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The LHCDb experiment

LHCDb iIs the experiment devoted to heavy flavor at the LHC

Detector design:

e Forward geometry to
optimize acceptance for
bbpairs: 2 <n <5

e Tracking: Momentum
resolution <1% for

p <200 GeV/c e -
+ Particle ID: Excellent e
Capab | | |'[| es to se | ect Int.J.Mod.Phys.A30 (2015) 1530022

exclusive decays

MICHIGAN

Some unique features attractive for heavy ion physics:
» Excellent detector performance for heavy flavor

« Forward acceptance

 Possibility to run in fixed-target mode

C. Aidala, Santa Fe Workshop, Jan 2019




Key feature: Forward acceptance

B hadron PID . Other Collision Systems
BN muon system | i THCh LHCH 110 GeV 2
mmmmm lumi counters | AS/CMS I HERA >
I HCAL [

I ECAL

— e
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LHCb

o Sensitivity to small parton momentum fraction x
(down to ~10-°)
 Rapidity dependence can disentangle nuclear effects

~* Nicely complements other LHC experiments
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Key feature: Fixed-target capabilities

“Fixed-target-like” geometry well suited for . . . fixed-target physics!

o System for Measuring Overlap with il 211
Gas (SMOG) allows injection of il
small amounts of noble gas into LHC
beam pipe around LHCb collision
region. Turns LHCD into a fixed-
target experiment! Luminosity up
to 1039 cm= st

t 8.16 TeV pPb Other Collision Systents

* Collisions at VSNN = \/ZEbeamMp B LHCh Sl LHCb 110 GV —f€
41-110 GeV for Epeqm= 0.9-6.5 TeV N
— Between SPS and (main) RHIC L AUEE M

energies
o At /syy = 110 GeV, c.m. rapidity is
-2.8 <y* < 0.2 backward detector
with access to large x value in target
for different nuclear targets

— Study nuclear PDFs in
antishadowing/EMC region
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pPb data sets

Forward

Forward region:

* Y = Yiap — 0.465
e pPb:15<y*<4.0
Backward region:

* V' ==V +0.465)
e Pbp:-5.0<y*<-25

e 1.1nb! (fwd), 0.5 nb* (bwd)

2016 \/SNN — 816 TeV
. 13.6 nb-L (fwd), 20.8 nb- (bwd)

ol /bl C. Aidala, Santa Fe Workshop, Jan 2019



JHEP 1811, 194 (2018) Y( S)
Bottomonia in pPb at 8 TeV: R, b

Backward Forward
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e Model including
Rpy VS. Y, Y(15) Rpr VS. ¥, Y(25) interactions between Y and
e b N e b comoving particles predicts
EPPS16 _ EPPS16 large final-state effects,
nCTEQI13 - nCTEQI15 1
R EPS09L.0+comovers A y EPS09L.0+comovers Iarger for eXCIted States and
: [ 1 nCTEQI15+comovers 2 [ 1 nCTEQI5+comovers N baCkwal’d dlreCtIOH
e | — Ferreiro and Lansberg,
JHEP 10, 094 (2018)
e Consistent with patterns

e pe DO observed in data . . .
\'ISNN:S' 16 TeV i T .




JHEP 1811, 194 (2018)

Bottomonia In pr at 8 TeV: Double

_ = Z1.8F LHC ~+LHCb
DOUble I‘atIO, Dcmnox’ers

Y (nS)/Y(1S) in pPb
with respect to pp

p<25GeVie ) <25 GeVle
s sy 8-16 TeV [s3o7=8-16 TeV

Additional suppression seen for Y(3S), in particular in
backwards region. Consistent with comovers model.

