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| HC: the most energetic
photcm source ever built

| two ions (protons) pass
~each other with impact
parameters b > 2 R—
hadronic interactions
strongly suppressed

T ~* high photon flux ~ Z= well
- described by Weizsacker-
Willlams approximation
(electromagnetic field = a
beam of quasi real

photons)

photon induced collisions
at the TeV scale
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exclusive photo production
Xsec. of J/Psi ~ gluon?

ultra small x ~ region
102-10° accessible at the
LHC

UPC vector meson
production (VM) = a tool to
access the potentially
saturated proton

shown: ALICE data (arXiv:
1406:7819) and HERA data
(ep scattering)
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Kinematics

* energy squared W2=(p + Q)2
t: momentum transfer

* probe proton and therefore gluon at
X = Myme/(W2 - mp?)

* HERA constrains gluon down to

x=10"4,
UPCs: gain order of magnitude
— |earn about the low x gluon



In 1/x
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and explore (maybe?) a new regime:
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saturation?

* gluon distribution grows like a

power at low X

at some x: low density
approximation invalid,
patrons “overlap”,

recombination effects

consequence: growth with 1/x
slows down

already reached in UPCs at

LHC? (saturation models describe
data ...)



In 1/x

Y_

low x evolution (very schematic)

 BFKL:
alrﬂ/x G(X, k) — K@G

e BK:
On1/x G(X, K) = KeG - GeG

e K:the BFKL kernel

NLL:

1 s
2
Aqep In Q?
Og ~ 1 Og < 1

* BFKL = low density limit of BK
evolution

Question: Can BFKL evolve ‘HERA gluon’ to LHC values
and describe UPC data on VM production or do already
require non-linear effects?



Ingredients of our study NLO BFKL gluon density

The underlying NLO BFKL fit

e @)= [ [ o (&) e ()

virtual photon: quarks mass-less, ns = 4 fixed

2

2 2 o q
. q C q — =
proton impact factor: ® (—,5) — ( ) e 0
"\ Q3 m'(8) \ Q3

free parameters of proton impact factor from fit to
combined HERA data

==> allows for definition of unintegrated gluon density

i

d 2
Gz, k*, Q%) = / ; Ferr(z, k2, %)) (q—>

Q3

virt. photon impact factor Qo/GeV ) C Aqcp/ GeV
fit 1 leading order (LO) 0.28 8.4 | 1.50 0.21
fit 2 | LO with kinematic improvements 0.28 6.5 | 2.35 0.21

Martin Hentschinski (BUAP) BFKL & the growth of the VM Xsec. September 4, 2016 11 / 31



Ingredients of our study NLO BFKL gluon density

Good description of cominbed HERA (11 & zeus coliab. 0911.0884]
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dea:
use BFKL HERA fit &
apply it to UPC data

task: relate exclusive photoproduction to inclusive gluon
distribution (use DGLAP procedure)



Introduction

The framework of this BFKL study

procedure:
a) calculate diff. Xsec. att =0

=> exclusive scattering amplitude can be expressed through inclusive
gluon distribution

do(t do(t =
b) parametrize t dependence olt) _ do(t =0) . e~ 1tIBD(W)

dt dt |
W .

slope Bp(W) = by + 4a’ In T - fix parameters by (HERA) data

0
(here: values proposed by )

1 doYP—Vp
=> cross-section: oP7VP(W) =
W= 5w @
—— -

-~

phenomenological BFKL / theory
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Introduction

relate 2 pictures of the BFKL Pomeron

a) exclusive photo-production of b) proton structure functions:

vector mesons:

J/U, Y

‘uncut’ Pomeron: diffractive/elastic ‘cut’ Pomeron: high multiplicity
scattering (amplitude level) events (total X-sec.)
A(S, t) Otot — %%mA(S,t — O)
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Introduction

The setup: diff. Xsec. at ¢t =0

a) imaginary part of scattering amplitude:

» unintegrated gluon density from
NLO BFKL fit to combined HERA

data
» impact factor v — J/¥, T from

light-front wave function used in
dipole model studies

b) real part:
» SmA(W?,t) dominant, real part
can be numerically large

=> recover real part using
dispersion relation
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Ingredients of our study Impact factor v — V

Vector mesons & dipole models ...

factorization into light-front wave function & dipole amplitude
e.g.

