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Outline

* The LHCb detector

« Heavy quarkonium production in pPb
* Open heavy flavor production in pPb
* Fixed-target experiments

* PbPDb collisions

e SuUmmary
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The LHCb detector

A single arm general purpose detector at forward rapidity !
pseudorapidity acceptance 2 <n <5

Muon system
RICH: K/11/p separation u identification: e(u>p) ~ 97%
e(K>K) ~ 95% Mis-ID: g(tr>p) ~1-3%
Mis-ID: g(T>K) ~ 5%

Vertex detector
IP resolution ~
20pm
Decay time
resolution ~ 45 fs

Dipole magnet : Electromagnetic
Bending power 4 Tm Tracking system + hadronic
Aplp = 0.5% - 1.0%

(5 GeV/c — 200 GeV/c) calorimeters

JINST 3 (2008) S08005
IIMPA 30 (2015) 1530022 .
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The LHCDb detector %

] ALICE > ALICE

] + ] * central
2 0 2 4 6

« forward coverage for
8 10 muon only

« central detectors
D . B oo
84 6 -4 2 0 2 4 6 8

« forward detector

10 8 -6 -4

-10

M  tracking, particle-1D and
CMS+TOTEM calorimetry in full
il = epene
BN hadron PID
0 8 6 -4 2 0 2 4 6 8 10
N BN muon system
IS lumi counters
LHCb
B HCAL
I ECAL
tracking
0 8 6 -4 2 0 2 4 6 8 10
M
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LHCb pPb datasets %

* Rapidity Coverage

ECAL HCAL

Forward bR

! | * y*: rapidity in nucleon-nucleon cms
il * Yors = +0.465
 Forward: 1.5<y"<4.0
 Backward: —-50<y*< =25

« Common region: 2.5 < |y*| < 4.0

* /Syny = 5.02 TeV (2013, Run I)
« pPb (1.06 nbt) + Pbp (0.52 nb1)

HCAL
Backward B M
g
agne -~

RICH2 M1
T3

. JSww = 8.16 TeV (2016, Run 1)
« pPb (13.6 nbr) + Pbp (21.8 nbY)
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LHCDb: frontier experiment in phase space %

10 8.16 TeV‘pr | Other Coilision Systéms EP‘] Clo (2017) 1140
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10° pm ATLAS/CMS [ HERA > -
B ALICE o 14 .
105} S ALICE Muon D 19 L ] !
R
°§104. — 1.0 T
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Graphic by T. Boettcher

Thanks to boost, resolution, low-p; reach and fast read-out
» disentangle initial state from other phenomena

» constrain initial state

» sensitive to physics of the saturation scale
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Heavy quarkonium production in pPb collisions
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Separation of prompt J/y and J/iy-from-b %

@ 2016 pPb collision data, 8.16 TeV

@ Prompt J/v and J/v-from-b are extracted by simultaneous fit of mass and
pseudo-proper time: tz = (Z;/y -Zpv) XM,y / Pz

Forward Backward
:;300‘;2;,';‘7&;\},,"L;&;"'”' E ;éIZUUL;L',,‘;;(‘;;\lfQ"LHCD A Mass distribution:
E"}SOE_—‘;;-L;:-:-E&&()H \‘NN_SléTev ppb_ é]om—:jf(z‘fﬁ‘n:ljr-l_lzd?nn \\NN_S oTev l)bp— Signal' Crystal Ball
= - E - buckground. E = E - bzlu:kground + E '
g 20f " L A : Background: exponential
2 150} 1 E eof A .
© 1Y . ]
100} 3 400 | - . . .
: : ; Fo ; t- distribution:
50F - 200 K
r b r 1~ ] 1 . .
) e ] | A VN . Signal: § (tz) for prompt J/4;
0003030 3100\ PiMeVTen 0003030300\ P eV Exponential for J / -from-b.
z A [ Background: empirical function from
E \sn=8.16 TeV: pPb 2 : Vsx=8.16 TeV: Pbp Sid eba nd
= 10 6<p, <TGeVie 3 Ik 6<p,<7GeVic
g 35<y* <40 % -40<y*<-33
§UF 1 dwe K Total yields:
T prompt from-b
Forward: ~ 3.8 x 10°: ~ 6.7 x 10*

e — Backward: ~ 5.6 x_10°; ~ 7.1 x 10*
o e [PLB 774(2017) 159-178]
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b
Prompt J/Yp Rypp in pPb at 8.16 TeV %ﬂ

Nuclear modification factor is defined as:

Rpr

o _ 1 d%opru(pr,y*)/dprdy”
R P A=2
o lPTY ) = A Bop(pr,y7) /dprdy” .

@ In Fwd: suppression at low pt up to 50%, converging to unity at high pr
@ In Bwd: Rppp closer to unity. Intriguing low values in Bwd at low pr

@ Overall agreement with theoretical models. Compatible with pPb 5 TeV results.

Rppb vs. pt, Forward Rppb vs. pr, Backward Rppp vs. y™©
20— 220 ——————————— -
| CIHELAC — Onia with EPSOOLO | ‘& [ CJHELAC — Onia with EPS09LO0 | g4V 1~ —1 1+
HELAC — Onia with nCTEQ15 | HELAC — Onia with nCTEQ1S |5 | e e e e eas
. HELAC — Onia with EPSO9NLO 1 L . HELAC — Onia with EPSOONLO - - . HELAC - Onia with EPSOONLO
1.5 CGC n 1.5F 4 LHCb(8.16TeV) ] 15 B [ Energy Loss i
- 1 - 1 . CGC
4 LHCb (8.16 TeV) | i 1 i 4 LHCb (5TeV) ]
i i ‘ T~ 7 . 4 LHCb (8.16TeV)
10} 1.0 =g P+ 1ofs
0.5 % 1 osf 1 osh
I prompt J/y, pPb i prompt J/y, Pbp 1 : prompt J/y
I 15<y* <40 | i —50<y* <25 | - 0<pr<14GeVjc
[ LHCb ] [ LHCb ] i LHCb
ooLb—— 1 00—t 00t v
0 5 10 0 5 10 %50 —25 00 25 50
pr|GeV/c| pr|GeV/c]

[PLB 774(2017) 159- 178]
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Jlp-from-b R pp, in pPb at 8.16 TeV

Nuclear modification factor is defined as:

1 doppb(pr,y*)/dprdy”

Repu(pr,y™) =

iy

A = 208

A d2op(pr,y*)/dprdy* ’

@ In Fwd: suppression at low pt up to 30%, converging to unity at high pr

@ In Bwd: Rppp slightly above unity

@ Overall agreement with theoretical model. Compatible with pPb 5 TeV results.

