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What is xdvmp ?



xdvmp

Stand alone program in C++. Implements the KMW dipole
based model: b-Sat & b-CGC

Features:
* b-Sat & b-CGC for e+p (following KMW)
® GaussLC and boosted Gaussian wave fct. implemented
e Calculates cross-sections for VM = JAp, @, p
® DGLAP from Francois Gelis
e Qutput = ROOT histos
e Missing: Skewedness (x=x') and Re(A) corrections (~20%)

* e+A (in principle only for b-Sat): following KT & KLV

In Practice : allows simulation (detector, acceptance, ...) by
weighting with o(<your favorite parameters x, 02, ¢t, W, ...>)
provided by xdvmp.



Implementation

xdvmp is a bunch of C and C++ source and header files plus a
Makefile distributed via tarball (untar, make, run ©)

Requires:
e ROOT libraries and header files
e GNU Scientific Library (gsl)
e Code from Francois (DGLAP) and Werner (as) [contained in package]

Syntax:

xdvmp [-v] [-p rho|phi|jpsi] [-m bCGC|bSat] [-w GausLC|bGauss] [-A A] [-d]
[-0] [-n] rootfile

-v verbose mode (more print out)

-p part VM to use: can be rho, phi, or jpsi (default = jpsi)

-m model dipole model to use: can be bSat or bCGC (default = bSat)

-w model VM wave function to use: can be GausLC or bGauss (default = bGauss)

-A A mass number A of target (default = 1 (proton))
-d generate dipole cross-sections histos

-0 generate overlap integrals histos

-n do NOT calculate other cross-section histos

rootfile is the file to which all results (TF1l etc) are written



The Physics
Behind xdvmp



Dipole Model & KWM

Based on:

Exclusive diffractive processes at HERA within the dipole picture, H. Kowalski, L.
Motyka, G. Watt, PhysRev D74, 074016, arXiv:hep-ph/0606272v2

Dipole model:
“‘ZW_‘_ B v s, 1. v fluctuates into qq pair
2. qq scatters elastically on p(A)

. 3. qq pair recombines into y*
’ 4. v* decays into VM

p=< >=p,

Cross-section for production of final state VM:

—E
do %5 ! 1 ‘ /d2 / /d2 o—ilb—(1=2)r]-A daqq
dt " 167 " 167 d2b

: Overlap between
Amplitude photon and VM (D: oIeS )
wave function ross-section
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Overlap Function

L i o(en)or(rn2) = [+ (1 = 2] eks(e)or(r, )}

m?c—V?

(VW) = iy T0Qe(1 — 2) Kaler) |Myonlr2) 46 gt~ 0u(r,3)]

Follows: Forshaw, Sandepen, Shaw description

where:
ér = 2/3,1/3, or 1/4/2, for J/1, ¢, or p mesons
e = VAT Qe Y 1-z ‘ v

D\/\/\/
2 = 2(1-2)Q* +m; 2
z = fraction of photon’s light cone
momentum carried by quark ~p v P
r = dipole size .
my = quark mass q)TL( r,Z ) = VM wave function
My =
NV— 3Vector meson mass V2 = (1/r)0, + 02

Ko.1: Bessel functions
0 =0 or 1 (model/author dependent - here always 1)



VM Wave Functions

Two models:
Gaus-LC dr(r, 2) = Np[z(1 — 2)]? exp(—r? /2R%),
¢1(r,2) = Npz(1 — 2) exp(—1*/2R}).

Meson My /GeV  fiy  my/GeV | Ny R%/GeV™2 N; R2/GeV?
J /1 3.097 0.274 1.4 1.23 6.5 0.83 3.0
) 1.019 0.076 0.14 4.75 16.0 1.41 9.7
p 0.776 0.156 0.14 4.47 21.9 1.79 10.4

Parameters fixed by exp. measured decay
width and N by normalization conditions

Boosted Gaussian

m%+R? 22(1 — 2)r2  mAR?
dr(r,z) = Nrpz(1 — z)exp <_82(1f—z) — ( = ) + f2 )

