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I Introduction to UPC and CEP

e High impact parameter
(beyond the reach of the
strong interaction)

e Vector meson production

* Eg.p% /Y, P(2S)

Only QED involved

at this vertex!

do'(yp— J/¥ +p)  |M|?
dt 16mwa?

2pJd 3 ' 28 — | le 2
= [FPE)PL _ee™I 3 5005 g2) 29 19"
FPOP 2= 3G, )20

Ryskin: Z. Phys. C 57, 89-92 (1993)

*pt+p >pt+tp+X

* One or two gluon ladders
involved (one in

Hard scale assured by high ohotoproduction)

mass states i.e. J /Y, P (25)

Semi-hard scale for p?
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THE ALICE DETECTOR
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: : JHEP 10 (2018) 167 (LHCb pp 13 TeV)
I Exclusive J/y in p-Pb

S.Ragoni, LHCP 2021 proceedings, arXiv:2109.03066

X = eilyl M]/lp/zEp 10—2 10—3 10—4 10—5 BjOrken'X

. . _ . 3 | | IIIIIII | | IIIIIII | | IIIIIII | | IIIIIII | |
Probing Bjorken-x~107> with £ ¢  ALICE p-Pb 5.02 TeV
ALICE data o 10°F Power-law fit to ALICE data

. [ o Hi
power-law growth of cross-sections § T . ZEUS
— power-law growth of gluon I :
dis’Eributions dgown to x§10‘6 -> 21 ° LHGbpp 7 TeV(W- solutions)
: : + [ 0 LHCbpp 7 TeV (W- solutions) oRC o 4

no clear signs of gluon saturation = - = LHCbpp 13 TeV (W+ solutions) &z

ALICE points: forward, semiforward

and midrapidity configurations =~ |ESEEEET¢ P - . e JMRT LO E
* Forward: two muons in the mmmee JMRT NLO .
spectrometer | o STARLIGHT param. 7
Semiforward: one in the NLO BFKL

spectrometer, one in the central
barrel

Midrapidity: two muans/electrons in 20 30 4050 107 2x107 10°  2x10°

ALI-DER-496105 WYp (GeV)

... CGC (IP-Sat, b-CGC)
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Coherent vs incoherent J/y
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ALICE, Pb-Pb |5, = 5.02 TeV

UPC, Ly = 754 £ 38 ub”
—4.00 < y < —2.50
2.85 < m,, < 3.35 GeV/c?

« ALICE data
— Coherent J/y
— Incoherent J/y
— Incoherent J/y with nucleon dissociation
— Coherent J/y from y' decay

Incoherent J/y from y' decay
— Continuum yy — pu

|
0.5 1 1.5 2 2.5
Dimuon p_ (GeV/c)

* Coherent (dimuon pt < 0.25 GeV/c) cleaner peak — photon couples to entire nucleus coherently

* Incoherent much wider pr distribution — photon interacts with a single nucleon of the target nucleus

Plots in the
dimuon
channel (only
available
channel at
forward
rapidity)

Phys.Lett. B798
(2019) 134926




Coherent vs incoherent J/y

2 1400 ALICE, Pb-Pb {5 = 5.02 TeV g ALICE, Pb-Pb |5, = 5.02 TeV
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* Coherent (dimuon pt < 0.25 GeV/c) cleaner peak — photon couples to entire nucleus coherently

* Incoherent much wider pr distribution — photon interacts with a single nucleon of the target nucleus



https://arxiv.org/abs/2101.04577

I COherent j/"l" Cross SECtion ALICE, arxiv: 2101.04577 [nucl-ex] Submitted to EPIC

shadowing 4
ALICE data exhibit moderate

—~ 14
2 ALICE Pb+Pb — Pb+Pb+JAy |8,y = 5.02 TeV
Impulse approximation: > o] [ ALICE coherentJiy
coherent sum of nucleons D Th L SRtappoxmation 2021
@ TR STARLIGHT
- © | —— EPS09LO (GK2)
but nuclear effects ignored (o T ey T 3
i : ' T e IIM BG (GM) P -
STARI|ght. Glauber—l!ke model - Peat M)
accounting for multiple gl — - BGK-I(LS)
) : : : L - --- GG-HS (CCK) L
interactions by a single dipole L _bBK(BCCM) -
moving through the nucleus 6 g
| ,' et ;//—___:\\
EPSO9 (GKZ [1]): nuclear - . =

