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photo induced exclusive photo-production of J/¥s and W(2s)

MAasSS (small, but perturbative)
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e reach up to xz.5-10°

e perturpative cross-
check: Y (b-mass)

e measured at LHC
(LHCb, ALICE, CMS) &
HERA (H1, ZEUS)
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Goal: confront linear vs. non-linear QCD evolution
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BK evolution for dipole
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in pQCD
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linear BFKL evolution = subset of
complete BK

. [related to gluon distribution]
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non-linear term
relevant for N~ 1
(=high density)
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Observation:

very similar energy dependence predicted by linear and non-linear
QCD evolution for total photo-production cross-section of J/\W

and W(2s)

Within uncertainties: can't distinguish
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o(yp — ¥(2s)p)

- very similar energy dependence predicted by linear and non-linear

Observathn QCD evolution for total photo-production cross-section of J/\W
and W(2s)

_ But differs for the ratio o(J/W)/o(W(2s))

0.30,
0.25- _‘ - non-linear KS gluon (subject to BK
? " ? evolution): growing ratio
0.20. [ -/ - Linear HSS gluon (subject to NLO
S b 5 BFKL evolution): approximately
~ - | constant ratio
Q‘ _ ] . .
\g : ] : - also: unstable fixed scale HSS gives
0101 ~ KS (BT wave function) ‘- decaying ratio: related to enhanced
5 HSS (dipole scale and BT ' '
). — A2 HSS {didle _ IR contribution for the W(2s)
o = HSS (M? = 3.27GeV* and
_ BT wave function)
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50 100 500 1000
W |GeV]



Why Is this happening?

GBW model:
A
- 1 ’”zQsz(x) | | v o X
6,:(x, 1) = 0| 1 —exp(— 7 with saturation scale Q7 (x) = Qj x_o
2M?2
inearized version: Ulin.(x ;r) = O LS(X)
| q9 ? — >0 4
recent fit to combined HERA data with 0% < 10GeV?
2 _ _
and y /NdOf = 352/219 = 1.61 6o[mb] /1 x0/10_4
27 43+0 35 | 0.248+0.002 0.40+0.04




The ratio for the GBW model

1 do
o PV (W2 = —V \
do (yp — Vp) APTVP(W2,t = 0)\
dt 10 167T
From scattering amplitude:
) M2 dO’ (M2 ) )
<(1) W\ w2 " ) <)
%mAT(WQ,t:O) — /d2r Oqq (W,T> 2 ( ) | Ar Z:T (T)
Recall:

For LINEAR GBW

o .(x) = QS(M‘Z,/ W?) cancels for the
ratio (

SM"(x) ~ Q*(x) - [dr

Complete GBW: non-trivial r-
dependence — different

eRatio constant with energy for linear

GBW energy dependence for

different VM




The ratio: GBW model =~ ...
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- for linear model x-dependence in Qs (x) = Oy | — we have = A=const.
X0 In1/x

- Non-trivial r-dependence for complete GBW model — rise of the ratio



What causes the difference for W(2s) and J/\W?

0.15F

- Node of the 2s state
- Makes this state (somehow counter-intuitively) more

010} b15(r, 2=0.5) perturbative (cancellation)
$25(r, 2=0.5) ; - Noted before [
0.05_— o 7
N N N and
0.00! , e .
i /// i
e | Here:
0 1 2 3 4 5 6 7 - (Gaussian model, next slide: numerical solution
r[Gev'] to Schrédinger equation etc.

- In common: position of node somehow
constraint through charm mass




Wave function overlap for ¥(2s) and J/W?

e Need to produce VM from photon

e Reduces size of node, but enhanced, once multiplied with

dipole cross-section

Here: use wave function overlap as provided by

eincludes relativistic spin rotation effects + (more)
realistic cc potential

eObtained from numerical solution to non-
relativistic Schrédinger equation & boosted

e Also seen for simple boasted Gaussian

10

—(1
0.0006 - — .3 )(J/‘I’)

10r - 521/ w)

@ _
< _ 10r - 52 (W(25)) |
L3 0.0002 -

0.0000 -
0.01 0.10 1 10
r/fm

harmonic oscillator (HO): U(r) = TQcozr2

i —(1
0.0006 - S (/)

10r -2 (J/w)

2

0.0004 - i(l)(\lf@s)) i

5@ (w(2s))

