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CERN and the LHC

pp collider 2010-18@/s = 2.76, 5, 7, 8, 13 TeV

In 2013 & 2016 collected pPb/Pbp data @ Vsyn=5
and 8.16 TeV

PbPb collisions @ «/s=5TeV, in 2015 & in 2018
= First time all 4 experiments participated
XeXe collisions @./s=5.4 TeV, L=0.4 ub-!

LHCb also able to collect data in “fixed target”
mode (SMOG)
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The four LHC Detectors
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ALICE

, ECAL, HCAL, counters lumi, muon, hadron PID
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Pb

PbPb collisions

LHCBb: arXiv:2107.03223, arXiv:2108.02681
ALICE: Eur.Phys.J.C 81 (2021), PLB 817 (2021) 136280 (http.//alice-
figure.web.cern.ch/node/18568, http.//alice-figure.web.cern.ch/node/19575)

ATLAS: Phys.Rev. C 104 (2021) 024906, ATLAS-CONF-2019-051,Phys. Rev. C. 104 014903 JHEP
03 (2021) 243)

CMS: CMS-PAS-HIN-18-011, Phys. Rev. Lett. 127, 122001, Phys.Lett.B 797 (2019) 134826
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Ultra-Peripheral PbPb Collisions

= UPC: Two nuclei collide with each-other with
impact parameter larger than the sum of their radii

— Can exchange a photon ! => Photon induced interactions
enhanced by strong EM field of nucleus.

= Coherent: photon interacts with nucleus as a whole

= Incoherent: photon interacts with the nucleons in the nucleus
= Coherent charmonia production (J/y and y(2S))

= Constraints on gluon PDFs

= Ratio of the two indicates the correct vector meson wave function in
dipole scattering models [PLB 772 (2017) 832, PRC (2011) 011902]
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9 INFN - Charmonium production in UPC %‘égm

- Measurement of coherent cross-section: [Arxiv:2107.03223, Phys.Lett. B798 (2019) 134926]
do_cwoherent _ Ncllcl)herent l/) _]/¢ l,b(ZS)
dy €total * B(l/) = [.l+[,l_) o JL o Ay’ ’

=> Signal: essentially two tracks and nothing else in the detector!
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Results

ALICE

+ BCCM: Color dipole approach coupled to the
solutions of the Balitsky-Kovchegov equation

« GM, LM, LS: Color dipole approach coupled to
the Color Glass Condensate formalism with
different assumptions on the dipole-proton
scattering amplitude

arXiv:2101.04577 .
et ; o | | [Arxiv:2107.03223]
* Impulse approximation: Exclusive © [ ALICE Pb+Pb — Pb+Pb+J/y  |Sy = 5.02 TeV = —
photoproduction data off protons, neglecting E C £ 5¢ -
B  ALICE coherent Jiy = VS =5 TeV
all nuclear effects except coherence. o b el i > 10 b
+ STARlight: Vector Meson Dominance model E o STARLIGHT % 4r _é_ $d
with Glauber-like formalism to calculate cross 10 v f?f?gkg WS e o ata
section in Pb-Pb - - IIMBG (GM) 3¢ + ++ - ALICE
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shadowing data - ---- GG-HS(CCK) : ++_¢,.
+ GKZ: Leading twist approximation (LTA) of [ ToBEKEOOM) 1E —+ -
nuclear shadowing ~ S 7 e e s -
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= Results are within 1.3c

[Arxiv:2107.03223]
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More UPC measurements !

CMS
ATLAS

EXPERIMENT |
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More UPC measurements !
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ATLAS

EXPERIMENT

_ .+ [Phys.Rev.C 104(2021) 024906
Ko} E =
e E 3
3§ 10°E =
© = 3
° 0% E
102; _;
E ATLAS 3
10 PbPb(yy) — 1 p(PDPb)
F 5.02TeV 0.48 nb™
1 P, - >4 GeV, |n\ <24
E my, > 10 GeV, P, <2GeV
F —o—uvomedoo n dats’
10-'|- —— STARIght+Pythia8
E—— STARight
-2 L 1
1010‘4 107 1072 107"
06Acolz»lanarl’r\/ a= 1 - IAcbuu I/n
Ny . 5.02 TeV 0.48 nb
< PbPb(yy) — u (Pb( ’Pb‘ ’) ATLAS

8 e 10 < m, <20 GeV
= >< XnOn XnXn
o 0.4} O Data (raw) [] Data (raw) _|
% Fg ’ @ Data (corr.) M Data (corr.)