Meson My /GeV  fiy  my/GeV | Nr N R?/GeV™?  fyr
J /1 3.097 0.274 1.4 0.578 0.575 2.3 0.307
[0 1.019 0.076 0.14 0.919 0.825 11.2 0.075

p 0.776 0.156 0.14 0.911 0.853 12.9 0.182




Dipole Cross-Section: b-Sat Model

dogg _ [1 _ exp <_ 27;CT2&S(M2)339($7 M2)T(b)>]

scale ;12 is related to the dipole size r by

xg 1s evolved from a scale uo? up to p? using LO DGLAP

The initial gluon density at the scale u3 is taken in the form

zg(z, 1p) = Agw™ (1 — )™,
Gluon density for VM production is evaluated at scale:

v = zp(l + My /Q%)

Proton shape: Gaussian or step function, here only former 1s used:

b2

1 _ b2
Te(b) = o BGe 2Bg Bg =4 GeV-2 from fits to HERA data




Dipole Cross-Section: b-Sat Model

Parameters for: xg()

Model T(b) Q*/GeV? My 4./GeV m./GeV | u2/GeV? A, Ag x?/d.o.f.
b-Sat Gaussian [0.25,650] 0.14 1.4 1.17 2.55 0.020 | 193.0/160 = 1.21
b-Sat  Gaussian [0.25,650] 0.14 1.35 1.20 251 0.024 | 190.2/160 = 1.19
b-Sat  Gaussian [0.25,650] 0.14 1.5 1.11 2.64 0.011 | 198.1/160 = 1.24
b-Sat  Gaussian [0.25,650] 0.05 1.4 0.77 3.61 —0.118 | 144.7/160 = 0.90
b-Sat Step [0.25,650] 0.14 1.4 1.50 220 0.071 | 199.6/160 = 1.25
from fits to HERA F, data

How DGLAP is done:
http://ipht.cea.fr/pisp/gelis/Soft/DGLAP/index.html

The method used here for solving these integro-differential equations is based on an idea by
Laurent Schoeffel, explained in the paper "An elegant and fast method to solve QCD evolution

equations" .

This method uses a decomposition of the parton distribution functions and of the splitting functions

into a sum of Laguerre polynomials. The code for computing the coefficients of the Laguerre
decomposition of the splitting functions is a mere translation into C of Laurent Schoeffel's original
FORTRAN code.

To follow KMW only Pgq is used (easy to implement, just a flag)
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Dipole Cross-Section: b-Sat Model

A note on as:

KMW uses the text book version with ni=3 and Aqcp=200 GeV.

I’'m using MRST code | got from Werner (translated into C++).
Here's a comparison:

a 1 — I LI I I I I I I I LI I I:
s 0.9 . —
— — Text book version (nf=3, A ., = 0.2 GeV) B
0.8— e ACCOrding to PDG (adj. A, for ag'(M ) == a]"'(M ) —
0.7 e MRST LO =
= ————————  MRST NLO =
0.6— ~—————  MRST NNLO =
0.5 —
04— —
0.3 —
0.2 —
01—
0 - | |

Q (Ge\J)02

Note: since do/db ~ asxg knowledge of as matters ”



Dipole Cross-Section: b-CGC Model

KMW introduce b dependence to CGC model:

1,2
dogg _ No <%)2(%+m,1 @) <2

= = 2N (x,r,b) =2 X {

|
where depends only on x!

% b2 2’1)/3
Qs = Qs(x,b) = (%) [exp <_2BCGC)]

1 — e~ AIn*(BrQs) CorQs > 2 |

Model  @Q*/GeV? myq./GeV m./GeV | Ny  x0/107% A x2/d.o.f.

b-CGC  [0.25,45] 0.14 1.4 0.417 5.95 0.159 | 211.2/130 = 1.62

Bcae = 5.5 GeV~2

from fits to HERA F, data
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Cross-Section

Having all the ingredients and after performing
angular integrations:

* > 1d OO d
ATEEr =i [Carcemn) [ [ db(emb) (Wp)rs Joo) o (1~ Ara) T,
| = 42b

0

t = —A2?

we are done for the e+p part

Integration is done via multidim. integration routines from ROOT
which are essentially copies from CERNLIB, GSL, and others.
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e+A