0% ¢ PbPbData

— Total fit

Understanding this effect is crucial to interpretation of

sequential quarkonium suppression observed in PoPb by
CMS! (arXiv:1805.09215)
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---- Background

----Ry, scaled

Events / (0.1 GeV)
mO - N w = (4] [=2] ~ [os] [(s]




JHEP 1811, 194 (2018
2ot Y(nS)

Bottomonia in pPb at 8 TeV: R, b

Rising p; dependence, Forward Backward
not observed in the 2o 2T
calculations Suk e ] 1% o
e HELAC-Onia:
Lansberg + Shao,
EPJC77, 1 (2017);
Shao, Compuit.
Phys. Commun.
184, 2562 (2013) o
e No interactions with W mests 3 RS Y et
COMOVers o | .
Included—p-+
dependence not
available

ol il C. Aidala, Santa Fe Workshop, Jan 2019



JHEP 1811, 194 (2018)

Bottomonia in pPb at 8 TeV : R¢

VS. Py VS. |y*|

-+ LHCbD
EPPSI16

nCTEQILS

“TF 2.5<p%<4.0 EPPS16
o \‘ S 816 TeV g nCTEQIS

Forward-backward ratio feisiiHce | AL
* Rising p; dependence Reg Y(25) e
e Hint of rising |y*| dependence _
« Compared to calculations using i -,

< sHELAC-Onia on Iy

[ MICHIGAN |
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JHEP 1811, 194 (2018)

Bottomonia in pPb at 8 TeV: Ry,

Forward Backward

++

++ . .
Y(ZS) -{0- Y(].S) )2 a8 EPPSI6 )2 EPPS16
ratIO nCTEQIS nCTEQI>

25

P, [GeV/c] - j: [(re\ffcj\'

Hint of less agreement GOSLLHCH TR R
for backward = oof s igTey MNCTEQIS
production suggests 6
comover Interactions
could be relevant?

MMMMMMMM
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arXiv:1809.01404

Charmed baryons in pPb at 5 TeV: Prompt A_*

Forward Backward
e Contribution from

subtracted using 5 _
Impact parameter

distribution

Candidate
Candidates

2300 2350 ) 2250 2350

m(pKm) [Mei-;.-l;‘l] m(pK ") [1\-Ie-\-:.-'(-3]

)]

e Single- and -- o
double-differential
Cross sections
measured for
forward (pPb) and
backward (Pbp)

PPb 55 TeV
Backward

h_’ — [mb/(GeV
v
< [mb/(GeV/c)]
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arXiv:1809.01404

Charmed baryons in pPb at 5 TeV: R,

e A.'/DP ratio important input to
hadronization phenomenology: crucial Forward
comparison with other collision systems
— In ratio most nPDF uncertainties cancel

* Baryon enhancement expected from
production via coalescence in nuclear _ epsosLo
collisions, also affected by thermal EPSOONLO
properties of nuclear medium - NCTEQ15

— Large charmed baryon enhancement

observed in central AuAu collisions by
STAR

— But no enhancement seen in pPb collisions

by ALICE
y Backward

LHCb pPb:
e Substantial agreement with collinear

= 5 A AE 5 y EPS09LO
factorization predictions based on pp data; EPS0oNLO

no strong kinematic dependence observed e NCTEQ5

» Need update with 8 TeV data to determine b+ data
dependence on event activity — _.

L V 4
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arXiv:1809.01404

Charmed baryons in pPb at 5 TeV: R,

e A.'/DP ratio important input to
hadronization phenomenology: crucial
comparison with other collision systems

— In ratio most nPDF uncertainties cancel

e Baryon enhancement expected from
production via coalescence in nuclear
collisions, also affected by thermal
properties of nuclear medium

— Large charmed baryon enhancement
observed in central AuAu collisions by

STAR
— But no enhancement seen in pPb collisions — EPsosLO
by ALICE EPS09NLO & T\
wumens NCTEQ15 ‘f: Pb \\M\_ﬁ T c‘
—4— data 20< P < 10.0 GeV/c
LHCDb pPb:

*  Substantial agreement with collinear
factorization predictions based on pp data,;
no strong kinematic dependence observed

* Need update with 8 TeV data to determine
dependence on event activity
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LHCb-CONF-2018-004

Open beauty In pPb at 8 TeV

Clean signals in exclusive decay modes:
BT — D", B™ - JWK",B" - D ™, AY — Atm-

LHCD preliminary pPb
Sy = 8.16 TeV ' 4 Data

—Fit

— Signal

Partial

I Combinatorial
o0
BB —-DK

5400 5600
i ) > ;o
m (_ﬁ ) [MeV/c?]