— - [JSTARlight CJSTARIight
o N i T
2 'L|_0_| l
5 § 02 ® g

‘4:‘ | . |
2= | c—
= N = e B

2 | = W

AN | o i G T G | S s S R
® 0.5 1 15 2
Wl

n PbPb 0.38 nb" (5.02 TeV)

g 1.4:— CMS Preliminary p, > 30 GeV b=
73 - (7] Data P, , > 20 GeV

8 1.2;—R RAPGAP MC h27|<2‘ -
v a ece Q, <25 GeV

1: Pr>Q,

0.8F -

] e —

06 g

g ° 3

04:_— . L ] L 7

02Fue B

ofF 3

Pt FOTD PPt D Lisaliialaailinilaislaraldl

2 4 6 8 10 12 14 16 18 20 22 24

Q, [GeV]



STOR
7 S
\
)
N och

wen Light-by-light scatterin

CMS
ATLAS

EXPERIMENT

= Measurement of light-by-light scattering and search for

axion-like particles

= L =22nb"1 (ATLAS), 390 ub~1(CMS)
= Two photons exclusively, E;* > 2.5 GeV/c, In I« 2.37

= Mt > 5 GeV/c?, small pi & ar?
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Prompt J/y production in peripheral e
PbPb collisions

—> Peripheral: the nuclei barely touch each other
with < 2 R Pb

= Possible to identify also hadronic component !
Hadronic production Coherent photo-production

Pb Pb

. > 1/ W 1 T

Pb

Pb

[arXiv:2108.02681 ]
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S E  PbPb 5., = 5.02 TeV
Z 180F oy >No6+29
. . S 160F 20<y<4.
=> Motivated by excess seen by Alice [Phys. Rev. Lett. 2 |/ E 3 “Y3i
116 (2016) 222301]] 120F —3— Data
= Selection similar to UPC analyses, at very low lgg? SOy ks peiaced
o7 i hoto-produced
pr (< 0.3 GeV/c) 60F i

Use p; distribution of the J/y mesons
* Hadronic : mean pr 1-2 GeV/c,

5 10 15 20

* Coherent : mean pr < 300 MeV/c ;
/ In(p7/[MeV/cT)
\ 12. 150 1800 22x103
% 3 { |
¢ { 3
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J/y production in peripheral PbPb
collisions arXiv:2108.02681

= Consistent measurement J/y photo-production in PbPb hadronic collisions
= Most precise pT measurement to date !
—> Shape compatible with theoretical model under two assumptions:

=  “"No effect of overlap between the nuclei (UPC interaction at small impact parameter)” or

“The overlap has an effect
[W. Zha et al. Phys. Rev. C97 (2018) 044910 / Phy. Rev. C99, 06901(R)]
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INFN J/y production in peripheral PbPb collisions

=> ALICE updated measurement with the full RunII dataset

JHEP 05 (2016) 179
Phys.Rev.Lett. 116,222301 (2016)
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pPb collisions

CMS: CMS-PAS-HIN-18-008
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UPC in pPb

= Elliptic azimuthal anisotropies in yp interactions
= Two particle (h*) angular correlations in yp events selected with large rapidity gaps and

no n-emission from pPb, compared

= L=69nb7?!

= Ecal > 1 GeV/c, >= 2 tracks, withfp ik > 0.4 GeV/c

CMS Preliminary
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13.10.2021
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v2(pT)
increases
with pT
larger for yp-
enhanced
events than
for MB
events at the
same
multiplicity

|T]’rrack |< 2.4

CMS-PAS-HIN-18-008
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ATLAS also observed v2 > O after non-flow

subtraction in y+Pb [PRC 104(2021) 014903]




s ) .
¥ v Conclusions and Outlook e

= All experiments have produced interesting resultfs in
peripheral and ultra-peripheral collisions, with LHCb
showing PbPb results in this area for the first time !