Y /GeV

0.0002 -

0.0000

0.01 0.10 1 10

Buchmuiller-Tye Potential: Coulomb-like Biéfavior at small r and

a string-like behavior at large r


https://arxiv.org/abs/1812.03001
https://arxiv.org/abs/1901.02664

The role of the node for slope A where O ™~ x

04—

- small, but relevant where linear and
non-linear differ

- Recall: slope of linear GBW = a line at
0.248
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A less trivial model: The DGLAP improved saturation model

Essentially the GBW model with DGLAP evolution

() = 06 {1 e ( 212 o (1) $9(1’»M2)>} :

300
L - O o
Factorization scale originally: p = 2 Ho - N common:
, - for large dipole sizes r,
Recent fit: MQ = 20 A 2
1 — exp(—p2r2/C) - Otherwise ~ C/r

Saturation scale becomes r-dependent — includes correct DGLAP limit for small r

Complementary to BFKL/BK study
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Result
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o(yp — ¥(2s)p)
o(yp — J/¥p)

Perturbative dipole build on conventional PDF

0.30,
| g a(p(n)e’
0.25' _ here:o,2(x, 1) = 3 rexg(x, u(r))
0.20. rod - Use NNPDF NLO fit with NLO small x
: e resummation
o.15:- / - Non-trivial energy dependence + does not
7 really describe cross-section (within our
0.10. framework)
| NPDE NLOANLL. BT \VE - (Cross-section Is approximately constant
0.05:— ol NNPDF NLO+NLL, BT WF
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Discussion
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Difference between J/W and W(2s) at relative large dipole size r

~ull non-linear model: non-trivial x-dependence in this region

_inear model with factorization scale frozen at large dipole size r, there is not much happening
— constant ratio

Trivial for GBW model; also seen for BFKL vs BK (QCD low x evolution)

Prediction depends on VM wave function = the position of the node
15




Conclusion

e Theory predicts a difference in the energy dependence of the ratio of photo production cross-
sections of ¥(2s) and J/¥

eSeen first for comparison gluon distributions subject to BFKL and BK evolution
e\/ery natural explanation within the (too simple) GBW model

eSee it also for model which include DGLAP evolution

Observation depends on non-perturbative vector meson wave function

- In general model dependent
- But node of 2s state is a general feature (magnitude might differ though)
- To reproduce growth of the ratio, need non-trivial behavior of the dipole cross-section in the

infra-red
- Should be a straightforward observable to see effect, it saturation scale is of the order of the

charm mass at LHC (as implied by model studies and fits)
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Backup



inear low x evolution as benchmark —requires precision

(updated version desirable, work has started; not expected too soon)

use: HSS NLO BFKL fit [vH, Salas, Sabio Vera; 1209.1353; 1301.5283]

e uses NLO BFKL kernel
[Fadin, Lipatov: PLB 429 (1998) 127]
+ resummation of
collinear logarithms

e |nitial kKT distribution

from fit to combined
HERA data

[H1 & ZEUS collab. 0911.0884]

Pomeron intercept




gluon with non-linear terms: KS gluon  [Kutak Sapeta; 1205.5035]

6 L ! L L ! L L L L
HERA data —t— 400

* pased on unified (leading order) it non-near  —— .
DGLAP+BFKL framework i«wiecinski 150 200 T,
Martin, Stasto, PRD 56(1997) 39911 5 | LB -

» combined with leading order BK \
evolution [Kutak, Kwiecinski:hep-ph/0303209][Kutak, Z ~—
Stasto; hep-ph/0408117]
e |nitial conditions: fit to combined
HERA data (11 & ze0Us collab. 0911 0884]

e poth non-linear and linear version
available (= non-linearity L2
switched off)
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how to compare to experiment?

(sort of standard procedure for comparing inclusive gluon to exclusive data)

a) analytic properties of scattering amplitude — real part

A=V (5§ = () = ( + tan M?”) SmAPVP(z, t = 0)
~ dInSmA(x, t)

with intercept A(x) i1/
o) differential Xsection at t=0:
V)| = APVRW2 1 = 0)[
dt o 16T ’
. d d
c) from experiment: —(p = Vp) = e PP =5 (yp — V)
t=0
o PTVP(W?) = L _do (vp — Vp) extracted from data
Bp(W) dt t=0
weak energy dependence from Bp(W) = _bo ae' i V| gev-2
slope parameter _ Wo_