1
ImAYL PV (Wt =0) =2 /d% /de/ Z—Z (UL W) N (z,7,b),
: o A
light-front wave function overlap

erelNg
! m3 Ko(myr)gr(r,z) — [2° + (1 — 2)*] myK1(myr)0r¢r(r, 2)
wz(1 — 2)
scalar parts of VM wave function: boosted Gaussian wave-functions with

Brodsky-Huang-Lepage prescription

(qu/\Ij)T —

2152 2 2152
1s mles 22(1 — Z)T mles
- | — _ _ |
7 (r,z) = Nrz(1l — z) exp < 31— 2) R + 5

free parameters fixed through normalization condition & leptonic decay width I',— _+:

Meson | mys/GeV Nr | R?/GeV™? | My /GeV | 8R™?/GeV? | My /GeV?

J /1 me = 1.27 | 0.596 2.45 3.097 3.27 2.40
T mp = 4.2 | 0.481 0.57 9.460 15.38 22.42

use parameters obtained by
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Ingredients of our study Impact factor v — V

From wave functions to impact factors
BFKL study requires impact factor in v space @y 1 (7):

1
IMAY PTVP(W,t =0) = 2/d2b/d2r/ Z—i (Uy¥)r(r) -ooN (z,r)
0

2+ZOO MQ M2 Y
/ 27_‘_2 / ( €L, 2 ) M27Q077> V,T<7727 ) (Q% )

can be derived using relation dipole <+ unintegrated gluon e.g.

2
/d bN(z,r b) = N dkzk (1 — eik'r) oGz, k) .

yields

2 252
T (1 — 2R2 . miR mfR2 1 _ ~
Ovr(v,z, M) = €éf87T2NT () (2 7) ( My ) e Bl e 2 <8Z( Z))

my 8z(1 — 2) M?R?

[U (2_%1, in)) F2 (-2 By (3—%2, SZ{?Z)H ,

[U(a, b, z) hypergeometric function of the second kind or Kummer's function]
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Ingredients of our study Amplitude: Real part from imaginary part

The setup: diff. Xsec. at t =0

a) imaginary part of scattering amplitude:

V' unintegrated gluon density from
NLO BFKL fit to combined HERA
data

V" impact factor v — J/¥, T from

light-front wave function used in
dipole model studies ....

b) real part:
X SmA(W?,t) dominant, real part
can be numerically large

=> recover real part using
dispersion relation
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Ingredients of our study Amplitude: Real part from imaginary part

» for t = 0 the (pseudo-)inclusive process fixes imaginary part of
A(W? t = 0) of the exclusive process;

Re A(W?2, 1) T dln A(W?2 t)
SmA(W2, 1) = tan7 , with A = T2

» Common approach:

follows from analytic representation of scattering amplitudes of
(scalar) particles in the Regge limit for positive signature

» Often: A\ = const. == constant ratio of real & imaginary part
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Ingredients of our study Amplitude: Real part from imaginary part

Real part from imaginary part

here: reconstruct real part through using representation in w-Mellin space,
conjugate to W?:

e dw (1" W M?
A(W? 1) = / o (5> (z + tan 7) a(w,t), == 7 —sz%
§—ico
partial wave a(w,t) can be fixed from imaginart part
1o 5
a(w’o):ai[jm< ;) /_‘I"”T”’ B ol {wx(lv,%i)

2

) 2500 (1) (8N.) [_ 5 (65— ) — din [®v (v, z)]] }

(e H)] .

yields energy dependent ratio of real & imaginary part
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Ingredients of our study Amplitude: Real part from imaginary part

energy dependence of (1) = ReA/Im.A
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| A =w,(fit 2)
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- energy dependence
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Results & Conclusions

Comparison to data

» provide results for both HERA fits (standard (fit 1) & kinematic
improved (fit 2) LO impact factor)

» hard scale M?:

- photoproduction scale M, = My /2

(Mgp)J/qj — 2.40 GeV?