" More results not shown here !

—> Interesting discussions ongoing among experiments with
similar rapidity coverage

—> With Run 3 approaching higher statistics is expected and

broader coverage from the two updated experiments (LHCb
and ALICE)

= Very exciting times ahead !
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Impulse approximation: Exclusive a4

photoproduction data off protons, neglecting E

all nuclear effects except coherence. & 12
+ STARlight: Vector Meson Dominance model g

with Glauber-like formalism to calculate cross 10

section in Pb-Pb

GKZ: EPSo9 LO parametrization of the nuclear 8

shadowing data
+ GKZ: Leading twist approximation (LTA) of
nuclear shadowing

: Color dipole model with the structure of
the nucleon described by the hot spots
+ BCCM: Color dipole approach coupled to the
solutions of the Balitsky-Kovchegov equation
« GM, LM, LS: Color dipole approach coupled to
the Color Glass Condensate formalism with
different assumptions on the dipole-proton
scattering amplitude

Results

[ arxiv:2101.0a577 |

| — . BGK-I(LS)

ALICE Pb+Pb — Pb+Pb+J/y |5y = 5.02 TeV

B ALICE coherent Jiy
- == - Impulse approximation
STARLIGHT
—— EPS09 LO (GKZ)
- LTA (GKZ)
== IIM BG (GM)

+ LHCb

— = IPsat (LM)

- == - GG-HS (CCK) 3
— = b-BK (BCCM) .~

=> pQCD calculation <.
[PRC 93 (2016) 055206] 5
—> Color dipole models g

[PRD 96 (2017) 094027] °

2

[PRC 97 (2018) 024901]

[PLB 772 (2017) 832] 1

=> Integrated over y [2.0-4.5]:
= 4.45 + 0.24(stat) +

-

coherent
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do/dy [mb]

% ALICE

L LHCb
VS = 5 TeV
o 10 ub™!
'é‘ +data
- "%‘_(})_ - ALICE
ot
: +
1- ——
o
Iyl
=> Results within 1.3
Guzey et al.
LHCb —LTA W
., Vsnn =5 TeV — LTA_S
"‘.‘ 10 ub* — EPS09

o

0
0.18(syst) + 0.58(lumi) mb

Goncalvesetal.
w [P-SAT+GLC
=== [IM+BG
Cepilaet al.
w (GG-hs+BG
GS-hs+BG
Miintysaari et al.
w IS fluct. +GLC

== no fluct. +GLC




LHCb Outlook

= LHCb successfully participated in heavy ion data-taking in 2015,2016 & 2018
= Collected good statistics — could benefit from larger data samples
= Many measurements performed; first ones with PbPb collisions ever!!

=> Charmonium production in PbPb ultra peripheral collisions: refined analysis, good agreement with
theory; 2018 results on the way!

- J/y studies in PbPb peripheral (hadronic!) collisions using centrality for the first time ! Results
with 2018 dataset compared with theoretical predictions, discussion with theorists very lively

More new results soon with these data
= Many results also studied in view of the new detector in Run3/4
= Yellow report on the way LHCB-TDR-12 - 17; CERN-LHCC-2018-026,; LHCB-TDR-019
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https://cds.cern.ch/record/2703801

S = 13 TeV

©—> «— 0

pp collisions
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Centrality determination in LHCb ___ . _

participants

before collision after collision

=> A proxy of the impact parameter b of
the collisions can be given by
“centrality” classes, defined as

percentile of the inelastic PbPb cross > a L E
section as f(v/s ) E 107 POPb sy =5 TeV E
- We use the Glauber model to derive 510'2 : 1
Nparticipants (<Npart>), the impact Z10° B0% g 5
parameter (<b>), etc. 310_4 ;
—> We use the energy deposit in the % o E
Electromagnetic calorimeter to extract ' 3
107°

the centrality value through the

Glauber model 0 20 40 60
Energy [TeV]
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&9 inen - Ultra-Peripheral PbPb Collisions
: [Arxiv:2107.03223

= UPC: Two nuclei collide with each-other with
impact parameter larger than the sum of their radiif_,

Y
AN

A 4

Y |e=2R
i’#
P

— Can exchange a photon ! => Photon induced interactions
enhanced by strong EM field of nucleus.