-=
4 Ay
=
-m

Ropb vs. pt, Forward
ﬁ 2.0 — T r 1 1 7
2 [ [C]FONLL with EPSO9NLO
< [ 4 LHCb (8.16 TeV)
L5} .
(| S— =5
|- | B i
=
0.5 B J/w-from-b-hadrons, pPb i
I 15<y*<4.0 ]
. LHCb
) . P | ) ) L | 1 Lo
0.0 0 5 10
pr[GeV/c]
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Rppb vs. p1, Backward

2.0

[ [ 1FONLL with EPSO9NLO
| 4 LHCb (8.16 TeV)
1.5+ _
| | :
1.0 [ = o b $_ . _:E
0.5 J/w-from-b-hadrons, Pbp |
I —5.0<y < —25 |
| LHCb J
0.0 : . L L L - L L . | L 1 ]
0 5 10
pr|GeV/c]
RHEEE, Heavy-ion physics with LHCb

%
Ropb vs. y
A ‘a 2_0 T T T '[ T T T I T T T [ T T T
1% r [ FONLL with EPSO9NLO 1
i # LHCb (5TeV) 1
i 4 LHCb (8.16TeV)
1.5 B -

0.5 | J/w-from-b-hadrons ]
0 < pr < 14GeV/e
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IPLB 774(2017) 159-178]
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JIY Rpg In pPb at 8.16 TeV

2 2.0
R
Forward-backward production s
ratio is defined as:
) ) 1.0
doppb(pPT,+Iy™|) Prompt
Ky dprdy*
R =
FB(PT,y ) dngbp(PTa_|y*|) 0.5
dprdy*
0.0
@ Clear forward-backward
asymmetry for prompt &
J/4, in particular at low pr From-b Ls
@ For J/vy-from-b: Rgg is
1.0

closer to unity

@ Agreement with pPb 5 TeV
data within uncertainties
0.0
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RFB VS. PT RFB VS. yx
T e e ] @ 2.0
e gua v B0 1 20T Tl o vl |
HELAC — Onia with EPSO9NLO | HELAC —Onia with nCTEQLS |
i 4 LHCb (5TeV) h [ HELAC—Onia with EPS09NLO |
i + | 15F Energy Loss —
LHCb (8.16TeV) ] - 4 LHCb (8.16TeV) 1
_ + - 4 LHCb (5TeV)
_ K
s sﬁm :
[ prompt J/yr ] [ prompt J/y ]
[ 25< ]y <4|1.0 ILHCb 1 [ 0<pr<14GeV/c LHCb |
L T S T PR L PR W N NN SN SO S S N S S S
0 5 10 0'%.5 3.0 3.5 4.0
pr[GeV/c] |
L R
4 LHCb (5TeV) g [ J i
1 4 LHCb (8.16TeV)
+ LHCb (8.16TeV) :nd 4 LHCb (5Tev) ]
: 1) :
o . l1+ Lo
sesesipaine e ===
- 1 osf -
| J/y -from-b-hadrons , [ J/y-from-b-hadrons 1
[ 25< ]y <T,.O ILHCb [ 0<pr<14GeV/c LHCb |
L TR S R L 0 PR R N RN SN SN ST SR NN SO SR S
0 5 10 %.5 3.0 3.5 4.0
pr(GeVje] [y
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Y (nS) signals in pPb at 8.16 TeV %

JHEP1407 (2014) 094

T

* Run Il pPb sample ~20xdata w.r.t. Run |
* Cross-section, R,,pp, Rpp measured for

all Y states

-t
LHCb
pPb \s,, =5TeV

n
(=]

o
(=]

15<y<4.0
p, <15 GeV/c

Run 1

[0}
(=]

Samples  7(15) T(25)  T(3S) L
pPb 2705 +87 584 +49 262+44 125 nb !
Pbp 3072482 679454 159+39 19.3 nb*

'
[=)

Candidates per 60 MeV/c?
(o1
(=)

n
(=]

Ban e hadl B Aot s e

9000 10000 11000

Forward Backward M., MeV/c?)
r(l-\ L L DL L DL r,\-l-\ R L
F 800
§600: LHCb s\ =816 TeV, pP § syn=8-16 TeV, Pbp
<1500 - §700
= | B Y(nS) = 600 M Y(nS)
Q400 b Background Ds00F 0 W oo Background
ann b — Total = onk — Total _
8300 S0 B arXiv: 1810.07655
S o0 B =300
=200F =
= f 2200
S 100} S
O ‘ C 100
O: T 0 L l. L
9 10 11 9 10 11

M(u*u) [GeV/c?] M(utu) [GeV/c?]
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Y'(1S) Rypp in pPb at 8.16 TeV %

ea 2 T T T
22 4 pPb.Pb 3
ZSx1eF p p =
*@1‘2 LHCh EPPS16 :
2 * * OF Bl nCTEQI15 E
Rppw(pr,¥°) = L d'oppu(pr, y°)/dprdy 1.4F [ ] EPSO9LO+comovers -

208 d2o,,(pr, y*)/dprdy* 2k [ 1 nCTEQI5+comovers ]

« Suppression in the forward pPb region confirmed : :
04F p, <25 GeV/c 3

02F i 3
OZ.WTS.JF.T?Yl P P L
Forward Backward ~4 2 0 2 4
252' | I—+—Pb T g, 2 I—+—Pb T y*
= =1.8F p 4 = E18F P =
%tml 6_LHCb EPPS16 E >~:::"“] o LHCD EPPS16
N W0 nCTEQIS : N I nCTEQI5

N
T
]
=
T
I

arXiv: 1810.07655

04 | 5<y*<d0 04F ~5.0<y*<-2.5

02F Sun=8.16 TeV 7 0.2F [sun=8- 16TeV‘
e b b b PR RS RS

0O 5 10 15 20 25 O0 5 10 15 20 25

P, [GeV/c] P, [GeV/c]
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Y (2S) Rypp in pPb at 8.16 TeV %

o 2F —
QL1 ek pr Pbp :
ﬁ,}i'z LHCb EPPS16
2 « * O F 0 nCTEQI15 E
Rpr PT, Y ) L d'oppu(pr, y°)/dprdy 14F R EPSO9LO+comovers—
208 d?o,,(pr, y*)/dprdy* 2k [ 1 nCTEQI5+comovers

* More suppression in the forward pPb region

O2F P81 TeV

04F p <25GeV/c 4

0 |
_Forward Backward -4 -2 0 2
& 2F | |+Pb S I~ 2_-|--| |+Pb T y*
5:'*&]_8— P ] E"—afl.g: P I
xﬂfl ] LHCb EPPS16 ; %%Ql 6_ LHCb EPPS16 E
A W0 nCTEQIS ] 1‘4; I nCTEQI15 ]

