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ﬂ? Introduction

Meson production in hadron-hadron collisions usually in
collinear 2— 2 approach with phenomenological
fragmentation functions

Sometimes corrected for internal transverse momenta:
#® (a) on-shell approach (Owens, Wang, Levai)

® (b) off-shell approach (no corresponding cross
sections available).

Recently new ideas:

#® (a) Saturation in e p collisions
(assumed not proven!, only total cross section)

#® (b) Unintegrated gluon distributions
(Kharzeev, Levin, McLerran, Gyulassy, etc.)
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ﬂ? Introduction - continued

Shortcomings:

# Often form of UGD assumed (not derived from QCD)
# Instead of hadronization parton-hadron duality

#® No quarks and antiguarks explicit

Recently:

A new method for unintegrated parton (gluons, quarks and
antiquarks) distributions (Kwiecinski)

Limitation: not too small x (not too large energies)

...... Let us try to use them and combine with
phenomenological fragmentation functions
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ﬂ? Previous UGDF studies

Concentrated on AA RHIC collisions only!

pp collisions - A. Szczurek,
Acta Phys. Pol. B34 (2003) 3191

Different UGDF from the literature:

® Golec-Biernat-Wuesthoff — too small transverse
momenta

® Kharzeev-Levin form adjusted to HERA data
— only idea-inspired parametrization

® BFKL —too fast growth with energy
#» Kimber-Martin-Ryskin ?
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ﬂ? Processes included
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Leading-order diagrams for inclusive parton production

|
I UPDF ..., Budapest 2005



ﬂ? g, q, g Inclusive distributions

diagram A(gg—Q)

do 16N, |
dyd?p, N2 —1p’

/QS(Q2) 979/1(.%‘1, /i%) 979/2(1‘2, m%)d(/%’l + /%)2 —ﬁt) d21€1d2/£2 .

diagram Bi(ay 9 — dy)

do 16N, [4\ 1
dyd’p;  N2—1\9) p;

/ozs(ﬂ2) ?qf/l(:rzl, K2) Fg/2(wa, 5)0(Ry + Ro — py) d®kid®ka

diagram B2(g qr — dy)

do 16N, (4\ 1
dyd?p;  N2—1\9) p;

/048(92) F,1(z1, K1) Fq; 2(2, £3)0(R1 + Ro — py) d° K s .
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#lp Kwiecinski parton distributions

QCD-most-consistent approach — CCFM.
In LO convenient to use a space conjugated to transverse

momentum Kwiecinski et al.)

N 1 N
f(xa b7 M2) :2_/ dzﬁ;exp (_ZE | b) 97(3:7 li27 M2)
T
1 N
Foont, i) =5 [ dbexp (iR ) fla )
T

The relation between
Kwiecihski UPDF and the collinear PDF:

el i) = [ fula )
0
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#lp Kwiecinski equations

for a given impact parameter
(Phys.Rev.D68 (2003) 054001)

8fNS(x7b7Q) _ aS(Q2) ! 5
0Q? - 2mQ2 o

afS(xaba Q) . aS(QQ
0Q? 212

+ Pyg(2) /c (gaba Q)} — [2Pgq(2) + 2Pgq(2)] fS(CBab,Q)}

) [Cax{e - o) a1 - 200 [Pute) £5 (£.0.0)

afG<$7baQ) _ aS(Q2) !
0Q? - 2rQ? o

+ Pog(2) [ (0 @)} — [2Pyg(2) + 2Paq(2)] f: (.. @>}

t2{ 0= - 2) Jo((1 = )QB) | Poa(a) £ (£.0.2)
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§lp Nonperturbative effects

Transverse momenta of partons due to:

#® perturbative effects
(solution of the Kwiecinski- CCFM equations),

# nonperturbative effects
(intrinsic momentum distribution of partons)

Take factorized form:
folw, b, p?) = fEFM (2, b, p?) - FIP(b) .

| shall try a flavour and x independent form factor
B2
FgP(b) = F"(b) = exp (Tb%)
May be too simplistic ?
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ﬂ? vp — cc correlations

M. tuszczak and A.Szczurek,
Phys. Lett. B59 (2004) 291
azimuthal correlations

S
N
3
CCFM z grid11
W=18.4 CeV
1 .
i
T
10 ' ' ' ' '
50 100 150
@
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ﬂ? vp — cc correlations

Define: p, = pi; + pa

B CCFM z grid11
W=18.4 GeV
i 1 ’ 3 p 2(Ge\/z)4
Gaussian form factor (by = 0.5GeV?)
[ ]

collaboration data



¢l From momentum space to b space

Assuming that o, = a;(p;) (not explicit function of k7 or 3)
and taking

1
(27)