ANNN
AN
\AANANAN
i
-——
V=<

= Coherent: photon interacts with nucleus as a whole ‘
= Incoherent: photon interacts with the nucleons in the nucleus

-> Coherent charmonia production (J/y and y(2S))

= Constraints on gluon PDFs

= Ratio of the two indicates the correct vector meson wave function in
dipole scattering models [PLB 772 (2017) 832, PRC (2011) 011902]

A » A v e 2 i
/ w-,A w-zA:
a £ Jhp 1 Ll
A = > A s Coherent i . Incoherent p
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&9 inen - Charmonium production in UPC

[Arxiv:2107.03223]
= Measurement of coherent cross-section:
do-gltj)herent N cllc})herent
= - ; Y =J/Y, P (2S)
dy Etotal B(l/) _).U-I_U ) - L - Ay

= Signal: essentially fwo tracks and nothing else in the detector!
= Herschel used to further reduce the background [JINST 13 (2018) 04 P04017]

—> N signal events extracted from fit on M,;; ﬂ(coherenﬂincoheren’r)
= Kinematic range of acceptance: ,L ~ 1Q Ml?_l@f),TeV (2015)

> 10 T —
Muons: § — —$-data =
= 2.0 <n"< 4.5, 4, Voo =5 TeV : _;‘;;‘ .
~ 1
= p:* > 700 MeV/c 310 10'ub 1 — (2S) —
Sl :: § \ - = nonresonant E
= p <1 GeV/e, 5 } | .
10
«  |Ad| > 097 ‘#ﬁm - #
2.5. 18 13i. 606. (MeV/c) I i w H’}
-t I . s . . 1 . . 1 I l
f::_ +d_:|m M M 1 A M M A |l ad i | - "
s > IJH_Ch ol 3000 3500 M \-'4;)]00
9 Sy = 0 TeV m . | Me
”,.8_’ 20 ]0\:”) 1 = coherent p'p
'g = = incoherent
8 25 < )\ < 3() - = ponrcsonant

—> Coherent component extracted using
template fits from STARIlight on the
natural logarithm of the momentum
distribution J

= feed-down

Illlllllllllllllllllllllll 7“

. lll|lllll|ll|lllll|lllllll L 2

Hﬁ ]

0
]()g(pi / GeV?)

e e

=10 -5

0
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Charmonium production in UPC : Results
[Arxiv:2107.03223]

—=> Coherent J /i cross-section measured as a function of rapidity
=> Integrated over y [2.0-4.5]:
¥ = 4.45 + 0.24(stat) + 0.18(syst) + 0.58(lumi) mb

coherent
—> Forward LHCb acceptance

. oo
..........

allows great

discrimination among the = F ~. e Guzey et al.
theory models g S5k —LTAW

= pQCD calculation 2 JF :';::
[PRC 93 (2016) 055206] 8

= Color dipole models 3F —::’::T(“c
[PRD 96 (2017) 094027] - Y T
PRC 97 (2018) 024901] 2t p—
PLB 772 (2017) 832] s _—

= Analysis update with : (— 15 et +L)
higher statistics on the 0 1% o fluct. +GLC
way (2018 PbPb data)

\. )
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erc

Study of J/y production in peripheral PbPb
collisions

[arXiv:2107.03223,LHCb-PAPER-2020-043 (in preparation)]

%l:‘gi

Event 924938
Run 168926
Tue, 01 Dec 2015 19:34:07
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Prompt J/y production in peripheral PbPb
collisions

- When b < 2 R Pb the collision is “peripheral”

= Possible fo identify also hadronic component !