1.2f
It

08F + I arXiv: 1810.07655
GE : 0.6%,+ | :
04F +—+—+ 15<y*<40 E 04F + ~5.0<y*<-2.5
0.2::+’ =3 16Tev—“ 0.2F \/_—8 16 TeV
00""5""10""15' 0 25 % 5 10 15 w2
p.1GeVic] p, 1GeV/c]
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Y'(nS) to Y'(1S) ratios in pPb at 8.16 TeV

_ [d%0/dprdy*] (Y(nS)

R(T(nS))

)
- [d?0/dprdy*] (T(1S))

arXiv: 1810.07655

M

20<y <25 3
25<y<3.0 3
30<y <3.5
A 35<y<4.0]
40<

sy

11/13/2018
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i L

10 20
Pr
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0.6F

Q 1:' UL L L DL L L L Q l_' L L
& o9fLuey Forward Qo9fLHey  Backward
S 0.8F 1.5<y%<4.0 < 0.8F -5.0<y%<-2.5
& 0.7E (Su=8.16 TeV & 07F (5n=8.16 TeV
0.6F | 0.6F |
05F ] 0.5F |
04 E 0.4F ]
0.3 b 3 0.3 b |
P 3 : P 3
0.2 EPPS16 | 0.2 EPPSI6
0.1F WInCTEQIS 0.1¢ WInCTEQIS
E. | ool e b by L | T R B RS B .
%0 5 10 15 20 25 % 5 0 15 20 25
p, [GeVic] p, [GeVic]
/Q l; R 'PI‘) ‘PI') T 7
JHEP 1511 (2015) 103 & 0.9] LHCb +pPo.Pop
P Sy <7 0.8F p.<25GeV/e EPPS16 3
LHCb 0 25<y<30 ] = pT WInCTEQI5 |
Vs =8TeV 30<y<353 & 0.7F \(syn=8-16 TeV E
A 35<y<4.0 3 F _:
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Y (nS) double ratios in pPb at 8.16 TeV

T (1S)/T(15) _ R(Y(nS))ppb|Pbp

(prIPbP /pp R(Y(nS)),,
r(28)/Y(1S)

pPb /pp = 0.86 = 0.15,

Y (38)/7(1S)

pPb/pp = 0.81 = 0.15,

R T = 0.91 +0.21

Y(3S)/r1s)
Ryl = 0.44 £0.15.

J

Ratio of Y'(1S) over

non-prompt J/y

11/13/2018

arXiv: 1810.07655

Y(25)/Y(1S)
(pPblPbp)/pp
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S

Open heavy flavor production in pPb collisions
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Prompt D° measurement in pPb at 5 TeV

Forward 4
g N L A L
< gono. Forverd
> 3 3
F +-Data 7
< 7000 —Fit 2<p, <3 GeVie 3
o :_.... lgna 2._ . 30 _:
< 6000 E 3 Background dEVES ]
‘é 5000 3
5 4000 3
15 3000 ]
S 2000F E
1000k 3
g -i.:";'.l; e
1800 1850 1900
M(K™r*) [MeV/c?]
—_— T T T T T r . T r . —
= 4000 3
< F Forward . LHCb ]
— 3500F ., ¢4 3 -+Data =
P F 2<p <3GeVie t —Fit 3
= 3000F 55 yx<30 F R Prompt ]
: ‘ ] 1 ]
= 2500F + mD’-from-h 3
= g i E@Background 3
5 2000F ; 3
“ 1s00F
1000
500 F
2
log (x,(D7)
JHEP 10 (2017) 090
11/13/2018

Backward 4

—~ B —
ii'_g 4000 F Backward
% 3500+ Data

—r—
LHCb

)2« P <3GeVie 3

2 0 E=Fi :
e 3000 - Signal P _g0<yre3s
=~ 1500 g3 Background : E
72]
2 2000
=
= 1500
2
= 1000
“ 500 e
| R ---r--|-'..':'_. e 1ul||‘-
1800 1850 1900
M(K+TF) [MeV/CZ]
So00E T T T L T 3
> 3 LHCb ]
S E N, 3
:18005 Backward‘ ’ ARSI ]
g 1600F 2<p <3Gevie g™ iy E
5 1400F ~40<y*<-35 [ 4 - Prompt 3
= 1200F 4 @@ D -from-b 3
g 1000;_ 77 Background _;
O 800E E
600 - ;
400 E
200F 3
0 G . X
2
log (1. (D7)
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 Reconstructed through

decay channel:
D° > K rt

« Signal:

* Inclusive D° mesons from
fitting invariant mass dist.:

Crystal Ball+Gaussian

» Background: linear

 Prompt D°fraction

extracted from fitting

Impact parameter dist.:

* Prompt: simulation

« DO-from-b: simulation
» Background: sideband in

data
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Prompt A measurement in pPb at 5 TeV

% PV
IP K~
Forward 4 Backward 4 2+ -
C
p
~ S ——  ~ 1400 p——— T
L 3000 F (a) K E (b) o :
% g LHOD > 1200 L +aa 1+ Reconstructed through
= £ pPb \syn=5 TeV = 1000 - pPb (sx=5 TeV =l & decay channel
< 2000 F forward c E backward A - + -+
§ 1500E background § S00F background - AC - pK n
5 : 5 600
'—‘g‘ 1000; § 400 ;
(3] E: < ] -
< s : © 200 1+ Inclusive A} baryons from
- T E— T T &% fitting invariant mass dist.:
m(pK-*) [MeV/c?] m(pK-) [MeV/c?] ° Signal: Gaussian
i 0 T T T T T T T T 000E T3  Background: linear
o 3000 E LHCb 2<pT<10 GeV/eo 1800 B LHCh 2<pT<IOGcVI’L€
- : 15<y*<40 1600 E- “45<yt<-25
% 2500 - pPb \s=5 TeV forward 1400 B PPP {s=> TeV backward

Candidates / 0.25

2 000F 4 gain E -t 2 i+ Prompt A} fraction
S 1s00f - background 3 S gob  backeround 1 extracted from fitting
) 3 0 7 Impact parameter dist.
W —oul E 200f — total ; * Prompt: simulation
LT : L AR o AF-from-b: simulation

2
log, (¢, (A

arXiv: 1809.01404
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 Background: sideband in
data
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b
Prompt DY %‘I

differential cross-section in pPb

= 102 = 250 T T T T T T T ]
§ = - :EStSa@LO LHCb ]
Tx = s =5TeV ]
S 10 9= 20 ZEPS09NLO w ]
= - —nCTEQI5 -
g 150 =
ol - : :
—<::|—§~ [~ Forward 100 | -
107! =+ Backward (x0.1) N ]
F = EPS09L.O C .
L = EPS09NLO 0E E
107 3 OnCTEQL5 . .
I TR R R 0 [ 1 1 1 ]