—

SR+ o~ ) = o [ dbexpl(Ry+ 7 — )

The luminosity function

/ (ﬁ,pt;%)?z (x%pt;(]t) 2,

— 4 [ Fion b o) exp (51 B)

= 4/f1($1,b, ,u2)f2(l’2,b, /LQ) Jo(ptb) 2mbdb

The scale for QCD evolution: ;/* = p7 ?
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ﬂ? b-space formulae

In terms of parton distributions in the conjugated space:

diagram A

do 16N, 1 ~ 0y ,
dydp,  NZ_1p Oés(pf)/"fg/l(:cl,b,u ) Ty oo, b, p1?) Jo(peb) 27b db
diagram B;

do 16N, [4)\ 1 oy [ = o = ,
dyd2p, — N2 —1 (§> ]?_%O‘s(pt)/gjqf/l(iﬁlybaﬂ )?g/Q(«rZ;b;M )Jo(peb) 2b db
diagram B,

do 16N, [4)\ 1 o [~ o = ,
dyd2pt — N02 1 (§> p_%as(pt)/gjg/l(xlabmu )quf/Q(x%b,,u )J()(ptb) 27b db

The scale for QCD evolution: i = p? ?
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&f> PARTONS

J
= 10 e r— z
£
- PARTONS
W =17.3 GeV S o7 W=17.3 GeV
Gaussian form factor
(bo =1 GeV_l)
0.2 GeV < p; < 4 GeV.
diagram A — thin solid line,
diagram B; — dashed line
diagram B, — dotted line, = [
sum — thick solid line. [ - soreo
0 08-06-04-02 0 0.2 04 06 08 1

X¢
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ﬂ? PARTONS, continued

~ 1 O 4 S L B L
- PARTONS
= W=17.3 GeV !
d . B . g 10 3 3 E
Iag ram 1 ' —8 i B into glue—valance - thick dashed

glue—sea Versus glue_valence E B, into glue—sea — thin dashed

B, into valance—glue — thick dotted

diag ram B2: 102 E_ B, into sea—glue — thin dotted _
sea-glue and valence-glue |
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ﬂ? PARTONS, continued

- 10° p——rm——"r—"—r———— : - 10° p—r————"7r——————
> 3 1 > 3
S PARTONS S PARTONS
~N I Diagram A ~N I Diagrams B, + B,
Jeo) Fe)
£ 102 o<, W =27.4 GeV £ 102 F\ "7 % W =27.4 GeV
g ¢ ’ g F X
© ©
R S
o 10 o 10
1 1
1 [ —1
10 F 10
i Gaussian form factor Gaussian form factor
I bo = 1.0 GeV™' I b = 1.0 GeV"™'
-2 -2
10 F 10 F
[ m2Z=0 m?=0.26GCeV* mZ=0 - dotted | [ mZ=0 m?=0.26GeV* mZ=0 - dotted
5 - mZ=0 mf=0.260CeV* m2=0.1GeV* — dashed 1 5 - mZ=0 mf=0.26GeV* mZ=0.1GeV* — dashed
10 1 1 1 1 10 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
p. [GeV] p. [GeV]

W = 27.4 GeV

l<aop <]

Gaussian form factor b, = 1 GeV~!
solid line: freezing prescription for p2

dotted line: shift prescription for u%
dashed line: shift of 2. and modification of denNoMIiN e vor  swmecns
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From partons to hadrons

In the case all diagrams (A+B;+B,) are included:

o) _ [
dnhd2pt,h z

2

A
do_gg—>g (yg7 pt,g)
dyg d2pt>9 Yg=mnp

Pt,g=JPt,h/%

Dg—>h(27 M%)

By
dO—qu—>qf (ny ) pt,qf>

dyqf dzpt,q Yg=np

Pt,q=JPt h/%

3
Z qu—>h(za /'L%))
f=-3

Bs
do—gqf—>qf (yCJf ) pt,qf )

dyqf d2pt,q

3
Z qu—>h(z7 MZD)
f=—3

Yq="p
Pt,q=JPt,n/%

Summing over flavours of quarks and antiquarks !
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Pions

do/dyd®p, Imb/GeV’]

256GeV"' —solid -, -
GeV™'— dashed AN
GeV™'- dotted ~

Kretzer fragmentation functions _

Gaussian form factor

23GeV ®
27GeV W
31GeV A

W
w
w

theory: W = 27.4 GeV

experiment: W = 23, 31 GeV (Alper)
experiment: W = 27.4 GeV (Antreasyan)

do/dyd®p, Imb/GeV’]