Hadronic production Coherent photo-production ) . .
Use p; distribution of the J/y mesons
po O 2 - * Hadronic: mean p; 1-2 GeV/c,
En . : i *__Coherent \mean p; < 300 MeV/c
A 4
g c Wi H pomeron
& 5 %\ 12, 150 1800 22x10°
Pb * { 1 1
gg = Jly y(pomeron) — Jly o \ —r
~ T T T T T T T T T T
F 200F LHCb
& N N R = PbPb |5, = 5.02 TeV
2wk LHCb i Z 180 oy >Zo6+29
= E 4 Data PbPb |5, =5.02 TeV 3 160F 20<y<45 4
i 250;_ —Signal N> =106+29 _; ! 140 N,,=277£19 +
§ 2()()5— - “Background i(:o:]ij:;+52 —f 20 + Data
9 - e - 3 10QE = J/y hadro-produced
'g 150f S0P\ ----- /
S : J/y photo-produced
100: 60 f
S0 S ARSREETEE 40 24
| T TS TN 20F 4 .
3000 3050 3100 3150 3200 e et bt ettt
m(u't ) [MeV/e?] 5 10 15 20
In(p2/[MeV/cT)

L ~210 ub~t@5TeV (2018)
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@ ) J/y production in peripheral PbPb

L collisions

—> Consistent measurement J/y photo-production in PbPb hadronic collisions
" Most precise pT measurement to date !

—> Shape compatible with theoretical model under two assumptions:

= “No effect of overlap between the nuclei (UPC interaction at small impact

parameter)” or "The overlap has an effect
[W. Zha et al. Phys. Rev. C97 (2018) 044910 / Phy. Rev. C99, 06901(R)]

Yield d i i
=> Yields measured : —
. tot, \yMB +,,—
dy (dpr) & -N; "L-BWp->pu*u~) Ay(-Apr)

3 (0= P
;\0.63(19--'-'-"'-- —_ e >\0-5?<.1Q,....I....,,..~
- u LHCb ~ i LHCb ") . LHCb 4
> sk PbPb oy = 5.02TeV § 250 PP o =S02TeV "> [ PbPb s =5.02TeV ]
>: : _ Photo-produced J/y — up L - Photo-produced J/y — pp - 1 >: 0.4_‘ Photo-produced J/y — up ]
o 04F <Np>=19.74£92 \(2 7E _+_ 20<y<45 - o [ 20<y<45 ]

i - : : <N, >=19.7492 0.3:_ —&— Data .
0.3F s+ Nooverlap effects "UE_ 1.5F m@ —&— Data e - — No overlap effects 1
C + o Overlap effects ] QL ! v—+-o° ) ¢ Nooverlap effects 7 o2F CicElap oS ]
0.2 :_ _: % 1 :— : 666 _+_ O Overlap effects —: ’ - { i
E %8 4 —— ] S f B & : - 2 ' i
0.1? ] é o A - 0‘5:*300 [e) + =l O.IW .................. teressisiaininie T‘
C — ] N - ] N ]

02154;9‘! Owllw . T T T R ST I
3 0 0.05 0.1 0.15 0.2 10 20 30
Iy p.[GeVic] <N,..>

= J/y meson <pT> = 64.9 = 2.4 MeV/c
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Summary and Outlook

= LHCb successfully participated in heavy ion data-taking in 2015,2016 & 2018
= Collected good statistics — could benefit from larger data samples
= Many measurements performed; first ones with PbPb collisions ever!!

=> Charmonium production in PbPb ultra peripheral collisions: refined analysis, good agreement
with theory; 2018 results on the way!