0 2 4 -5 0 5
y*

« Data consistent with nPDF predictions

» Theoretical calculation with Helac-Onia:
* Fit to existing LHC pp cross-section measurement
» Incorporate nPDF _ Eur. Phys. J. C77 (2017) 1

* NCTEQ15 under predicts cross-section at lowest p;  Comput. Phys. Commun. 184 (2013) 2562

JHEP 10 (2017) 090
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Prompt D° at 5 TeV %13]

forward-backward production ratio

_ O-(+|y*|' pT)
* Rpg does not need results from pp collisions. T o(-ly*l,pr)

« Compared to Helac-Onia calculations incorporating different nPDFs
» Model parameterisation constrained by existing LHC pp cross-section measurements

« Consistent with nPDF predictions within uncertainty
» Data show smaller uncertainties than nPDF calculations

JHEP 10 (2017) 090

m I T T | T T T | T T T m LI N B
;- [LHCb . =t ) LHCbH i
o o \

0.5

== Data

] FI1EPS09 LO
— EPS09 NLO - L — EPS09 NLO i
---nCTEQI15 L ...nCTEQI5 -

0...I...I...I...I... O....I....I....I....I....

0 2 4 6 8 10 0 1 2 3 4 5
P, [GeV/c] b*|

Comput. Phys. Commun. 184 (2013) 2562

Eur. Phys. J. C77(2017) 1 Comput. Phys. Commun. 198 (2016) 238
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iy

_ 0(+|y*|r pT)
* Rgg does not need results from pp collisions. o(—ly*l,pr)

« Compared to Helac-Onia calculations incorporating different nPDFs
» Model parameterisation constrained by LHC pp cross-section measurements

 Consistent with nPDF predictions within uncertainty
» Data uncertainties comparable to nPDF calculations

Prompt A at 5 TeV
forward-backward production ratio

FB

arXiv: 1809.01404

/M R R m —
a9 a9
53 (a) LHCb pPb sp=5 TeV 83 (b) LHCb pPb (sy=5 TeV
[t s — 1
05 = 0.5
(27 EPS09LO | | 27 EPS09LO
EJEPSONLO - 5 <y <4.0 p, <70 GeV/c | ESJEPSIINLO
— nCTEQ15 —— nCTEQ15 .
- dan 25<h*1<3.5p =7.0GeV/c L 20<p, <100 GeV/c
0 1 " 1 | 1 1 | L 1 L 1 " O L L 1 1 | L L 1 1
2 4 6 8 10 25 3.5 4
p. [GeVic] y*|

Comput. Phys. Commun. 184 (2013) 2562

Eur. Phys. J. C77/(2017) 1 Comput. Phys. Commun. 198 (2016) 238
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Prompt DO at 5 Tev JHEP 10 (2003) 046 %
- - . . Eur. Phys. J. C77 (2017) 1
nuclear modification factor in pPb  comout phys. Commun. 164 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

1 _ dopph(Y*,PT/SNN)/dX

Rypp (¥, p1) = - X A=208

J
*pp reference directly measured by LHCb < Measurements consistent with models
* R,pp, suppressed at forward rapidity with nPDF, CGC
*slight increase with increasing p- » Data has smaller uncertainties than
*Ry,py, closer to 1 at backward rapidity theory
£2---|---|"'|"'|'-- 5?2_---|---|"'|"'|"'_
Ddg =4 [.HCb LHCD ] Ddg i =4 [.HCb LHCb i
F=]EPS09LO VSaw = 5 TeV - - E=]EPS09LO VSaw = 5 TeV .
1.5 — EPSO9NLO — 1.5 — EPSO9NLO —
i i ---nCTEQI5 ]
: B CGC i
|
0.5 e T —
Forward ]
O...I...I...I...I..._ O...I...I...I...I..._
0 2 4 §) 8 10 0 2 4 6 8 10
P, [GeV/c] P, [GeV/c]
JHEP 10 (2017) 090
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Prompt DO at 5 Tev JHEP 10 (2003) 046 %
- - . . Eur. Phys. J. C77 (2017) 1
nuclear modification factor in pPb  comout phys. Commun. 164 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

R ( * ) . l X do_pr(y*;pT;\/SNN)/dx A_208
A Tpp (V" DT/SNN)/dX
«pp reference directly measuredby 223~ T T T T T T T ]
ipHC b / / Q;‘S- - —~ LHCb prompt D’ LHCb .
f d - LHCb prompt J/y \[s\py = 5 TeV -
*torward _ 2 E2EPSOYLO g
« significant suppression - — EPS09NLO p;<10GeVie 4
* backward 15k  -oonClEQDS .
ecloserto 1 :
*hint of enhancement at large -
rapidity

* Measurements consistent with
models with nPDF, CGC

* Data has smaller uncertainties
than theory

JHEP 10 (2017) 090
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Charmed baryon/meson production ratio
R+ /po ato TeV

Rag/po =

opar(V', p1)

opo (¥, pr)

» Sensitive to charm hadronisation mechanisms

» Model based on measured pp cross-section
» nPDF effects mostly cancel

"""" EPS09NLO
------------ nCTEQ15
-  —4— data
« EPS09LO & EPSO9NLO similar 0t
* NnCTEQ15 slightly lower.
« Slight increase with increasin S
’ o P e LHCb
» Forward: 04
« Consistent at lower p+

* Below theories at higher p
 Backward:

« Consistent for all p+

11/13/2018

arXiv: 1809.01404

Eur. Phys. J. C77 (2017) 1

iy

Comput. Phys. Commun. 184 (2013) 2562

02l — EPsosLO

pPb 5 =5 TeV :
1.5<y*<40

Forward

1 "
8 10
j [GeV/c]

02l — EPS0ILO

EPS09NLO

v nCTEQ15
- —4— data
e

pPb \sy =5 TeV ]
—45<y*<=-25

Backward

4
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Charmed baryon/meson production ratio %I‘a
R+ /po ato TeV

arXiv: 1809.01404

oxr (V" 01)
RA-CI-/DO = * < —7T7r T rr 11T T
opo(¥*, pr) o6 2
iy L S ]
* Sensitive to charm hadronisation || ]
mechanisms 0.4+ M H] -
» Model based on measured pp cross-section I [Hi 1 @-[ﬂ ]
» NPDF effects mostly cancel 02 L i
L. : —— EPS09LO LHCb
 EPSO9LO & EPSO9NLO similar - - EPS09NLO Ph =5 TeV 7
i " nCTEQ15 PPb \sy=5 Te N
» nCTEQ15 slightly lower - —4—data 20<p_<10.0GeV/c -
P I TR TR R NN TR TR T N TR TR SR N TR TR T N
* Flat across y* 0= ) 0 > 1

)
y
Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238

Consistent with theories for all y*
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Open beauty signals at 8.16 TeV