5Gev" —solid ., N
GeV~!— dashed N
GeV™'— dotted AN

=00

Kretzer fragmentation functions |
Gaussian form factor

=23GeV @
W = 27GeV
= 31GeV A
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J

Pions, fragmentation function scan

@]
N

do/dyd®p, Imb/GeV’]
o

n=0

n = 0.0

Kretzer fragmentation functions 3
Gaussian form factor b, = 1 GeV™' ]

z = sum — thick solid
z=0-0.1 — solid E
z=0.1 — 0.2 — dashed ]
z=0.2 - 0.5 - dotted

z=0.5-1.0 — dash— dotted

| | | | | | 31

1.2 1.4 1.6 1.8 2
p: [GeV]

Ll

0 0.2 0.4 0.6 0.8 1

W =27.4 GeV
bp =1 GeV!

1025'

10

do/dyd®p, Imb/GeV’]

n = 0.0

Kretzer fragmentation functions 3
Gaussian form factor b, = 1 GeV™"

z = sum — thick solid
z=0-0.1 - solid E
z=0.1 — 0.2 — dashed
z=0.2 - 0.5 — dotted
z=0.5-1.0 — dash— dotted

'R
L]

(13

1l | | | | | | ol

0.2 04 06 0.8 1 12 14 16 1.8 2

p: [GeV]
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J

Fragmentation functions at low scales

2+D(z,)

1.8
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z2xU(z,u)

T T T T T T T T T F—~ 2 T T T T T T T T T
3
[ Kretzer fragmentation functions Ag/ 1.8 | Kretzer fragmentation functions  j
g—>n ® qg —> = (favored )
- 1 16 | :
iy = 1.0 GeV?*— solid 4y = 1.0 GeV*— solid
[ o = 0.26 GeV’— dashed 1 14 | ' =0.26 GeV’— dashed ]
- 1 12 ¢ :
. 1 .
. 0'8 .
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. 0.2 .
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Kretzer fragmentation functions
g = 7 (unfavored )

iy = 1.0 GeV*— solid
Uy = 0.26 GeV’— dashed
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J

Pions, freezing scale for D(z) functions

10

do/dyd®p, Imb/GeV’]

n=0

102 3

n = 0.0

Kretzer fragmentation functions
o = 0.26 GeV*
Goussian form factor b, = 1 GeV™'

z = sum — thick solid
z=0-0.1 — solid E
z=0.1 — 0.2 — dashed ]
z=0.2 - 0.5 - dotted

z=0.5-1.0 — dash— dotted

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
p: [GeV]

W =27.4 GeV
bp =1 GeV!

10

do/dyd®p, Imb/GeV’]

1025'

n = 0.0

Kretzer fragmentation functions
to = 0,26 GeV*
Gaussian form factor b, = 1 GeV™

z = sum — thick solid
z=0-0.1 - solid E
z=0.1 — 0.2 — dashed
z=0.2 - 0.5 — dotted
z=0.5-1.0 — dash— dotted

0.2 04 06 08 1 1.2 1.4 1.6 1.8 2
p: [GeV]
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s Pions, diagram decomposition

z T T T T T T T |‘|I’. B E"'I"'I"'I"'I T LI DL B L
£ £ i -
= 10*} 7T | = 10* . 7T i
X X 3
3 [ Kretzer fragmentation functions 3 [ Kretzer fragmentation functions
o 10° 3 Gaussian form factor, by, = 1.0 GeV™' 3 o 10° 3 Gaussian form factor, by = 1.0 GeV™' -
© F W=17.3CeV © F W=17.3 GeV
102 5
10 F E
1 n -
:1 B
10 i
_2 :
10 3 E
_3 :
10 F . E F : A — solid E
- : B, — dashed ] i F B, — dashed
4t : B, — dotted E L s B, — dotted A
10 - £ 3 3 E
10_5 I ::’ l l l l l l l l l “‘-I ] 10 I '-:. l l l l l l l l I‘;"-
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X¢ X¢

W=17.3 GeV
bp =1 GeV!
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ISR forward rapidities

‘% 102} .
o 5 AN
S
0
£
o W = 23.3 GeV
”} 10k <
©
L
¥ = 22° — solid
1k ¥ = 156° — doshed _
i
| colljnear * |
10 F Y { E
—2
»“O l l l I\ l l l l l
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X

Ed’c/d’p(mb/GeV?)