.
-“
-

nuclear shadowing

o
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[1] Guzey, Kryshen, Zhalov, PRC 93 (2016) 055206 ALISFUBSATI9LS



https://arxiv.org/abs/2101.04577

I COherent j/"l" Cross SECtion ALICE, arxiv: 2101.04577 [nucl-ex] Submitted to EPIC

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

* Nuclear suppression factor

-
; ot g 1 ALICE coherent JAp
(easier at midrapidity) 5 12
B
S

- - = = Impulse approximation
SETEY STARLIGHT

—— EPSO09 LO (GKZ2)
———— LTA (GKZ)

- [IM BG (GM)

— — |Psat (LM)

—  BGK-I (LS)

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

|IA = Impulse Approximation (no 6
nuclear effects)

S(W,;) - Nuclear Suppression 4
Factor - provides a way to test
the consistency of the data with

T T T[T T T[T T[T T T T[T

the available nuclear and |2’ - pp A=
nucleon PDFs and to measure -l
the gluon shadowing factor Pt
| I | | | | | ! | |
04 -3 -2 -1 0 1

ALI-PUB-479915



https://arxiv.org/abs/2101.04577

Coherent J/{ t-dependence ALICE, Phys.Lett.B 817 (2021) 13628

L 10 ALICE Pb+Pb — Pb+Pb+J/y  |Sy = 5.02 TeV —
® N
O K. ALICE coherent J/y, |y|<0.8 B
2 = ANN v, ly i
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— TN UPC to yPb model uncertainty
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production o .
e

1= ]
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ALICE results have already advanced the field

Guzey, Kryshen, Strikman, Zhalov, Phys.Lett.B 816 (2021) 136202

- _exp 1.1/2 192
S(W.,,) = 7., Po—s 1 jPb (W) '
s olA ((W ) — 1
| Y vPb—J /1 Pb P/ 2
a 08
7 1 1 I 1 1 m -
6.5 F ALICE, Run 2, forwardy %  _
a 5l LHCb,Run2 O | 0.6 | -
& ALICE,Run 2, centraly &
= 9.5 Spp(x) fitted to Run 1 and 2 data 7 04 - i
S °T i '
© 45} -
o 4 | ] 02 B
35 - 2021
3T T 0 | Fit to Run 1 and 2 data -
2-2 i ] EPPS16 —-—-
15 | 2021 ] 0.2 | g O DTOWSWER =7 .
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LHCb 0 1 1 1 1 1 X
preliminary 0 1 2 3 4 o
data points from LHCb-CONF-2018-003 Yl Now LHCb published points: arXiv 2107.03223
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I Techniques to solve the Bjorken-x ambiguity

Pb, p Pb, p

Peripheral photoproduction:

e b< R+ R,
Vector meson

= (y, w(2S), ...) Hadronic interactions +

Neutron emission principle:

 Ambiguity due to sign in the W photoproduction maybe...”?
rapidity of the photon If so:
emitter = 1072, 107°?? //t\ '
* Additional photon exchanges FoyP (a) FPR BB
may lead to neutron emission Pb, p oo | np(Y,+y) - oypo(+y) +np(Y, —Y) - oy pp(—Y)
ONON \ //‘ dopypy _
do’g% - nONON(’Ya _|_y) . U’be(+y) 4 nONON(’)’, _y) . o"ypb(_y) Guzey ot al., dy = nU(7a +y) . U'be(‘l‘y) + nU(’Ya _y) . 07Pb(_y)