Based on
KT: Henri Kowalski , Derek Teaney, PRD68:114005, hep-ph/0304189

KLV: H. Kowalski, T. Lappi, R. Venugopalan, PRL100:022303, arXiv:
0705.3047 [hep-ph]

F(z,r?) =mas (ug + 4/7°) zg (z, ug + 4/r%) /(2N)

A
dadip — 9 {1 . e—TQF(x,T') A Tp<bJ__bL'i,)i| for e+A
d?b | |

The average differential dipole cross-section can be approximated by:

A9, ~o 1o (12 Talbo) ’
d*b, [ 2 dp

where

oo (2o7) = /d2b dogq which can be calculated from the
o d*b b-Sat in e+p
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e+A

do, ~ol1o (1o Tadu) o ’
d*by [ 2 dw

R. Vogt, Nuclear Overlap Functions: Wood-Saxon:

T\ = f dZ,OA(Z, 5) /OA(T) — :001 _|_1e:p?)((7ar/_R§f)/z)

A | Ry (fm) | z (fm) w po (fm=?)
16 2.608 0.513 | -0.051 | 0.1654

Note: Ramona’s parameters

27 3.07 0.519 0. 0.1739 _

40 3.766 0.586 | -0.161 | 0.1699 glve:

63 4.214 0.586 0. 0.1701 2
110 9.33 0.535 . 0.1577 fTA(b) db =A

0
;gg (56'.;284 8223 8 81233 while the above assumes
: : : : [Ta(b) db? =1

NB: Integrals of WS have no analytical solution. This and the
odipP integration make e+A a CPU hog.



Results



e+p: J/ip production, b-Sat model

Gluon Distributions

xdvmp (DGLAP from F Gelis) KMW

T T T T T T T T T 11T 10()_ T T T

solid: Gaussian T(b), m
B 12 =2 GeV?
B 12 =4 GeV?
B 2 =10 GeV?
B 12 =40 GeV?

=0.14 GeV
uds

n.ds

xg(x u?)

dotted: Gaussian T(b), m_ , =0.05 GeV )

dashed: Step T(b).m_, =0.14 GeV

uds

107 10 107
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e+p: J/ip production, b-Sat model

Dipole cross-section

xdvmp (boosted Gaussian)

N
a1
T

do /d%b
qq

1.5/

0.5|

1
y (GeV™)
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e+p: J/ip production, b-Sat model

Qverlap Functions (longitudinal polarized)

>

xdvmp

(P_VW)S
=)
| T T T T 'l° T T T T

¢ r/2)J d

3
urd
o

0.01

0.005

— @2=22.4 GeV?

— Q%2=3.2 GeV?

— Q% =0.05 GeV?

10"

rﬁmf

(1/2) fdz (W, W),

0.025

KMW

Longitudinally polarised J/A4p mesons

002

o
(@)
=
w

0.01

0.005

Labels are Q2 values in GeV’
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e+p: J/ip production, b-Sat model

Qverlap Functions (transversely polarized)

KMW

Transversely polarised J/4p mesons
9_-\025 T T T T T T 1T | T T T T T T 1T 0.025 T T T 1 IIIII
S L i
= [ — Q*=224GeV? i i .
| - =2e.4 e i solid: Boosted Gaussian W,
>+ i dashed: Gaus-LC W,
-ED .02? — Q@?=3.2GeV? 0021 7
= | :
N — Q?=0.05GeV* |
=
0.015- - S 0015
- - .X.Bf
- : N
L i =,
0.01— — & 001
0.005 — 0.005
0
102 10" 0.01
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e+p: J/ip production, b-Sat model

Cross-Sections
xdvmp
C\ﬁos E T T T T T T | T T T | T T T | T T T | T T T E
g : 2 2 .
~ B Q° =0 GeV T
2 K — @%?=3.1 GeV? .
q02 Q%= 6.8 GeV? -
S F Q? =16 GeV? ]
T T ]
e
10-1 E_ _E
C_ 1 1 1 | L1 1 | L1 1 | L1 1 | L1 1 | I N
0 0.2 0.4 0.6 0.8 1 1.2
It (GeV?)