LI L S e

=500 T — 220 4l +
§ 450 F LHCb preliminary B* - Do%* § 200 F- LHCb preliminary B™ = J/YK R tructed
© 400 F gy =8.16 TeV - é’ 180 Vsyn=8.16TeV iy econstructe
350 s = 160 — Fit through decay
—300F Signal o — Signal channels:
@ 250 ,':". %l’urliul 8 100 @l’arlial + 3
s 200 B Combinatorial = 80 B Combinatorial B = ]/"IDK ’
= 150 W3 -D'K = 60 W B )yt -
£ 100} g 40 BT - DOx™;
O 50 ‘: O 20 H
- 8 > H O - + .
é) A8 . () T Vs S snal N b . B ﬁ D 7T )
5000 5200 5400 5600 5200 5300 5400 5500 5
m(D %) [MeV/c?| mUJIK*) [MeV/e2] Ay = AEm™
250 F ' ' - I20F™ T 7 T T T T +o-
§ L LHCb preliminary B 0 — D T[+ § LLHCb preliminary Ab - Ac n
S 200 Viw=816Tev + Data - 00F (i =8.16TeV Bt 4
9 E — Fit o 80 — Fit ]
:, 150 e ~— Signal = ~— Signal ]
@ [ EJrartial 5 60 B3 partial ~
5 100 M Combinatorial = B Combinatorial ] LHCb-CONF-2018-004
= oo 2 w0 miioie
8 50f 8 20 1
@) E“- B " + y @) 2 ]
) v -
3000 5200 5400 5600 05400 S600 S200

m(D"7*) [MeV/c?] m(Afr) [MeV/c?|
Extract yields by fitting invariant mass distribution and obtain cross section
o as a function of prand y
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Open beauty R,pp, at 8.16 TeV

Pl 2 L T ] £ L L D |
EQ&‘-‘- Dal: ] ‘53%-. —— Data SVS
= 1.8 tE;;ism I sys. LHCb preliminary 4 & 18F " Eppsig [ sy LHCb preliminary :
16F 77 nCTEQIS [ stat. PPb, {55y =8.16TeV 3 ) L stat. oo, i -sa6mev E
EPPS16* 25<y<35 ] 14 ]i’PPSl]ﬁ ; -35<y<-25 _:
L4 J/y-from-b Po E : Jy-trom-H :
P s
12 =il 3
] Fotener roase sugsasntinn samnsesasongosanc s K ..... I
: kot DT %
0.6f |
04 ] ] L
10 15 20
p.. 1GeV/c]
. E 2_ | | | | 1 -
EQI 8:— R LHCb prelimi :
* Forward: suppressed, increases with 1‘6; /; Egﬁi‘Qﬁ]s ,,pb,ip;::e?a_r)é P
O co X » VONN T O —
Pt " EPPS16* 2<p._<20GeV/e .
14 J/y-from-b T =
* Backward: = 1 N: 0 sys. oo :
: : % [ stat. el -
* Data are consistent with nPDF 1E R R
. [ 2
calculations and /iy from b decay 08k 55
. Pb
« Beauty suppression is comparable to  o6f -1 Il
charm 0.4 E .
4 -2 0 2 4
LHCb-CONF-2018-004 y
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Open beauty forward-backward ratio at 8.16 TeV

E

E 2 R N L R R L R 3 - | L S S S L R N R A -
X 1.8F 4D . L. LHCb preliminary " 3
E ala B*, pPb/Pb 3 e +B 3
+ ! 4

L e i - \/s , =8.16 TeV £
LOF \ EPPSI6 B™ | vico pretiminary 5 E a pROPOP =
1.4 3 77, nCTEQI15 Van =816 TeV = - 3
12F EPPS16* = e 3
] B R AR e S S R A GRS 5 3 =
0.8 B : o
0.6 . 3 -
04F - =~ -
025_ 25<lyl<35 E - E
O : 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 : 0 : | 1 1 1 1 | 1 :

5 10 15 20 5 10 15 20
P |GeV/c]| i |GeV/c|

* Rpg for B mesons < 1
» No strong dependence on pr is observed
» Consistent with nPDF calculations

* Rpg for BY and B are similar

* Rgg for A% suffers larger statistical uncertainty
LHCb-CONF-2
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Open beauty particle ratios at 8.16 TeV

s 2T T .
5 1.8;— LHCb preliminary 1 3

e 1.6 Sy =8.16TeV I =
1 .4;— _;
12 —$_ E _E]_ - E

N3 + BB r
08F +Ay/B° 3
o ;_—{3—'—91— 25<y<35 _;
0.45— 3
02F . &

ot L. L. ol

5 10 15 20
P, [GeV/c]
';' 2 - ! I LA p e s |
© . LHCb preliminz 3
L 138F —pre iminary +B“rB .

K 1 6F  |syn=8.16TeV +AYB E
14f 2<p, <20GeVic 3
2t B

| E‘ _BN 'E
08F E
0.6F E

3 3
04F B g Hem
02F E
E o L 1

0L -+ . . .

y

A /BO

"R p = R R Pb

= 2 T T T T [ T T T T ]
T | 8f LHCb preliminary 3
e 1.6F ; (5un=8.16TeV F{J 3
1.4‘;@_ b
12F fﬂ —HF— » 3
N3 -+-B°/B+ E
0.8F + Ay/B° 3
0.6F =
: — B 35<y<-25 ]
04 —H— =
0.2:—¢ i
[ 'l 1 | 1 1 'l 1 | 1 1 1 1 | 1 1 1
07 10 15 20
p. [GeV/c]
I 2: L
== ~18F LHCb preliminary b -
x lb;;g:x,lmcv : ___:__*;;, _
L4 T E """ -
1.2;— ) 35<y<-25 E
| ;_ o ! rxanss - ;
0.8 :—“%— ¢ 1 amunn ?
0.6F ! 3
04FY" :
0.2F -I
C s | I | - L | L
9 5 10 15
P [Ge\//(

dogo/dy(dpr)
dop+/dy(dpr)
do o /dy(dpr)
dopgo/dy(dpr)
« B°/B" about 1-0

3 from 1, explained by

systematic
uncertainties

A)/B° ~ 0.4,
decreases at high pr,
and is compatible to
At /D% inthe same
region, similar to

LHCb pp data [JHEP 08
’ (2014) 143]

~ 1 and is independent of pt at forward rapidity, suffers

larger fluctuatlons due to higher level of background at backward rapidity
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The LHCD fixed-target experiment

protons (Pb) on target [10%]