GBAY o r42) -7y ) + noven =) -7y £ Y1 Vector meson G. Contreras PRC 96 (2017) 015203

74 (2014) 7,
( ) | O>—— * Simultaneously use UPC and

2942 Y peripheral results to get rid
of the ambiguities!

i

Broz et. al.: CPC 253 (2020) 107181 |
ndn:! p(770)
— 0n0On
—— 0nXn
— XnXn

Prob.
w

N

Pb, p

—_

o
oUW N
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M|
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© 500 ;— - 'é Sc_ﬁgna etal., Phys. Rev. C97 (2018) 024901 202 1 ;
400 ;_ EASB\;.:éay-Ducati etal., Phys. Rev. D97 (2018) 116013 _;
C — M .
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data by ALICE 200 |- E
. . 100 =
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. . 0 _I | - I | | I L1l I L1l I L1l I L1l I L1l | L1l | L1 11 | 111 I_
statistics by bOth ALICE a nd STAR Collaboration, - 4 3 =2 4 0 1 2 3 4 y5
LHCb. STAR also reports this PRL 123, 132302 (2019) ALICE, EPL 129 (2020) 42001
o
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ALICE, EPL 129 (2020) 42001



I Coherent p? in Pb-Pb with neutron emission

Generally good agreement
with models on the market

A good proof-of-principle while
waiting for reduced
uncertainties and better
agreement between models

Different neutron emission
classes = different impact
parameters

(bxnxn) < {bxnon) < {(bonon)
Factorization holds

do/dy (mb)

800 —~ 700
Q
ALICE Pb-Pb UPC VSNN =5.02 TeV E ALICE Pb-Pb UPC \}SNN =5.02 TeV
700 pp-pb — Pb +Pb + p° 3 600~ Pb-Pb - Pb +Pb + p’ (On0n)
B -
©
500
400}
B it s ' 300 ISR '
s00f- —+ data STARIight B - —+ data STARIight B
o reflected GKZ (upper limit) B o reflected GKZ (upper limit)
200 M g GKZ (lower limit) 200E ] p s GKZ (lower limit)
: uncorr syst. T : uncorr syst. coRr
100 :_ corr Syst. ...... CCKT (nuclear) 100 :_ E corr SySt' """ CCKT (nuclear)
S PTET P b e v Vi e e I S S ot
028 06 04 02 0 02 04 06 08 0="08 06 04 02 0 02z 04 06 08
y y
= “oF
120 ALICE Pb-Pb UPC VSNN =5.02 TeV E F ALICE Pb-Pb UPC \’SNN =5.02 TeV
- Pb-Pb — Pb + Pb + p’ (OnXn) > 35 Pb-Pb — Pb + Pb + p° (XnXn)
100 S
80:--- - - .-
60 -
C — — - STARIight g — — - STARIight
—1- data ig 15f- —I- data ig
s o reflected CEZLUERSE NN £ o reflected GHZ(ppesinu)
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R Ml corsyst ... CCKT (nuclear) s [Mcorsyst. ... CCKT (nuclear)
L e GMMNS -
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ALICE, JHEPO6 (2020) 35



I Coherent p? in Pb-Pb with neutron emission

g ° ALICE Pb-Pb UPC m =5.02 TeV g " ALICE Pb-Pb UPC \/s_NN =5.02 TeV

5 700 Pb-Pb — Pb + Pb + 2>, soo;— Pb-Pb — Pb + Pb + p° (OnOn)
Generally good agreement $ B e A
with models on the market