LHCb preliminary
5oy = 8.16 TeV

Candidates / [10 M

5600 5300
m(A ) [MeV/c?]
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LHCb preliminary
(o =8.16 TeV

5100 5200

Decay

Bt — Dzt
Bt — JyY K™
B(] — D~ FT+

pPb LHCD preliminary {' pPDb
- - ¥
'\Iﬂ =8.16 TeV ! _£_ Data

2

—~+ Data
—Fit

—Fit

[10 M

— Signal

B partial

[ Combinatorial
M 3—-DK

— Signal

B partial

I Combinatorial
W B —=Jyrt

1]
L
—
]
=
=
o
<
(-

(Z.n') 5]1) 1
m(D~ ™) [MeV/c

1824 = 64
905 + 33
R6 £+ 34

First measurement of A% in nuclear collisions
First measurement of B mesons in nuclear collisions

down to low p+ (< hadron mass)



LHCb-CONF-2018-004

Open beauty in pPb at 8 TeV: RB

ard Backward

—— Data o &S i o —— Data
EPPS16 LHCb preliminary . EPPS16 LHCb preliminary

TEQIL5 PPD. {53y =8.16 TeV 1 6 77 nCTEQI5 pPb, |5y = 8.16 TeV
EPPS16* 25<y<35 . EPPS16* 35<y<-25

J/y-from-b J/y-from-b

o Confirms suppression pattern observed in
LHCD preliminary o .
it Jhy from b, consistent with nPDF effects

e Calculations consistent with data, without
Interactions with comovers—more relevant
for quarkonium than open heavy flavor

e A} /B ratio also measured and found
consistent with nPDF effects




LHCb-CONF-2018-003

Ultraperipheral charmonium production in

MMMMMMMM

PbPDb

First preliminary result by LHCb from PbPb collisions

Goal is to study coherent J/y production in PbPb collisions at 5 TeV
Hadron photo-production enhanced by photon flux (e Z2) in PbPb
Sensitive to gluon distribution down to x ~ 10

Integrated luminosity ~10 pb-t

Jhy pr <1GeV, rapidity 2.0<y <4.5

The collisions are either
— Coherent, where the photon couples coherently to all nucleons
— Or incoherent, where the photon couples to a single nucleon

Coherent Incoherent

[ A
™~
)
MMMM




LHCb-CONF-2018-003

Ultraperipheral charmonium production in
PbPb

LHCb Preliminary ~+-data

- — Iy
... Pb-Pb S,\'.\' =5TeV - i'.j-'(.-'"SJ

«== NON-resonant
sum

LHCb Preliminary o— data
N coherent

- g = ﬁ / . -

Pb-Pb Voan =2 Ted incoherent+feed-down
non-resonant
sum

Candidates / 0.15
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3000

0
log(pi/GeVz)
= 3 — STARlight MC used for templates:
£ 45§ i Comp. Phys. Comm. 212, 258 (2017)
> 4 we LTA_S
Q 35 m— EPS09 =
57 I °© Coherent J/y cross section measured
3 oL and compared to phenomenological
2'5 wes ]I.\II;-B(..‘- -- mOdeIS
2 Coptletal e Limited statistics, but precision of
L — GG-he+BG measurement demonstrated
: N - Good prospects for 2018 data, with 20x
0.5 | Maysaas v, more luminosity

= 1S fluct +GLC

o fluct. +GLC




sy =110 GeV - 69 GeV

-l -ixed-target samples @—'“

(He,Ne, Ar...) Gas (Ne, Ar)

Y
o
1%}

Beam Energy  10” protons on target =5 nb” / (1 m gas)

2500 GeV at nominal 2:107 mbar
B 4000 GeV
B 6500 GeV

protons (Pb) on target [10%]

pHe pHe pNe pNe
| 2016 | 2017

 First papers from the first samples collected in 2015 and 2016:

— Antiproton production in pHe — PRL 121, 222001 (2018) (not shown
here)

— Charm production in pAr and pHe — arXiv:1810.07907
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arXiv:1810.07907

Charm production In fixed targets

LHCb
ISuy = 87 GeV pHe

=N

N

o
(=]
o
o

LHCb
VSun = 87 GeV pHe

-
o
o

Candidates / (5 MeV/?)

N TR ETIT 3150 3200 01800 1820 1840 1860 18801900 1920 1940

Candidates / (10 MeV/¢2)

LHCDb pHe

® This measurement __-#7]

LHCb pHe

® This measurement
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C.