= J/wy studies in PbPb peripheral (hadronic!) collisions using centrality for the first time !
Results with 2018 dataset compared with theoretical predictions, discussion with theorists

very lively
More new results soon with these data
= Many results also studied in view of the new detector in Run3/4
= Yellow repor’r on the way LHCB-TDR-12 - 17; CERN-LHCC-2018-026; LHCB-TDR-019

N

w b
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https://cds.cern.ch/record/2703801
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lgtatus and Prospects for

References

LHCB-PUB-2018-015

Fixed Target Physics (PBC)

SMOG2 Technical Design
Report

Projections for pPb
analyses in Run 3 and Run

LHCB-TDR-020

LHCB-CONF-2018-005

4
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https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/FixedTargetProspects
https://cds.cern.ch/record/2649878
https://cds.cern.ch/record/2673690/files/LHCB-TDR-020.pdf
https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/ProjectionspPbRun3Run4
https://cds.cern.ch/record/2648625

2018 PbPb data upcoming !

= 20 times more collisions collected in 2018 @5TeV

10° LHCb Preliminary ~ + s
PORD Py =SV —yas) [ https://twiki.cemn.ch/twiki/bin/view/LHCb/LHCbPlotsQM2019 ]
10? ;1 ur1:l-res nan -

20<y<45
LHCb Preliminary <4 Data
Pb-Pb 2018 —Fit

—Jhp
ENN =5TeV —1])(25)

—_
(=]

LILLILILALL

i1l

Candidates / ( 13 MeV )

107!
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=
=]
2
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[LHCb-CONF-2018-003]

(5 Me
2

»: Background

[a—
-
(O8]

= Differential cross-section

Candidates /

measurement will be T e tigay,
RS R IES sf \oc
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two charmonium states 5 R
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| 3000 3500 4000
=> Stay tuned ! M [MeV/c?)
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¥ nev - Centrality

:

3

; 1 T T T T T T T T T T T — l 6 2(1'0 . S ——

(D] LHCb z 14 F LHCb — N.:1000-4000 3

= - — "7 PbPb |5y =5 TeV — N,:4000-6000

=10 PbPb |5y =5 TeV g 1af NN E

— ° b E

(@) 10_2 m o b

R 08F .
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i, 04F -

-4 C ]
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10_6 Figure 4: Distribution of the centrality percentiles in three N, intervals of the minimum bias
— events.
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Figure 3: Distribution of the PbPb minimum bias events as a function of the total energy deposit E * = = 1 = = °© N' 100(') 400(-) 3
in the electromagnetic calorimeter. The events are assigned to the defined centrality classes, [ LHCb e i
0 P R 0 : s v : ’ - PbPb |5 =5 TeV — N,:4000-6000
0-10% representing the 10% most central collisions (low impact parameter). 2 M o
g5 25 E— -
> s .
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Figure 5: Distribution of Np,¢ in three N, intervals of the minimum bias events.
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° XD
Systema*: " oy
Table 2: Geometric quantities (Npart, Neoll and b) of PbPb collisions for centrality classes defined
from a Glauber MC model fitted to the data. The classes correspond to sharp cuts in the
energy deposited in the ECAL. Here o stands for the standard deviation of the corresponding
distributions.

)

A

X St

)
/ )
# Q
Siag o/
2l S
/

/

% i &3

@ >

W
=

=> Systematic uncertainties
= Bin width dependence

. Centrality % E [GeV Npart ONpaw  Neoll  ON.y b o
(dominant for PbPb) 100 — 90 (E- 31(1) 99 12 18 12 154 10

= Hadronic cross section 90 — 80 310 — 800 7.0 2.9 58 3.1 146 0.9
: L 80 — 70 800—1750 159 48 164 7.0 13.6 0.7

* Fit on Ecal distribution 70 — 60 1750 — 3360 313 7.1 413 147 126 06
= Negative Binomial 60 — 50 3360 — 5900 547 100 92.6 277 116 0.5
e T R I pe—— 50 — 40 5000 — 9630 87.5 133 187.5 46.7 105 0.5
i el predetien 40 — 30 9630 — 14860 131.2 169 3455 716 92 0.5

30 — 20 14860 — 22150 188.0 215 593.9 1052 7.8 0.6

20 — 10 22150 — 32280 261.8 27.1 9725 1519 6.0 0.7

100 32280 —0o  357.2 322 1570.3 2368 3.3 1.2

Table 5: Total uncertainties for the geometric quantities (Npars, Neon and b) of PbNe collisions
for centrality classes defined from a MC Glauber model fit to the data. The statistical and
systematic uncertainties are added in quadrature, and shown individually as well.