Unique fixed-target configuration at the LHC

JINST 9 (2014) P12005

Inject noble gases (He, Ne, Ar, ...) inside the Vertex Locator ~ 10~ mbar

SPD/PS

ECAL
N Te]
T3 RICH2 M

M2 _ A\
HCAL \ \
\

IR Installed for beam-gas imaging

Parasitic to collider data taking
Fully benefit from LHCb excellent performance

_"} — New physics opportunities
~ with p-nucleus and Pb-nucleus collisions

A ke S T . Heavy-ion and cosmic ray related physics

o oo Sy Fixed-target kinematic region

o 2500 GeV
B 4000 GeV

1 I 6500 GeV \/SNN E [69, 115] GeV
107!
o backward rapidity region

pNe pHe pAr pAr PbAr pHe pHe pNe pNe
2015 | 2016 | 2017
11/13/2018
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Charm production In fixed target pHe collisions

& &~ 600F
o r ) Y,
S "% LHch arXiv:1810.07907 S ook Lch
: S 500 |

100 o _ U
% \syy = 87 GeV pHe J/\V E 400 syn = 87 GeV pHe
2 o € < 300~
SN— ; ‘D E
= 6of 2
3 40 £ 2005
2 40- DO ks 2
T S .
% 20} é -g 00: . .
[ L g i PR Y O | B T B B ‘ -
S 950 3000 3050 3100 3150 3200 1800 1820 1840 1860 1880 1900 1920 1940

m(K nt*) [MeV/c2]

opo = 156.0 £+ 13.1 ub/nucleon
oy = 1225.6 = 100.7 nb/ nucleon with fraction (c>D°) = 0.542+0.024

m(uw’) [MeVic?]

— I i O = 288 + 24.2 + 6.9 ub/nucleon
8 il
é - ® This measurement/,f';xf : § . LHCb )
% 10° & . = é 10 E ® This measurement # il 3
= - ol < 3 = C [ ]
3 r /// xi" s -g. i adl
= ;,9»:;%,9* ] o
® ¢ 1 S 10°fF _
10 ~ NLONRQCD 3 N e (g
F ] i & # © " ==NLOpQCD
] ; 10 //' + i -
102 Ey LT 4 1 =
Vsnn [GeV] 10 102 10°
LHCb result in good agreement with Vsnn [GeV]
NRQCD fit and other measurements LHCDb result in reasonable agreement with

NLO pQCD (MNR) predictions and other measurements
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PbPb collisions with LHCDb

lon-lon runs: 10 ub~! PbPb at 5.02 TeV (2015) and

;‘ T T T ] T T
1 =~ LHCbPIots2015
0.4 ‘le XeXe Z 10 : LICY seliniuary
— 2018 PbPb run aiming for a factor 10 more 5 10° Ve =35 TeV
LHCb centrality 10°
10°
» Measured by the calorimeter e
» Reaches the detector limitation 1
. 0 20 40 60
— Saturation in the Vertex Locator s :gfmraf—ot Ecal Energy [TeV]
for the most central PbPb collisions ® 4 — T o
- D :
Z 40 LHCbPlots2015 3
: : : ; O 35 LHCb preliminary
LHCb current tracking algorithm efficient 2 30 om=5TeV
up to 50% most central collisions > 25 3
- Je 3
= C E
2 15 E
3 10 3
Physics studies limited to 50% less central events 5 E
1 " 1 L L 1 " L 1 s
aiien 00 [ 20 40 60
https://twiki.cern.ch/twiki/bin/view/LHCb/LHCBPIOts2015 jess contral Ecal Energy [TeV]
——> 50% most central
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D in PbPb (a first look) e

Reconstructed through D® - K~ + CC decays

-

e

LHCbD preliminary

I — T
50%<Event Actrvity=<70%

500

, ————T—T—T— ——r—7 " = =
:: [ LHCb preliminary 70%<Event Activity<90% :: = -
2 F Vs =5 Tev L 600 F s i=5TeV E
= 400 — NN = E NN E
> C = 500F 3
= - oo C 3
L 300 © ook 3
o - =9 = .
o - w300 -]
L 200 5 300F -
= C = F-|-+__F+_+_+ -
= C = 200 i_ + +q=-}++—_F+_+ =
= 100 = - + E
= - = 100 -
o C - E 3
Bttt 1, . N B B T T
1800 1850 1900 1950 1800 1850 1900 1950
M(Kn) [MeV/c?] M(Kn) [MeV/c?]

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPIots2015
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Summary

* The current heavy flavor measurements in pPb collisions and
fixed-target collisions provide precise and unique constraints
on nuclear modifications in proton-nucleus collisions at low-
X & high-x

* More measurements with the current dataset, especially with
the high statistics /sy = 8.16 TeV pPb data are still yet to
come...



backup
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LHCDb detector upgrades phase | (2021-) %

Silicon Trackers CALO
("epla_‘}e all) (Reduce PM gains
replace FE) MUON
(remove M1
VELO replace BE)
(replace all)
VELO PIXEL [7=
/ : ¥
...... I
Replace all R/O boards
UPGRADE PHASE | + DAQ network

» replace full tracker for 5 times higher pile-up in pp
* inspect 30 MHz rate in software trigger in pp

 magnet stations for low-p; tracks & TOF for low momentum
PID in consideration for Phase | consolidation or Phase I|
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Fixed-target upgrade

Current LHCDb fixed-target setup will be upgraded for Run 3

Plan for a storage cell, placed upstream

— Injection of noble gases but also Hy, D> as references

— 10—100 times larger instantaneous luminosity per unit length

Other upgrades (crystal target, polarised target, wire target) under discussion

11/13/2018 ZR#HEE, Heavy-ion physics with LHCh
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x10° x10°
RS © 7 '~ LHCoprliminay 32 '"°F "~ LHCbpreliminay
5 600 * pPb s =8TeV 1 2 [ “e Pop m=8Tev ]
= 500 S & nb! d « 800F * . ~17nb! -
Sj ] 2 N DO i %,
@ 400 .. E- C . 1 =
z 12 " backward 7 2
5 300 . forward § b - . i =
200 . 3 . . 1 5
100 ", . ' ... ° 1~
0 " . oS- J OM.n . .."'w. -
1800 1850 1900 1800 1850 1900
Mass(t'K) (MeV/c?) Mass(t*K') (MeV/c?)
* Precision measurements of charmed hadrons in pPb
* Accuracy improvement in R 4+ /0
» Measurements as functions of multiplicity %
» Analyses ongoing %
o E & | LHCb prf:llimitllaryI E so00f -I'.. " LHCb preiimin'ury = E
>3000 F- + Pb, (s =8 TV 3 z " . . ]
g C + P-FD. VS eV 4 C . Pb-p, Sy =8TeV
%2500;— AC " ~13nb™! 3 § 4000 |- /12' R * 17 nb"! 3
%2000 _ Yo _; E 3000 f— ‘.f ", —f
21500 — :+ .‘ forward — -” ,_,...-w Ftante tetenes’ -""'--_:
7 Bt R : backward ]
500 & = 1000 - 3
s H0 50 ok 250 3300 350 :
Mass(Kp'n') (MeV/c?) Mass(K p*rt) (MeV/c?)
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Jp and Y (2S5) Rypp inpPbat 5 TeV