-~ NLO NRQCD 7 BENLO pQCD

LHCD results in good agreement with world data,
» and with NLO NRQCD calculation based on fit to other world data (J/)

» and with NLO pQCD predictions (c¢)
ol W/l



arXiv:1810.07907

Charm production In fixed targets

—4— LHCh darta
B 1 « 144 CTI4NLO+nCTEQLS
« 144 CTI4NLO %ﬁl

LHCb sy,

—4— LHC
I o Ar CTL
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arXiv:1810.07907

Charm production In fixed targets
/vy DO

LHCb {5, =86.6 GeV pHe . 7oL LHCb |5, =86.6 GeV pHe

—+— LHCb data
CTI4NLO+aCTEQLS = x 144 CTIANLO+aCTEQILS
cri4Ne 48 F oo » x 144 CTIANLO %ﬁ(
J ]

LHCb |s,, =110.4 GeV pAr
b dats

With Intrinsic charm Q -7

With no
Intrinsic charm

-2.53<y*<-1.73 BHPS with CTEQ6.5
0.12<X2<O,37 C,C at u = 2GeV

No evidence for sizable valence-like
= a Intrinsic charm contribution

MICHIGAN
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620%50 ‘(2002) 5.add

0.17 <x,< 037



Summary and outlook

* LHCDb has developed a growing heavy ion program, with
very specific capabilities and unique acceptance at a hadron

collider

HCbPro ectPubllc Summar IFT.html

e Much more data from Run 2 still to be analyzed!
— Manpower limited

o Substantial development of the program in the near future
for Run 3

— Upgraded spectrometer
» Improved centrality reach for PbA, PbPb due to upgraded tracking
— Target storage cell: Up to 2 orders of magnitude higher
luminosity, improved lumi determination, reduced backgrounds,
\)/(Vidervariety of target species: H,, D,, He, N,, O,, Ne, Ar, K,
e

 Stay tuned for more results in the near future!

22
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_IFT.html
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JHEP 1811, 194 (2018)

Bottomonia in pPb at 8 TeV

h S h S L

-+ 1
)
—+2
+3
+3

-+- pPb, Pbp C b ‘+— pPb, Pbp
#* pp scaled °E GeVle # pp scaled

Sx=8.16 TeV 6E {Sxy=8.16 TeV

- 5 +—l—_._
4, = -
++ - 3
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LHCD #+ pPb
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JHEP 1811, 194 (2018)

Bottomonia in pPb at 8 TeV

LHCb

—+— Pbp

+pp scaled

—+— Pbp

—+—pp scaled
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JHEP 1811, 194 (2018)

Bottomonia in pPb at 8 TeV




arXiv:1809.01404

Charmed baryons in pPb: Prompt A.*

LHCb
pPb s =5 TeV

[mb/(GeV/e)]

do

—a— Forward: : | < 4 — Forward: 2 < p'l_" <10 GeV/c ]
—=— Backward: 25<[p¥ <45 _-=Backward: 2<p_< 10 GeV/ec

 Single-differential cross sections
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arXiv:1809.01404

Charmed baryons In pPb: Prompt A." Reg

EPS09LO
<7.0 GeV/e EPS09NLO
— nCTEQ15 20<p_=10.0GeV/e
—4— data T

EPSOONLO 25 < ¥ <4.0 p
— nCTEQ15 T
—4— data

2.5<[p*<3.5 p_27.0GeVic

* Rg <1, consistent with calculations (within
large uncertainties)

MMMMMMMM



arXiv:1809.01404

Charmed baryons in pPb: Rj 5

—— EPS09LO " A —— EPSQ9LO
EPS09NLO o EPS09NLO
e CTEQ15 - ACTEQ15
—4— data

EPS09LO " A —— EPS09LO

EPS09NLO o EPS09NLO
e NCTEQ15 e NICTEQ15
—4— data —4— data

P+ dependence, 4 different bins in rapidity
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PbPb at LHCb

LHCb entered PbPb data taking in 20135.

About recorded by LHCb

Tracking performance studied: saturation occurs at
about 50% centrality

2018 PbPb run just finished, collected

LHCEPlots2015
LHCD preliminary
Voo =5 TeV

Entries [a.u.]