13.10.2021

412

a3 Systematic uncertainties, as expected.

Centrality % | Npart £ 0530 Neon & o5t b+ ol

100 — 90 25+0.199 1.4+0.039 10.9+0.339
90 — 80 39+013%  27+013% 10440439
80 — 70 680302 52+0200 9.7+0350
70 — 60 11303809 97+£03%2 90£0.203
60 — 50 17.9+03%9 173+0439 82+0.139
50 — 40 26.74+0.3%9 29.0+0.632 7.4+0.159
40 — 30 38.0+0.600 45.6+1.199 65+0.13°7
30 — 20 51.7+0.659 67.8+1.69% 5.4+0.059
20 — 10 67.3+0.853 94.14+23% 4.140.039
10-0 84.8+1.0%0 1204+3.0%F 2.7+0.039

The uncertainties on the geometric quantities in both cases are dominated by the

In the PbPb case, the dominant one is the
as uncertainty due to the binning effect, while in the PbNe case, the dominant one is

G.Manca, MPI@LHC2021
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¥ INeN- Ultra peripheral PbPb collisions

—> How does it happen?

+ Ultra-peripheral collisions: Two nuclei bypass each other with an impact parameter larger than
the sum of their radii. n

+ Photon-induced interactions are enhanced by the strong electromagnetic field of the nucleus
+ Coherent J/\p production gives constraints on the gluon Probability Density Functions . -

+ The (J/) / P(2S) ratio measurement is helpful to constrain the choice of the vector meson wave
function in dipole scattering models [e.g. PLB 772 (2017) 832, PRC (2011) 011902]

A . > A A » A
+ Coherent J/{p production: Incoherent J/1p production:
K i 2 Jhy photon interact with the = photon interact with particular
- = whole nucleus coherently nucleons in the nucleus
H gicgg ¥ : ‘
A » A A 3 » A Y Jiy b Jy
Photon-induced quarkonium production: W, H W, i
Photon-Photon interactions A qq loop created by the photon i ' i
Precisely know at p-QED interactions with a pair of gluon exchange /O\ /®\
(pomeron) to produce a quarkonium (c, X ‘ § X : )

bb, etc.)
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= Interaction electromagneric tie Cohierent Incolserent

ions: coherent J/y photoproduction =~ ‘ \%/
(exclusive production) P o
= Sensitive to nPDF S - A
S 5 Guzey et al.
é 4.5 = LTA_W
> 4 = LTA_S
% 35 = EPS09
= 3 g Goncalves et al.
25 = [P-SAT+GLC
0 [IM+BG
2 I Cepila et al.
1.5
== GG-hs+BG
1 “e++ GS-hs+BG
o o o . 0'5 Mintysaari et al.
=> Analysis being finalised T T U

== no fluct. +GLC

y
, Goncalves et al. PRD 96, 094027 (2017), Guzey et al. PRC 93, 055206

(2016), Mantysaari et al. PLB 772 (2017) 832-838 — Model without subnucleonic fluctuations disfavoured

More modes to be explored with larger 2018 PbPb data sample
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Phase Space Coverage and Running Modes