W = 23.3 GeV

2
10 - ﬂo
W= 23.3 GeV
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¥ =22° — solid
1k ¥ = 15° — dashed |
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| Kretzer LO f.1. v
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#lp 1SR forward rapidities

~ 10> e ~ 10° P S
> '\ v > Al
S 3 0 S 0
< | ~
€ 107 A : € 107 o .
= g s W=2D52.80GeV = s W=D52.8GeV
g Y LN
é i ] 1 ”’3 LI i
L 10k ' g0 =107 — solid L 10 | LI g0 =10 —solid
B ¥ = 5° — dashed ; B L] 8 =5 — dashed
by N E
1 | I - 1 | \\ I -
f P
i N
“ B o 1 P {
° linkak" t ' k,-factoNzation 1
colinear ] Y :
_ it ‘} i [ [ [
107} [ [ 3 10 1 1
F Kretzer LO £.f. i‘\ ] F Kretzer LO £.f. ”
L \‘ 1 [ Bo=05 GeV™'
»]]O 1 1 1 1 1 1 L.y 1 1 10 1 1 1 1 1 1 1 1 1
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#lp PHENIX ¥ data, b, dependence

‘<>\ T T T T 'Ol T
3 TV ]
> W = 200 GeV |
E n=0
o i
5 PHENIX data |
™~ ;
o

"o
o |

0 F Bo= b Q&Y 0y
i by = 0.25 CeV™"' — dotte :

']O -...I...I...I P T
0 2 4 6 8 10 12 14

p: (GeV/c)
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ﬂ? PHENIX 7" data, fragmentation functions

N 10 T T T T
N
> 0
()
o 1} AN
SN W = 200 GeV |
0 10 3 77 = O 3
E |
5 102) PHENIX data ]
O : ]
N sf
2 10 F ;
'g i
-4
w0k E
5|
10 F E
_6 [
10 F 3
-7 E .
10 F i
_8 - Kretzer f.f. — solid ]
10 L AKK f.f. — dashed . i
F BKK f.f. — dotted E
10—9 - Gaussian form factor -
g b, = 0.5 GeV™ ]
10_10 I T T A R S

0 2 4 6 8 10 .12. .14‘
Pt (Ge\//c)
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BRAHMS, collinear approach

d’N/2mpdpdn ((GeV/c)™)

d’N/2mpdpdn ((GeV/c)™)

102 e
+ -
(h*+h7)/2
10 E
2>2
1L W=200GeV |
n = 0.0
—1
10 F E
102} . id
aGram A = dashed
diagram B,+B, — dotted
-3
10 | E
-4
10 F E
=5
10 E
_6 Kretzer LO f.f,
10 b w'=p’
10_7 L L
0 1 2 8
p: (Gev/c)
102 ‘
; h
10 E
2>2
1L W=200CeV |
n =22
-1
10 F E
10°f iid E
umr;r:c/&l_ da
ram B,+B, — dotted
-3
10 F E
-4
10 F E
-5
10 F E
_6 Kretzer LO f.f.
10 w=p E
10_7 L L L
0 1 2 4 5 6 7 8

p. (GeV/c)

d™N/2mpdpdn ((GeV/c)™)

d*N/2npdpdn ((GeV/c)™)

+ -
(h*+h7)/2
: 252
LA W=200GeV |
n=1.0
3 ‘. gfummrr?%lg dashed
. dmgram B;+B, — dotted
Kretzer LO f.f,
Fowi=pd
! ! !
0 1 2 3 8
p. (GeV/c)
T
h-
[ 2>2
L W=200Gev |
n=232
3 31 gron??kl“i dashed |
diagram B,+B, — dotted.
i
[y
Kretzer LO .1~
Eom=pl E
! ! ! ! L
0 1 2 3 4 5 6 7 8

p: (GeV/c)
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BRAHMS, k;-factorization approac

d’N/2mpdpdn ((GeV/c)™)

d’N/2mpdpdn ((GeV/c)™)

, (h* +h7) /2 ]
W = 200 GeV
| nzo 4

BRAHMS data |

Kretzer f.f.

0 1 2 3 4 5 6 7 8

p: (Gev/c)

i h™ |
W = 200 GeV

3 n=22 3

BRAHMS data |

Kretzer f.f.

Gaussian form factor
3 b= 1.0 GeV"} — solid
b = 0.5 GeV™' — dashed]
b = 0.25 GeV™' — dotted
I

0 1 2 3 4 5 6 7 8

p. (GeV/c)

d™N/2mpdpdn ((GeV/c)™)

d*N/2npdpdn ((GeV/c)™)

(h*+h) /2 |
W = 200 GeV
n=1.0 E

BRAHMS data ]

Kretzer f.f,

Gaussian form
bo = 1.0 GeV~! — 50
by = 0.5 GeV™' — doshel
b, = 0.25 GeV™' — dotted
L

5 6 7 8
p: (GeV/c)

w
IS

h™ ]
W = 200 GeV
n=232 E

BRAHMS dota ]

N80 GeV! — solid o
\‘5 GeV™ . dashed]
‘.’g GevV™ — dotﬁec

! ! ! L AV ) L

1 2 3 4 5 6 7 8
pe (GeV/c)
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d’N/2mpdpdn ((GeV/c)™)

d’N/2mpdpdn ((GeV/c)™)

(h"+h) /2
W = 200 GeV
n=20

BRAHMS data

Kretzer f.f.