2 60
R . . . . .. 50% <—1 Ecal Energy [TeV]
® Still interesting physics from peripheral collisions: less central :
/ : ) k Y 45 T — v — T T
JAp . W-p SS S
» J ILI phootoproduc,tlon (low-pr exce'sﬁ ) 0 bt o
#® JAD/D” ratio and T states vs centrality

35 ot LHCb preliminary
® flow for D°

30F | & VSoy =5 TeV

25

h
[=]
=

T T
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=3 TeV H
" L " L 1 M L L "
20 40 60

o o e Sor Feny W)
.. il el T b b E= e vt

1850 1900 1950 2900 3000 3100 3200 3300
M(Kn) [MeV/c?] M(up) [MeVic?]

T T
[ LHCb preliminary T0%=Event Activity=90% J

F Ug.=5TeV \
I 1 i
: +

| s
(9]

e

15

e
[=
(=]

Number of Velo Clusters
l.l.l..l.].i..l..l. L].l.l.ll.ll..l.l.l.l..l.l.l..lll.l.ll I..I.l..l.l..l..l..l. J..l.l.l. .I.I..l.]..l

=
=
Candidates per 8.0 MeV/c®

Candidates per 8.0 MeV/¢?




XeXe Collisions @ 5.44 TeV

* We started analysing the XeXe Run collected in 2017

* Collisions at 5.44 TeV and Luminosity 0.2-0.4 pb-!

* We had a preliminary look at K+K- pairs: nice features appearing
* Preliminary plots, no background subtraction, etc.

* Very small Q* in the decay and is produced pretty much at rest

* We need to measure different states in each system to constrain the uncertainties from theory

Ultraperipheral ¢$(1020) production

|
0.4

LHCDb Preliminary 100 LHCh Preliminary

Xe Xe |5,,=5.44 TeV ] Xe Xe 1f5y=5.44 TeV

o0
-

1010 <m .- < 1030 MeV/ ¢2

—_—

o))
o
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Y
¥ { }h¥+m++ﬁhh+#++ﬂ+#ﬂ%++#

N
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3 ] |
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HeRSCheL veto detector for coherent
exclusive production

The HeRSChel. detector: high-rapidity shower counters for LHCb
JINST 13 (2018) P04017

* Forward detector installed for Run2: increase n coverage

* Idea: scintillators in the tunnel where beampipe is accessible
* High Rapidity Shower Counters for LHCh: HERSCHEL

* Five planes of scintillators: 4 quadrants, 20mm thick

* Built in 2014 and installed at the beginning of 2015.

* Use same electronics of Preshower Detector
* Can be used to veto forward and backward activity

Hole radius .
Hole radius

47mm LHCb x L.
oomm ey 30 lemm

:" Cut-out

Station B2
z=-114.0m Station B1
z=-19.7m Station BO
z=-7.5m
Station F1

z=20.0m
Station F2

z=114.0m




HeRSCheL veto detector for coherent
exclusive production

* New detector installed for Run2 — Increase n coverage in the forward region

To get an idea on distances

WP8 (CENTER OF X B5) 135 4K

D1 103 Q2 Q1B1 BO F1 1 Q2 Q3| D1
NEXDHIEXA EX.B_ HEA lllexw EXA MUXB_ MOXADABX MBX  TCOON  TDI

prdsslisshossy _
A8 - |
H.67 o B3

About 150m

To get an idea on the coverage

|
LHCb simulation

Q9 W oW B o
:':S'Jl

Deposited energy [a. u.]
2 b 2
th O

0 5 —= 10
Pseudorapidity of the parent particle




LHCb

DO production in pPb collisions at 5.02 TeV A EE T PO

2.5<y*<3.0
g7 Background ’

HF are unique probes in HI collision:

® Ma>> Aacp allows perturbative calculations
1850 1900

® frroa << facp experiences the whole time evolution of the collision MK ') [MeV/c?]

precision data

+ Data
“EPS09LO
—EPS09NLO
—nCTEQI15

T L

— LHCb prompt D°  LHCb
LHCb prompt J/w | San = 5 TeV

= EPS09LO
— EPS09NLO P.< 10 GeV/c ] , . .
---nCTEQIS | Ropy(pra') = 1 d*oppp(pr, ¥*)/dprdy
B CGC - pPL\PT) Y )
- Leof-nil]