KMW

3 v'P—=Jdyp
NA‘IO g
> F ZEUS
o & ° Q%= 0.0GeV?
T ahe = Q%= 3.1 GeV?
10 &, + Q°= 6.8GeV?
S ¢ v Q?=16.0 GeV?
°
10 ©
1 C
- W=90GeV
Boosted Gaussian ¥,
I | R Gaus-LC Y,
10 ¢
7\\\‘\\\‘\\\‘\\\‘\\\‘\\\

0 02 04 06 08 1 1.2
Itl (GeV?)
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e+p: J/ip production, b-Sat model

Cross-Sections
xdvmp
Se T 5
5.0 W=90 GeV
S t=0 GeV

15

| 20 | | | | 25
Q? (GeV?)

Note:
xdvmp at t=0
KMW integrated over t
KMW
9 v'p—=Jyp
@) L
S 8F
o H1 (40 <W < 160 GeV)
c o ZEUS (W =90 GeV)
Gi Boosted Gaussian W,
- Gaus-LC W,
oS-
4%
3
2=
1 [
L e !
0F | | N
0 5 10 15 20 25
Q? (GeV?)
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e+p: J/ip production, b-Sat model

Cross-Sections: Q2 Dependence
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e+p: J/y production, b-CGC model

Dipole cross-section

xdvmp: b-Sat xdvmp: b-CGC

g
a1
T
N
a1
T

do /d%b
qd

do /d%b
qq

1.5)

0.5




e+p: J/y production, b-CGC model

Cross-sections (Q? dependence)

xdvmp: b-Sat xdvmp b CGC

0%\ 2 Sunl‘l,l T 17T TT ["_2' T T T T T TTT ) C% 2 T
g10 § ,,,,,,,,,,,,,,,,,, ; g10
S 1 £
30— N\ 4 310

1= E 1

10‘11 ! ! """1|0 L L """2 10-1 1 I I N NI 1 1 ||||||2"—
% ?Gevz) 1 10 Q? ?Gevz)

Note: increase of do./dQ? for Q < My, is a feature of the wave function not of the dipole
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e+p: J/y production, b-CGC model

Cross-section

xdvmp: b-Sat

,_\1'1'03 = T | T T T | T T T
% —

g Q2=0 GeV?

2 — @2=3.1GeV?

02 Q2= 6.8 GeV? —
3 Q% =16 GeV? ]
]

iy
o
TTT T7T T 11717

Itl (GeV

xdvmp: b-CGC

-
o
TTT T T T TATT

074\03 = T | T T T | T
% -

g Q% =0 GeV?

‘é — Q@2=3.1 GeV?
02 Q? = 6.8 GeV?

) Q%=16 GeV?

S

1 1.2

Itl (GeV?)
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e+A: JAp production, b-Sat model

Dipole cross-section

xdvmp

N
a1
T

do _/d*b
qq

151

0.5

—b=0GeV"
—b=1GeV"
—b =4 GeV"'
—b=8GeV"'
b =16 GeV"'
—b =32 GeV"'

Here I'm using essentially
the b-Sat model with a
modified dipole cross-
section as given in KLV
paper:

d0$p> ~2|1—-11- TA(bJ')Op ’
d?by 2 dp

Ta: Wood-Saxon

using parameters from R.
Vogt paper (only Pb, Au, Cd,
Cu, Ca, Al, O implemented)
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e+A: JAp production, b-Sat model

Cross-sections

°f>\ T | T T T | T T T
8 —— Q?=0GeV?

Eoz —— Q2=3.1 GeV? E
= Q?=6.8 GeV?

!5 — @%=16 GeV?

10 ~

107

102

06 0.8 1 1.2
Itl (GeV?)

Needs work and ideas ...

(nb/GeV?)
<

t=0

do/dQ?3
)

10"

,,,,,,,,,,,,,,, e S
-Sum -, _ - x=0.014
: Long Q6 :
., Q2 ]
Trans.
! Lol | |2
1 10 % ?czaevz)
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Summary

xdvmp is a C++ implementation of the b-Sat and b-
CGC dipole models

® e+p is implemented, results agree with KWM results
who successfully describe HERA data

® e+A exist but needs work

® Can be used for simulations through weighting of
events with o(7,x,0?,...)

* Needs more testing (and speed improvements)
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