(M2,) ., = 22.42 GeV?

- impact factor motivated: M? = 873‘_/2 — eliminates (...)" factor &
minimizes NLO running coupling correction related to impact factor

(M) 5/ =327 GeV?

(M) ;4 = 15.38 GeV?
» (hard) running coupling scale M = M, but vary in range
[M?/2, M? - 2] to check stability of result

» fix normalization by low energy ALICE (J/W) and H1 () data point
— K-factor
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o(yp — J/¥p)nb]

o(yp — YTp)[pb]

Results & Conclusions
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Results & Conclusions

Caveats ....

» both BFKL HERA fit & VM photoproduction use LO impact factor
=> |arge corrections at NLO possible

» BFKL HERA fit for ny = 4 mass-less quarks

both effects should affect the normalization, not so much W -dependence

» unintegrated gluon density can develop instability at ultra-small x:

%—Hoo
> 1 dy . K\
G(ajak 7M)_§1/ 2_7'('7, g(CE,’Y) (Q_(2)>
() ~ (E)XQ,%;) | 1+@§50X0(’7) o (1) (6 —) +1o %2—8
g 7Y T 8NC g T Y gQg Y Y

» will enter at some point region a?In(1/x) ~ 1 == control of such
terms will become necessary
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iNnstead of conclusions: final considerations

the given description is the most straight-forward: take HERA fit,
calculate necessary impact factor/coefficient, evolve to lower x
— works very good without tuning etc.

Question: do we hide on-set of saturation in the linear NLO term?
Answer: We don’t know

Way out 1: re-fit HERA data with BFKL Green’s function which
provides eternal growth (if possible) and see what happens ....

Way out 2: Look at different observables ...



inclusive DIS, exclusive photo-
oroduction: ~ to N(x,r,b)

(dipole amplitude= prob. to -
scatter with proton gluon field) .
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recent theory study: g
§le

3 parton production in DIS lg
~—

involves higher correlators ff

— in Gaussian approzximation as function of
N(x,r) + expand O(N)

there are potential similar processes in UPCs
— need to explore, can be measured? ...
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Results & Conclusions

Observations:

» K -factor: small for fit 2, sizeable for
fit 1 — likely related to the impact
factors in used in the HERA fit
(massless, ny = 4, (C1/C2)* = 2.45)

» common correction not included:
GPD motivated factor to take into
account 2’ # x; currently calculated
for collinear pdf

=> to be calculated
for k1 factorized BFKL impact factor

very good description of W -dependence

Wy > 471 GeV & Wr > 669 GeV = beyond region of incl. HERA fit
(from 2 = 4.3-107° to z = 3.5-107°%) == direct test of BFKL evolution
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Introduction

Existing description of data

. work pretty well

» J/W: power-law fit to HERA data o ~ W0-67
» collinear factorization: NLO fits

» saturation models: |Psat, bCGC, rcBK

» see also

BFKL special:
don't fit W -dependence, but calculate from perturbative low x evolution

don't evoke saturation (= effects beyond BFKL)

LHC: reach ultra-small x values ~ 4 - 107°% not constrained by HERA
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Introduction

The setup: diff. Xsec. at ¢t =0

a) imaginary part of scattering amplitude:

» unintegrated gluon density from
NLO BFKL fit to combined HERA

data
» impact factor v — J/¥, T from

light-front wave function used in
dipole model studies

b) real part:
» SmA(W?,t) dominant, real part
can be numerically large

=> recover real part using
dispersion relation
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Ingredients of our study Impact factor v — V

The setup: diff. Xsec. at ¢t =0

a) imaginary part of scattering amplitude:

calculate diff. Xsec. att =0

V' unintegrated gluon density from
NLO BFKL fit to combined HERA

data

X impact factor v — J/W¥, T from
light-front wave function used in
dipole model studies ....

X ...
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Observations

o K-factor small for fit 2, sizeable for fit 1
likely related to the impact factors used in the HERA fit

(massless quarks, ni=4, (C+1/C2)2=2.45)

e common “GPD” correction not included; known for collinear
pdf, need to be re-calculated within high energy
factorization

e very good description of W-dependence, going beyond
HERA region



