theoretical predictions from: NLO MNR computed using CTEQ6M and EPSOONLO

Forward: Backward:
g r——T—— T T £25F —— T T
ot I\]:Tci)sp;i{/mmary —4+—LHCo ] o f IJ:V—CPsp;i{,mmary —+— LHCb ]
L N CTEQBM+EPSOINLO | - N~ CTEQBM+EPSOONLO ]
15+ Forward = QB+ ] 2F Backward B QB+ i
h ] 15F e
1 e dns H

e Results consistent with theoretical predictions

e Uncertainties dominated by opp extrapolation
Nucl. Phys. B373 (1992) 2959, JHEP 10 (2003) 046, JHEP 04 (2009) 065
LHCb-CONEF-2016-003
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e Calculated using: Rppy (Y™, Pr, v/SNN) =
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Prompt D nuclear modification factor

1 dopen(y*,pT,+/SNN) /dy* dpr

T A oy (y*,pr,v/SNN) /dy*dpr

e Theoretical predictions from: NLO MNR computed using CTEQ6M and EPSO9NLO

2

£
%

15}

—— ——
LHCDb preliminary
pPb \/§\=5 TeV

—— LHCb
555 CTEQBM+EPSOINLO

0.5
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e Nuclear modification factor smaller in forward sample
e Results consistent with theoretical predictions

e Uncertainties dominated by oy extrapolation

Nucl. Phys. B373 (1992) 2959, JHEP 10 (2003) 046, JHEP 04 (2009) 065
LHCb-CONF-2016-003
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Prompt D° forward-backward ratio

P * — oppp (Y™ [5pT54/5NN)
o Calculated using: Rrg (¥*, pT, v/SNN) = e g v o

e Results independent of opp

e Many uncertainties cancel

Els T T b’ eI| T T T T T T T T T T T Els T 'bl 'e|' L L

I LHCb preliminary . 1 I LHCb preliminary 1

e L PPD G5 TeV 25<|y*|<4 1 e PPD G5 TeV P;<8 Gevic 1
1_
05 — stat. uncert. _ 05-_

1 [Jtotal uncert. . 1 [Jtotal uncert. -

I ¥ CTEQ6M+EPS09NLO 1 I ¥ CTEQBM+EPS09NLO 1

L n n n 1 n n n 1 n n n 1 n n n ] L PURFSSU ( U S S (NS SR S BT S S S S ]

0O 2 4 6 8 00 1 2 3 4 5

P, [GeVic] ly*|

o Significant forward-backward asymmetry

e Results agree with theoretical predictions
Nucl. Phys. B373 (1992) 2959, JHEP 10 (2003) 046, JHEP 04 (2009) 065
LHCb-CONEF-2016-003
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Summary and prospects
Summary

e We studied the D° production in proton-lead collisions using 0.106(fwd) + 0.052(bwd) nb—!, 10% of the whole data collected by
LHCb in 2013

e Calculated nuclear modification factor
e Calculated the forward-backward ratio
e Observed a strong cold nuclear matter effect

e Results are compatible with theoretical predictions

Prospects

o Working on the measurement of opp(D°) at 1/Snn = 5 TeV
e Working on an update:

— Analyse the whole pPb integrated luminosity available
— Optimize selection cuts to improve the PID efficiency uncertainty

= More precise measurements of Ryp, and Rpg will come up soon

Alvaro Dosil Sudrez 24/05/2016 16/16
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e Calculated using: Rypy (y*)=

e Results require interpolation of pp cross-section to \/sNy = 5 TeV

Summary and prospects

J/1) nuclear modification factor

1 doppy /dy”
A dopp /dy*

Rppy of prompt J/2)

r
o
o

o

EPS09LO (CSM): PRC88 (2013) 047901, Nuclear Physics A 926 (2014) 236

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

0

TETT

T T T [T T T

LHCb

LH P
pPb 5 = 5 TeV —e— LHCb, Prompt J/y

p, <14 GeV/c

EPS09 LO $
EPS09 NLO )

P N PR A FEr AR |

nDSg LO o

—— E.loss -

------- E. loss + EPS09 NLO q

P ST NSNS S RN S SR T R S S i
-4 2 0 2 4

EPS09LNO (shadowing + CEM): IIMP E 22 (2013) 1330007
Energy Loss: JHEP 03 (2013) 122, JHEP 05 (2013) 155
nDSg LO: PRC88 (2013) 047901
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Rppy of J/4) from b

g 1.6 T T T T T T T T T ]
s T C LHCb ]
o LE pPb {8 = 5 TeV —#— LHCb, Jiy fromb
£ p, < 14 GeV/c ]
1.2 =
1 + ]
0.8 >—+—< 3
0.6F =
0.4 =
0.2 EPS09 LO 3
r nDSg LO q
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y

JHEP 02 (2014) 072
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J/1) nuclear modification factor

e Calculated using: Rppp (y* ):% %
PP

e Results require interpolation of pp cross-section to \/sNn = 5 TeV

Rppy of prompt J/2)

g T T T T T T T T
o E LHCb LHCb. P
o 14 b, pPb 5 = 5 TeV —— LHCb, Prompt J/y
LY p, < 14 GeV/c
1.25