- nuclear modification factor

=
A
=
5

inclusive prompt delayed

18 LI—;Cb o —t—l I_II-IC.b_i;Jcl:lsnl'E!;l'Q..?)I . f’l 's I_HICb - ;tgtiﬂj"f‘ — zﬂ?" 1;—.]_HICI: B ;i:g:}’innﬂb —
1.6 PP {53y =3 TeV g 1 HCY, inclusive J'y 16f PP oy =3 TeV £p509 L0 3 1.6 PEb {5y =5 TeV SIS LO 3
tafPre14GeVIe g ATICE inchusive y25) 14F Fmgﬂo ‘ 1-4;' =D5g L0 _
12 12 0 Z=——Els 3 12F 3
0.8 08 0.8 —
0.6 ._4# = 06 = =
0.4 '_%_' 0.4 04f 3
o 02 02F <14 Gevie E
0 PR I ST SR T [ S TN TR NN TR S THN NN T T T N1 0 el 0 Pl T S T N L L 1

-4 -2 0 2 4 4 0 2 4 -4 2 & 2 4

i ¥y ]
LHCb: JHEP 03 (2016) 033

@ results require interpolation of pp cross-section to /s = 5 TeV
O R,p» # 1: the nucleus is not a loose collection of independent nucleons
O tighter bound B-mesons less affected than prompt J /4
@ energy loss and shadowing are about equally important
O J /% data agree with “energy loss + NLO shadowing”
@ consistent results from ALICE and LHCb for stronger 1(2S) suppression
B more data needed to confirm differences between J /3 and (2S5
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1)(2S) relative suppression wrt JAj e

* Relative suppression Is calculated as:
R ;]ij’ (BTV) o’ (5TeV) _ g;;;h BTV) ggg';}'[*T.m-' )

R = }.IPI'}
_ Jf - wrl 2
R!}]'.lth ]'rh{ ] Tl 1||r | J:;.;_I 5 I{ o TI_"H" | ]"'I‘_‘:-{ ) Tl 1||r | G-_r_:-;_l [ T’:H |

—— 77— o L ' T ]
= 16f LH'Cb ' ' = Y ey —— 1HCH '.' S Tev E
14F pPb 5 =5 TeV 3 1..1._];:-P‘]:- .II'_,l,_=5 TeWV —— ATICE, e [z,..= 35 TeV 3
15F pp= 14 GeVie E 12| Py =14 GeVie PHENES Fim= 0216V 3
o L ] F E
Ik + . - ;
0.8 3 08 3
o6F = o6 J%._ A
b 1 : b :
02f —4— LECh, prompt y(25) 02F Inclusive Y(25)
|:| - 1 | 1 1 1 | 1 N : N ]-_.Ht;h-. w:::l'su} f.l-l}l.n l? N 3 D . 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 | 1 :
4 2 0 s 4 2 0 2 +
y [ ALICE: JHEP 12 (2014) 073 ] y

[LHCb: JHEP 1603 (2016) 133 ] [ PHENIX: PRL 111 (2013) 202301]

* Intriguing stronger suppression of prompt y(2S) than that of prompt J/y
* Expect similar suppression for y(2S) from b and J/y from b

- R compatible with 1 within large uncertainties
* Results for inclusive y(2S) compatible with ALICE measurement
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JY and Y (2S) Rpg In pPb at 5 TeV

- forward-backward asymmetry LHCb: JHEP 03 (2016) 033

o [ ] [ ]
ac S <b —&— Inclusive y(25) B 5 <[ EPS09 NLO —+ IﬂClUSi‘-’f v2s) 4
- B ) —i— Inclusive J/ vy 7 - C E lose —- Inclusive J/y ]
- EPS09 LO . < 14 GeVle . B 2.5 < < 4.0 ]
L EPS09 NLO T - . ----—- E.loss+EPS09 NLO ’ N ’ -
ir nDSg LO 7 2 | .
[ —— E. loss LHCb ] C ]
15 :_ --—-—- E. loss + EPS09 NLO pPb \'ﬁ= 5 TeV _: 15 :_ _:
1 E“_""“*"‘—'—-‘.f-c—’-.’,-:..’.’_’.’//////. ik : 1 : 3 7?/;'_ 7/?/[77,&/4/ Z :
- f‘ﬁ'-_-'__'_"_'_‘-_: gl e ///// — - —— n
C T peg ///’//4{/// ] u — E _____ 7
0.5 e 0.5~ - B
- . C LHCb pPb ”l'% =5TeV 7
0 C 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ] {J C 1 1 1 1 | 1 1 1 1 | T
0 1 2 3 4 5 0 5
Y p_[GeVic]
@ cross-section interpolation NOT required Ferreiro et al. PRC88(2013)04791

I many systematic uncertainties cancel Arlea, Peigne JHEF03(2013)122

@ J/v and ¥(2S) consistent within uncertainties
@ trend towards smaller asymmetry for #(2S5)
B expect to resolve with 2016 pPb data

Albacete et al. IMPE22(2013)133007
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Y production in pPb at 5TeV %Ié

» Low statistics due to low production rate LHCb: JHEP 07 (2014) 094
L. FE 1 tHeb Lokl  LHCb
% pPb s\, =5TeV % 80 pPb s, =5 TeV
o 100 Q 70M%
© 15<y<40 © 4 _ 50<y<-25
8 s0F p, < 15 GeVic o 60 p, < 15 GeVic
s C b 50 |
et C et 4
g GOI:_ 'fgu 40 ' & +
2 2 %0 } .].

O O 20 T i

10 iy 21

T TRt oLl ' O LYY RN —
10000 11000 5 9000 10000 11000 5
M+, [MeV/ce] my+,- [MeV/c]

@ no differential measurements possible
@ kinematic range: pr < 15GeV/c, 1.5 <y <4.0and -5.0 < y < —2.5
@ study nuclear effects in common rapidity range 2.5 < |y| < 4.0
@ evidence for strong suppression of T(2.S5) and T(3S)
O 2016 data expected to allow measurements for all states
=» focus on T(1S5)
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Y production in pPb at 5TeV %

