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Un-integrated gluon densities & diffraction

Progress with the CCFM approach
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Parton dynamics at small z: forward jets in DIS and diffraction

CCFM un-integrated gluon
new fits to new data
non leading contributions ...

non-diffractive forward jets

CCFM un-integrated gluon applied to diffraction
diffractive di-jets
diffractive charm

conclusion
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Diffraction and CCFM

Why Is

resolved Pomeron model

not enough ?77??




Diffraction and CCFM

Or
Why Is hadronic final state
IN DIS

Important for diffraction 77?7




Parton dynamics at small «:

Forward Jets and Diffractive Jets

evolution
from large
to small x

"forward’ jet

xjetlarge

DIS and forward jet
17 < njet < 28
Tjet > 0.035

2
0.5 < Ztiet -9

Q2
o(fwd jet)/o(DIS) ~ 1%
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Parton dynamics at small «:

Forward Jets and Diffractive Jets

P X'PE E rapidity gap An

p1

evolution
from large
to small x

"forward’ jet xjetlarge

DIS and forward jet
17 < njet < 28
Tjet > 0.035

2
0.5 < Ztiet -9

Q2
o(fwd jet)/o(DIS) ~ 1%

in diffraction: "forward jet"
close to rapidity gap ...
o (diff dijet) /o (DIS) ~ 1%

understand radiation close to proton
and radiation close to rapidity gap

more than DGLAP needed
k. factorisation with BFKL or CCFM
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Basic idea - k; factorisation

- BGF matrix element
off mass shell

—_JS(CCFM) Q=10GeV

™ evolution of parton cascade

\ initial distribution:

o(ep = €'qq) = [ L QT2 [ dki6(3, ke, Q)zgA(zg, ke, 1)
with [ kg A(zg, b, q) =~ £,G(xg, Q)
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Basic idea - k; factorisation

CCFM

CCFM I

®» angular ordering

. (instead of ¢; ordering)
BGF matrix element .

off mass shell # A,° (non - Sudakov)

—JS(CCFM) Q=10GeV

evolution of parton cascade
with CCFM splitting fcjt.

P = Qs <1iz T %Ans

—JS(CCFM) Q=1GeV

o
’ \» initial distribution: flat o

a(ep — e’QQ) — f d?’yd2c2d;_ggf d2kta-(§7 kta Q)ng(xSH kta q_)
with [ d*kixgA(zg, ke, q) = 1,G(xg,Q°)
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CCFM equation: small and large «

./4(33, kta q_) — -/40(337 kt)As(q_a QO)—l_
[ & [ £20(7— 2q) - AT, 20) P (2, 4. ) A (2, K}, q)

CCFM Splitting fct:  P(z, q, k) = 224020 | s A p (5 g k)
Sudakov Ag(a,b):

1—z

probability for no radiation in |a, b]

‘ angular ordering: ¢ > znGn, @n > Zn—1Gn, s ---, q1 > Qo |

small @ /

[J BFKL limit (z — 0)
[1 angular ordering
— NO restriction on g;

large @ \

[0 DGLAP limit (z > 0)
0 DGLAP splitting fct P with Aps = 1
[1 angular ordering — ¢; ordering
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Non-Sudakov and all - loop resummation

Splitting Fct: P = dalg=2)) | @Ans(z,q, k)

1—z

Non - Sudakov form factor [ all loop resummation:
Ans = exp [ s (k?) 1 dz f de’ g O(k: — q)O(q — z’qt)]

a1+ (k) (1) (i £1%5)'
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CASCADE with CCFM: the solution ...

Solve CCFM equation .
to fit F, data from HERA Sss0 |

S400 |
350

e obtain CCFM un-integrated gl 300 |

250

CASCADE MC im nts CCFM: igg H
e predict fwd Jet x-section at HERA [ 100 |
e predict charm at HERA [ 3 b

e predict bottom at HERA [

0.001 0.002 0.003 0.00:«

o | ppobX, vs=1.8TeV, <1 ]
i j : g DFData
e test universality of un-integrated (ot oo
gluon density from HERA A R — oascase ]

- mDimuons f_'_"‘_'_
e predict bottom at Tevatron [ "] onasgets |
. 0l slnclusive M ;
e w/o additional free parameters RIS\
S Tf‘weoreticol U‘ncertoi‘nty‘ ‘ 3
WOW !
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CCFM with non - leading contributions

# Going beyond leading order CCFM:

[1 non-leading contributions in splitting function
non-singular terms, scale In o,

» NEW

I fit to (94 and 96-97) F;, data from H1 and ZEUS

[ investigation of soft region in cascade, cutoffs, ...