A good proof-of-principle while
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on o - o reflected S g ted GKZ (upper limit)
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y
Different neutron emission £ o ALICE Pb-Pb UPC (s = W, >PbUPC {5,,,=5.02 TeV
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S 100 _
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I Coherent p? in Pb-Pb with neutron emission

g ALICE Pb-Pb UPC \(S_NN =5.02 TeV g ALICE Pb-Pb UPC \/s_NN =5.02 TeV
5 7005~ ppph — Pb + Pb + o 2>, soo;— Pb-Pb — Pb + Pb + p° (OnOn)
Generally good agreement g 3
with models on the market
A good proof-of-principle while I —

S - o reflected ted Oz (upperimi)
waltl Ng :FO r. red Uced zoo;— B uricoresyat i oyt gzzKTuowerlimit)
uncertainties and better o~ [ corr syst. ial vt e oKt (ruckan

N P R P f e = I, O, (Vi
agreement between mOdels 0 “—0.8 -06 -04 -02 0 10 )4 -0.2 0 0.2 04 0.6 0.8
: y
Different neutron emission 2 L ALCEPb-PbUPC (syy=! L. - 02 LM, >PbUPC 5,502 TeV
classes = different impact 5 b meormegony 47 Dnenopy Tov) + P 6 (Xux)
Y 100 _
parameters I s
(bxnxn) < (bxnon) < (bonon) wf . : |
. —-data — — - STARIight sf. T data — — - STARIight
. . 40_— o reflected GKZ (upper limit) E o reflected GKZ (upper limit)
FaerZELon felels Mooy S o Eucore [ O
2 [corrsyst.  ...... CCKT (nuclear) s [Mcorsyst. ... COKT (nuclear)
e ST SN jE

ALICE, JHEPO6 (2020) 35



I Coherent p? in Pb-Pb with neutron emission

g ALICE Pb-Pb UPC |5, = 5.02 TeV g "~ ALICE Pb-Pb UPC |s,, = 5.02 TeV
5 7005~ ppph — Pb + Pb + o 2>, soo;— Pb-Pb — Pb + Pb + p° (OnOn)
Generally good agreement $ ¥ o
with models on the market

A good proof-of-principle while b date -
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PbPb
o All Central1l Central2 Forward1 Forward 2
I Beyo n d Ru n 2 data Meson Total Total Total Total 1 Total
p—o T 52b 68B 55B 21B 49B 13B
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for Run 2 to 13 nb=1 for Run »(2S) = ut 30pb 400 K 35K 180 K 19K 47K
or Y(1S) = utp” | 20ub 26K 28K 14K 880 20K
3 and Run 4 together : :
CERN Yellow Rep. Monogr. 7
Double vector meson Ty o lyl < 0.9 2.5< |yl <4
photoproduction
AR LS B i s U R | R R | L P
Uncerta|nt|es for nuclear | ALICE Simulation, Pb + Pb — Pb + Pb + V

Vsyn=55TeV,L=13nb"

suppression factor expected

to be at the level of 4% 0sl i

More differential -

measurements e.g. in |t| £ °F HH ]

New measu rements e.g. 0.4 | CMS Y(1S) pseudodata

bottomonium states  —— EPS09LO,Q=m, /2 | ALICE Y(1S) pseudodata |
0.2_— —— EPSO09LO, Q=mw(28)/2 {  ALICE y(2S) pseudodata i

—— EPS09LO, Q=m J/1p/2 t  ALICE Jhy pseudodata

IIII| 1 1 IIIIIII | 1 lIIIII| 1 | IIIIII| Il 1 |
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Summary and a personal wishlist for the future

Y

L W 1Y \’
F R
ER

Shown here: Questions for a future:

* CoherentJ/{: the current  Neutron emission with
state-of-the-art for ALICE coherent J/ > x ~ 107>

' ?
Nuclear suppression factor with nuclear targets...:

and how ALICE has already Increased statistics might
helped a lot lead to higher [t]| to improve

e our knowledge of the
transverse gluonic
distribution

Ways to extract x~107>:
neutron emission and
peripheral photoproduction

UPC still have a lot to say
(look forward to Run 3)!

For all of us feeling nostalgic about CERN!
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