e Kinematic acceptance & (existing/future) beam-target combinations

. Epearm(P) p-GAS | p-Pb/Pb-p Pb-GAS
10
3 \ o /, 450 GeV | 0.90 TeV
0%k —— 1 [ 1.38TeV | 2.76 Tev
4 F — i i phe E
:\ — Ab-Fb / ]1]25TeV 5 TeV 69 GeV
ET / 1|35Tev | 7Tev
10°] p-Pb | [40Tev |8Tev 87GeV |5TeV 54 GeV
PP / 116.5TeV 13 TeV 110 GeV | 8.2 TeV 69 GeV | 5TeV
o[ Pb=Pb
. p-GAS / 117.0TeV 14 TeV 115 GeV | 8.8 TeV 72 GeV | 5.5 TeV
B p-3MOG ] I—
10ty Pb-GAS 7 ll p/Pb-GAS operation so far:
- g i
YR T, N AR ot 1L = r——
F \ / g 10; 2500 GeV
10 B B 4 =2 0 2 4 8 8 10 5 F Bl 1000 Gev
vy 2 1E Bl 6500 Gev
S F
* o pe . 31071_?
e y*: rapidity in nucleon-nucleon centre- -
=~ F I
of-mass system g 10° \ B}
"é' pNe pHe Ar pAr PbAr pHe \{I-y pNe pNe PbNe
e 2015 | 2016 | 2017 | 2018
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= Single arm spectrometer in forward direction
= Designed for b-physics, becoming a General Purpose Detector
= Forward and backward coverage for asymmetric beams

llllllllll
11111

= Precision in the forward region not achievable by others yet . L,7
4
HLTEN 3 (A0IBiE)) St | RICH detectors Muon system HERSCHEL @ 114 m IP
[ UMPA 30 (2015) 1530022 ] K/T[/p separation W identification g(u—>p) ~ 97 %,
) ~ O mis-1D g(m—>u) ~ 1-3 %

o Will re-s’rar’r in 2022 with a brand
new detector!

decay ti

IP resolution: 20 um

~12 m

}

Tracking system Calorimeters

momentum resolution €nergy measurement

Ap/p = 0.4%-0.8% e/y identification

5 GeV/c— 100 GeV/c) AE/E=1% @10 %/VE (GeV)
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Forward Extension of LHCh

HeRSChelL: High Rapidity Shower Counters for LHCb

Station B2 hole radius
atz=-114.0m 44mm
A hole radius
_ 60 mm
) d\‘(\ hole radius
= o y N\ 115 mm
\ 7~ \/ 1
at -
A | 4 f
£ { |
£ Iy
’ o ] 1
Station B1 | o 1h v
atz=-19.5m M
Station BO AL
atz=-7.5m ‘ /
Station F1
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w T — T T T 7
ool E (simulation) ; ;
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0.7f . ]
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0.5F E
04F 4 3
0.3f E
02
0.1F 3 3

0 8 -6 -4 -4
pseudorapidity pseudorapidity

pr > 0.5 GeV/c
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pr> 1.5 GeV/c
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Candidates / 0.6

=> forward scintillators for
selecting rapidity gaps

up to = 114m from IP
central region not covered

-

N,
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The SMOG System

: ystem for easuring the verlap with as
“pump” valve  Flow to VELO  Pirani gauge e Injection of noble gas into
interaction region
Very simple robust system
— Used for a precise luminosity

o
S determination

First measurement

Evacuate and
leak detector

High pressure
Piezo gauge

High pressure
volume

“HP” valve

To high pressure

Gas pressure™ 1077 mbar  Neonbottle

SMOG can be used for fixed target physics:

» Precise vertexing allows to separate beam-beam and beam-gas contributions
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LHC and LHCDb

pp collider 2010-18@./s = 2.76, 5, 7, 8, 13
TeV, L = 9 fb!

In 2013 & 2016 collected pPb/Pbp data @
Vsyn=5 and 8.16 TeV, L=1.6 & 34 nb-!
= 10° minimum bias collisions, 1M J/y’s

PbPb collisions @ /s=5TeV, L = 10 ub-!
successfully collected at LHCb for the first
time in 2015; already 20x in 2018 (!)

= XeXe collisions @./s=5.4 TeV, L=0.4 ub-!

- : LHCb also able to collect data in “fixed
Limited fo 60—]004 farge-l-” mOde (SMOG)
in centrality due fo N

detector saturation @@%\\

CERN

B/ \ ALICE
;| Point1 = Point 2
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— el @
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pPb bp bE:b pEb Pbp EbED "é' pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
2013 | 2015 | 2016 | 2018 Q 2015 | 2016 | 2017 | 2018
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http://dx.doi.org/10.1088/1748-0221/7/01/P01010
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