Diagram A - solid
Diagram By — dashed
Diagram B, — dotted

P (GeV/c)

W = 200 GeV

3 n=22 3

L BRAHMS data |
Kretzer f.f. [N ..

F Diagram A — solid RN
Diogram By — dashed E
Diagram B, — dotted

3 Gaussian form

by =
! ! ! ! !
0 1 2 3 4 5 6
p: (Gev/c)

d™N/2mpdpdn ((GeV/c)™)

d*N/2npdpdn ((GeV/c)™)

BRAHMS, k;-factorization, diagrams

3 Gaussian fory

(h*+h) /2
W = 200 GeV
n=1.0

BRAHMS data

Kretzer f.f,

Diagram A - solid
Diagram B, — dashed
Diagram B, — dotted

0 1 2 3 4 5 6 7 8
p: (GeV/c)
W = 200 GeV
3 n=232 E
L BRAHMS data |
L i ]
Kretzer f.f. . \‘\
E Diagram A — solid \.. N E
Diagram By — dashed\:.. N
Diagram B, — dotted \-. .
E Gabgsian form*factor .
“. by = 0.5GeV™"'
‘ ‘ ‘ L L
0 1 2 3 4 5 6
pe (GeV/c)
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 UAL, k,-factorization

‘<=\ S N A B BN g=\ LI B L B B | T T
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~N E N
E E
— 10 F § W =200 GeV * — 10 F W =200 GeV
O ] O
"o = ‘ o =0
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© 17T Ne) N
w 10 ¥ w10 ]
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—3: —3:
10 F E 10 F E
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10 EKretzer f.f. — solid 3 10 F E
F AKK f.f. — dashed 3
5 [ BKKf.f — dotted Sf
10 "k . 10 .
F Kretzer f.f. [
—6: —6: s
10 F Gaussian form factor 10 F b = 1.0 GeVT| — solid . E
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ﬂ? STAR, forward rapidities

‘<=\ g=\ """""""""""""""""""""""""""
3 3
O ﬂo (@) ﬂo
N N
S W = 200 GeV o] W = 200 GeV
S~ ~ .
Q i = 3.8 i o | = 3.8 i
o 10 - n ] o 10 - n
N [ N [
(&) o
M ™M
O ©
L L
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t [ Vi‘\
.| colline .| k,-factoriza
10 3 E 10 3 ' ] E
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») _»| bo=0.25Gev" dotted \
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ﬂ? m~ /7" ratio at forward rapidities

1 —~——~—T——————T——r——r———

+ | I I I I I I I ]

= - W = 200 GeV

N [ _ ]
09 | n=238 .

(S i Kretzer LO ffs, b, = 0.5 GeV™' solid ]
08 | -
0.7 .
0.6 |
05 |

0.4 |

0.3 |

0.2 |

0.1 | 1
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N try at RHIC

— 7~ asymme

_|_
) (s

proton-proton collisions

200 GeV

gluons,(anti)quarks, W

\;
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2
BT | ©
, =
7
o _
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<+ Q&

BRAHMS can measure !l!
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ﬂ? Both gluons and (anti)quarks

gluons, (anti)quarks, W = 200 GeV

UAS data

i -t 102:'I""I""I""I""l':
& ]
g CCFM(b) partons 1
S ]

© Kretzer frag.fun,
iy 10 F —

N

1 F =

_1 Y, \
10 e da g g1y g g Ny a 1y
-5-250 25 5
UL

|
I UPDF ..., Budapest 2005



ﬂ? Homework to be done

# Testing uPDF's and/or "7 (b, z,...,7,...) IN:
» Drell-Yan dimuon production
» Prompt photon production
» Heavy quark production/correlations
» Jet correlations

#® Missing mechanisms of particle production:
» 7 — g (low-energy problem?)

s remnant frag. and/or leading baryons
(fragmentation region?)

» stripping of the pion cloud (camel-like shape?)
» diffractive production (fragmentation region?)

#® NLO for parton/particle production
(important for larger p; ?).

® Resonance decays explicitly ?
(important at small p; ) =
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