L% (NI B B L

= A &0y (pr.y*)/dprdy

LELINL L LN B LB L LN B L

I\>

strong suppression wrt
pp at forward rapidity
(shadowing region)

-5
JHEP 10 (2017) 090

a Increasing in the most
backward bins
(anti-shadowing region)

o Both cross section (left) and Nuclear Modification Factor (right)
are fairly described by nPDFs and Color Glass Condensate
calculations

o LHCb data already used to constrain nPDFs in the unexplored region at low-x
(PRL 121 (2018) 052004)

Y y/
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- 6<p, <7GeVic LHCb .
[ —40<y*<-35  |(5=8.16 TeV: Pop ]

+

Jp production in pPb collisions at 8.16 TeV

_ PLB 774 (2017) 159
Prompt production

Candidates / (6 MeV/c

0
o

— T
| C—IHELAC — Onia with EPSO9LO ]
i HELAC — Onia with nCTEQ15
- .. HELAC — Onia with EPSO9NLO -
- CGC -
+4 LHCb(8.16TeV) ]

H
n
.

strong suppression at forward rapidity: ke 3

1 i 3050 3100 M”OM €09
j{ 1 increasing from 0.5 at lowest pr e MeVTc?]
=

f\\\\}gﬁxHﬂF*"x T+ reaching 1 atf highest pr

é_j_*'//: o NPDFs & Color Glass Condensate calculations account for

observations

o

Rpy, prompt J /. pPb

o
)

1.5 <y*<4.0
o for rapidity dependence (not shown here) also the coherent

I L -
10 energy-loss accounts for observation
pr|GeV/c|

Non-prompt production

!\.J
o

2
(=]
T

—
[ I FONLL with EPSO9NLO
| 4 LHCb(8.16TeV)

‘ IilFlOl\‘JLLlwi‘lh ElP‘S‘O()II\JL(‘) T
i LHCb (5TeV) 1
LHCb (8.16TeV) . . . .

first precise b-production measurement in pPb

down to pr~0

n
—
¥

.

o

suppression at forward rapidity, modification
factor close to 1 aft backward rapidity

R ppy J/yr-from-b-hadrons

=)
in
o
wn

Rppy J/y-from-b-hadrons, pPb
=

L5y o0 crucial input for the HI phenomenology

<
=]

10
p1[GeV/(]

Very valuable constraint of NnPDFs in unexplored area at low-x  (PRL 121, 052004 (2018))
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A real storage cell - SMOG2 - will VELO

silicon VErtex LOcator

be installed during the LHC LS2 N
and start taking data from 2021 o

SMOG?2 VELO

inside the LHC primary vacuum

2 Increase of the luminosity by up to 2 orders of magnitude using the same gas load as
SMOG

o Injection of H,.D,,He,N,.O,, Ne,Ar,Kr. Xe
o New Gas Feed System will give a strong improvement on the luminosity determination

> Well defined interaction region upstream the nominal IP: strong background reduction
and also the possibility to run in parallel with pp collisions

. .
AV Slide from P. Di Nezza
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HELAC-Onia: an automatic matrix element
generator for heavy quarkonium physics

Comput. Phys. Commun. 184, 2562 (2013)
Hua-Sheng Shao

Department of Physics and State Key Laboratory of Nuclear Physics and Technology,
Peking University, Beijing , China
PH Department, TH Unit, CERN,CH-1211 Geneva 23,Switzerland

E-mail:erdissshaw@gmail.com
ABSTRACT
‘We rewrote the ori

helicity amplitud

colliders and electror

tandard Model, HELAC-0Onia is als

stable in dealing with P-wave quarkonia (e.g. h.;. x.; ) and P-wave color-octet

automatic quarkonium matrix elements generator based on recursion relations
on the market.



Partonic momentum structure of nuclei:
Not just superposed protons and neutrons

 Ratio of cross section
for e+A compared to
scaled e+p collisions,
shown vs. parton

TR G commeta CX T T momentum fraction x
PRD49, 4348 (1994)

* Regions of both
enhancement and
depletion—only
Fermi motion
reasonably
understood
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