- Y(15) nuclear modification factor and fwd/bwd asymmetry

C T ] 'l-'-l T l T T T I T T T l T T T ] ] (- i | [ LI B B | ] L | LI l T T 1 T l T T 1 7T [ L L ]
f‘ 14r LHCD o 12 LHCD =
- pPb s, =5TeV ] - pPbys,, =5TeV N
12 e o = | - N
s a . m "--._.____‘_ N
[ 1 N [ H"""--n. N
1; Qﬂ\“-.\_,___ 3 0.8l i W -
o8 - T —— — 2 : ;
= i . S ﬂ.ﬁ— — -
- ) - ~ - - ~— -
0_5__ I'—{;]'—i \§ - ‘\\:
5 Y  o4fF o . -
0.4~ E joss+EPS09 NLO —® LHCD, Y(15) g F El0ss+EPS09 NLO x:‘mmu -
02:‘__ Y(15) ~5- LHCD, Prompt Jiy E 0.2} —— Y(15) = oSy Iy =
“p -~ Promptdy —A— Lucb, Jiy fromDb . [ PomPldY - TR LHCE, dyomb .
0' ¥ I 1 N N l N N M I a N ' l N ' N I - O L | | L L 'l 1 | ' L 1 L L L L L L L L '
y 1yl

LHCb: JHEP 07 (2014) 094
@ large uncertainties
O less suppression for Upsilon than for prompt J /¢ production
O backward data consistent with expectations of anti-shadowing
B Upsilon consistent with J /% from b

** more data needed for firm conclusions
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Two particle correlations in pPb collisions
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Definition of event activity

« Data sample used in analysis:

 Minimume-bias events:
1.1 x 108 for p+Pb and Pb+p each.

» High-multiplicity events:
events with VELO hits larger than 2200,
1.1 x 108 for p+Pb and 1.3 x 108 for Pb+p.

» Use VELO-hit multiplicity to measure the
event activity
* proportional to number of charged particles

 Hit-multiplicity in Pb+p greater than p+Pb

 Relative activity classes
* from low (50-100%) to very high
(0-3%) event activity
« Common absolute activity classes for Pb+p
and p+Pb

* 5binsin 2200 < NS < 3500

Events

Events

PR

Phys. Lett. B762 (2016) 473

10 ——— —
Activity class
[]30-50% (med/low)

@ 10-30% (med/high)
@l 0-10% (high)
......... 0-3% (very high)

LHCb p+Pb
‘!I-SNN =5TeV

0 2000 4000 6000 8000 10000

hit
NVELO
10’ T T T
Activity class
106 Bl 50-100% (low)
[ 30-50% (med/low)
10° [ 10-30% (med/high)

@8 0-10% (high)
......... 0-3% (very high)

LHCb Pb+p
\'ISNN =5TeV

0 2000 4000 6000 8000 10000

hit
NVELO
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http://cds.cern.ch/record/2110456/files/EventBinning_VCl_pA.png
http://cds.cern.ch/record/2110456/files/EventBinning_VCl_Ap.png

The ridge in p+Pb collisions %

pr range : 1.0 - 2.0 GeV/c Phys. Lett. B762 (2016) 473
LHCb p+Pb sy =5 TeV LHCb p+Pb |53y =5 TeV

1.0<p, <2.0GeV/e 1.0<p, <2.0GeVie
Event class Event class
50-100% | . . 0-3% |
olg v SIS W . | vlg S S -
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At low event activity (50-100%) At high event activity (0-3%)
 A¢ = : away side ridge present * A¢ = m :away side ridge present
 A¢ = 0 : No sign of near-side ridge * A¢ = 0 : near-side ridge is evolving

and clearly visible!
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The ridge In Pb+p collisions

pr range : 1.0 - 2.0 GeV/c

LHCb Pb+p sy =5TeV
1.0<p <2.0GeVic

sosioossl |

Event class

g 057
Z |2 ] 5SS
& 0.451 8

—

Clg 1

—dm 0.4+4

y— Zu 1

At low event activity (50-100%)
* A¢ = m . away side ridge present
* A¢p = 0 : No sign of near-side ridge

(e

Phys. Lett. B762 (2016) 473

LHCb Pb+p {5y =5 TeV

1.0<p <2.0GeVic
vent class 0-3% .
<\:1Z g 2 15 45 “‘\:\,‘,‘“}\f“‘_‘_ ) e
| 22051, @"!‘\\\\\\\‘s—‘r--*
Z. ’ “‘ \ \\
1

R gn:

At high event activity (0-3%)
* A¢ = m : away side ridge present

 A¢ = 0 : near-side ridge elongated
over large An !
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The ridge evolution

(e

Phys. Lett. B762 (2016) 473

 Average the 2D-yield in the range of 2 0.5
2.0 <An < 2.9, to exclude short-range < 010
correlations (jet peak) 2 005

1 dN 1 ™1 N 000
Y(A@) = pair _ pair_ 44 2015
( ¢) Ntrig dA¢ Aﬂb—AﬂaJ Ntrig dAﬂdAfb g ('5]0.10
« Subtract the zero-yield-at-minimum (zvyam) =

»>The correlation yield increases with event <o
aCt|V|ty. < 0.05

»The away-side ridge decreases towards 0.00

higher Pt 5010
»0On the near side, the second ridge emerges 50_05
with a maximum in the range 1 < p; <2 000

GeV/c. 2 0.15

»>Near side is more pronounced in Pb+p than £
in p+Pb = 0.05
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0.15< p< 1.0 GeV/ie 1.0< p< 20GeVic 20< p,< 3.0 GeV/ic
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The ridge evolution

« Compare both hemispheres (Pb or p direction) in common absolute
activity ranges.

* Five identical activity ranges for the p+Pb and Pb+p configurations

(e

(2200 < MUt < 3500), the same particle production in 2.0 < < 4.9.
LHCb {5 =5TeV  1.0<p <2.0GeVic Phys. Lett. B762 (2016) 473
Activity bin | Activity bin II Activity bin III Activity bin IV Activity bin V
Z 015 C o p 1 21 (prPb) | T Coumnel 32 (0rPD) | T Covmne1 42 (pPD) | T Coumml ST (pPD) | T Coyanre] 64 (p+Pb) |
< Cyan=1.04 (Pb+p) Cryan=1.16 (Pb+p) C,yam=1.27 (Pb4p) Cyan=1.38 (Pb+p) Cyan=1.54 (Pb+p)
2 0.10} o p+Pb data | | |
< o
< o Pb+p data
;0.05. ‘éﬁn%c& 1
& @
O‘OOW. .
0 2 4
Ad
» Strength of near-side ridges in both hemispheres are compatible with
each other!

» Different probed rapidity ranges in both beam configurations show no
sizable effect. p+Pb: 1.5 <y <4.4; Pb+p: -5.4<y<-2.5
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ye€ar SNN

pPb/Pbp 2013 5.02 TeV 1.6 nb~!

PbPb 2015 5.02 TeV 10 ub~1
pPb/Pbp 2016 8.16 TeV 34 nb~!

XeXe 2017 5.44TeV 0.4 pub™?!
PbPb 2018 5.02 TeV

full inelastic luminosity in PbPb and XeXe
full rate in pPb/Pbp in HLT

tracking 50-100 % centrality in PbPb
data full of peaks and phenomena to explore