T

1,
08 el
0.6F
E EPS09 LO
0.4F EPS09 NLO
F nDSg LO E
0.2:— —— E.loss —:
F ---- E.loss + EPS09 NLO ]
0 Co vy PR RN SR S SR NS S BT

ol b b b b |

-4 -2 0 2

e A suppression of ~40% at large rapidity is observed

e Measurements agree with most predictions
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—#— LHCb, J/y from b
p, < 14 GeV/c
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e T T
= LHCb
1.4F pPb s, =5 TeV
1.2
1= +
0.8
0.6
0.4
0.2 EPS09 LO
r nDSg LO
0'. I S RS
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0 2 4

e Modest suppression of J/2) from b in the forward region

e Theoretical predictions agree with the measurement within 1o

JHEP 02 (2014) 072
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J/1) forward to backward ratio
.o _doppy /dy*
e Calculated using: RFB(y*)—W
e Results does not require interpolation of pp cross-section
e Many uncertainties cancel
Prompt J/2) forward to backward ratio J/p from b forward to backward ratio
E1_4,,..l,..,l..,,l.,..l,..,_ 51.4_1v-l|-lv-|v--v|--nv|nv-n_
o L LHCb ] ('] H LHCb LHCb, J/y fromb -
F PPb 5., =5 TeV —#— LHCb, Prompt Jiy - ] B PPb 5., =5 TeV - Y 1
1.2 p, <14 GeV/c n 1.2~ p, <14 GeV/c ]
1k ] 1| .
0.8F - 0.8f -
L EPS09 LO 1 L :
0.6 EPS09 NLO - 0.6 .
F nDSg LO - F 4
[ —— E.loss b r EPS09 LO ]
0.4 . - E. loss + EPS09 NLO | ] 0.41~ nDSg LO | | ]
TN S S N T S S S [N SO SO B PR R T IS T T I TR SN T I T S P T I R
0 1 2 3 4 5 0 1 2 3 4 5
Iyl vl
e Significant forward-backward asymmetry R |
[ ~
e Measurements agree with most predictions B JHEP 02 (2014) 072
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J/1) forward to backward ratio

J/p and J/1) from b forward to backward ratio

S
o 16¢ LHCb —e— LHCb, Prompt Jiy 1
1.4 pPb {5, =5TeV —#— LHCb, J/y fromb
c 25<|y|<4.0 1

12F 3 o Calculated using: RFB(pT)z%
1[- ]

e Results do not require interpolation of pp
cross-section

0.8

--------------------- e Theoretical predictions only available for prompt

0.6 ; - i
0.4 Prompt J/y 7 e EPSO9(NLO) + energy loss agrees with prompt
E EPS09 NLO E J/1p data (except at low pr)
0.2~ E.loss . e Rpp ~ 1 for J/2) from b
Foo--- E. loss + EPS09 NLO 1
o v T
0 5

JHEP 02 (2014) 072
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1(2S) forward to backward ratio
_doppp /dy”

e Calculated using: RFB(y*)—W
P

e Results does not require interpolation of pp cross-section

e Part of experimental and theoretical uncertainties cancel

*
Rrp (y ) Rep (pT)
e T ] P o s E —
R, 50 —4— Inclusive W(2S) ] x , 5 E V// EPS09 NLO —— Inclusive W(2S) B
“F EPS09 LO —# Inclusive J/y ] TE — s i Inclusive J/y :
L 7 vpsooNLO pp<14GeVie 7 A o EBSOO NLO 25<hi<a0 ]
2r uDSg LO - 2F 3
[ —— E.loss B L ]
C LHCb b o ]
15k T E. loss + EPS09 NLO pPb \ym=5Tev - 15:_ ; 3
1F ] ik
F e ] E—9
s - 0.5 E
e T ] E LHCh pPb {5y = 5 TeV ]
0 NPT RS S RS . oo s ]
0 1 2 3 4 5 0 5 10
Iyl P, [GeV/c]

e Large experimental uncertainties
— Rgp of inclusive (2S) compatible both with unity and with suppression of inclusive J/1)

arXiv:1601.07878
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Ratio between Iippb of 1/(2s) and J/v

e Ratio is calculated as:

R“’(m Rw(zs) (5 TeV) J/w (7 TeV) RV (5 Tev) J/"/’(7 Tev)
R= ~ assuming —D ~
= 1/1/)(29) ~ J/w(zs) (5 Tev) Rw(zs) (5 TeV) B g q,(zs) 5 Tev) R:/;g‘ﬂs) 7 Tev)
Ratio for prompt ¢(2S5) and 1;)(25) from b Comparison of ratios for prompt 1 (25)
k 1.6 L 1 1 1 1 1 . k 16 L 1 1 1 1 1 -
“F LHCb E “F LHCb —@— LHCb, {5, =5TeV ]
1.4F PPb \syy =5 TeV 3 1.4F PPb \syy =5 TeV —@— ALICE, |s5,,= 5 TeV 3
1o P, <14 GeVie 3 1o P, <14 GeVie PHENIX, {syy=0.2TeV 3
1f- ' ¥ 1E E
0.8F 3 0.8F 3
0.6 $ 3 0.6 % } . =
0.4F = 0.4F 3
0'25_ —&— LHCb, prompt y(25) _E 0'25_ . _E
3 —#— LHCb, y(2S) from b 7 F Inclusive w(25)
0 1 1 0 1 1 1 1 1
4 2 0 2 4 4 2 0 2 4
Y Y

e stronger suppression of prompt ¢)(2S) than that of prompt J/2» e Results for inclusive 1(2S) compatible with ALICE
ALICE: JHEP 12 (2014) 073, PHENIX: Phys. Rev. Lett. 111 (2013), no. 20 (202301), LHCb-PAPER-2015-058
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1(2S) nuclear modification factor

I/, $(28) _ pl/Y
e Calculated from Rpr : Rpr = Rpr X R
Prompt ¥(2S) P(2S) from b Inclusive (2S)
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