[1 non-leading contributions (non-sing. terms, scale in o)
s

complicated machinery: MC generation of pdf used in fits
(50 ® 2-10° calculations of full evolution for pdf, 3 - 10° for x-section)

# only way for consistent results for hadron level calcs
treat kinematics properly (never done for DGLAP ! )

precision level now reached for k; - factorization
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Structure Function Fy(x, Q?)

together with G.P. Salam, EPJC 19, 351 (2001)

With o = [ dk2dz g A(z,, k2, Q)o (v g* — qq) fit Fo(z, Q?)

(data from H1 Coll, NPB 470 (1996) 3.)

Parameters in fit e i i i I
(fitted forQ2 > 5Gev2,a: < 10_2) 175 — Q*=1.5|- *=2.5 |- Q*=3.5 |- Q=5 Q*=6.5
$» starting scale & cut-off for 15| — casoadE - - -
. 1.25 — — — — —
resolvable branching + - 4 I I
Qo = 1.4 GeV oy, [ R, L 4| i
. 0.25 — — — - L
® freezing of a,(k;) for k; — 0 e = - e
treatment of soft region L oasl oo | s | i
[ see later ol ) . i i I
® quark masses: T I I
n t . L " L n
mg = 0.250 GeV, m. = 1.5 GeV 2| N I I
. 228 = = =
® initial gluon z Ao (z, k%)) 2 i i i
1.75 — — — — Q=90
15 = = =
un-integrated gluon density L I I I
- 0.75 — L L
v A(z, kZ,q) os|- i i i
5 - 0.25 — — — L
obtained from fit to F> L e S A I e M
107 10 10 10 10 '10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
X
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New fits of un-integrated gluon density

® use H1 + ZEUS F; data (from 94

g= 10 GeV
and 96-97) 1o
. C\ll .--...--.....__... :::::::::H““.
® fitfor 2 < 0.01 Q2 > 3.5 GeV? N 5 |
> 1 PEDUEEE Y Y
® fit Qo and normalization o S P \
- - - - _2 - EI .
in initial pdf zAg = N(1 — z)* X 10 f... 352001 ‘
10° k2=0.5 GeV?> k’=1 Gev? ki=10Gev?§
Treatment of soft region 0
no k; ordering [ diffusion into soft .
) 0 o o R
e what about o5 for k; < k" in 10*10°10%10" 0% 10%10% 10" 0% 0% 0% 107" 1
splitting fct and non-Sudakov ? , X X X
[0 non - resolvable branching g 18k
2 ;
[ but keep full kinematics < 10F  =pscev’ K3=1 Gev? K2=10 Gev?
. 14 F
[0 no x-section enhancement —~ 12F_ usq
- - [ [ ut —
[0 no real emission SO 1 Kg00Ge
. : < 08}
[ but keep full kinematics < ol
¢ 5
: _ x 04 Fs
What is actual cut - what is soft? poO02f e e
e JS2001 had soft cut k; > 0.25 GeV 10 "10°10%10 1010 °10 %10 " 10 %1010 210 1
e NOW k; > Qo X X X
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Improve CCFM Splitting Function: a,(q;)

together with G.P. Salam

Original CCFM Splitting Fct:

J _dqqz as(q)O(k: — q)O(q — 2'qr)
2
IOgAnS —t dq2 1

k
f(;(h)z

7*> log(q/Agep)

worry: lower limit 2'q; < Agcp:

e keep angular ordering (integral limits),
O but fix &, below ¢¢“* = 0.9 GeV

| g=5, k=10 GeV

< F — original <2 CF— original
D _S 1_ _S N 7
P=2c (qfiz 2) 4 & ikt)Ans(z,qt,kt) o b 10
— 2 B e !
logAns = _as(kt) o b 10’
1 d dg? !
2’ J FOk —q)O(q — 2'qt) ol . o
4 | —4
10 Sl 10 il
Change scale from k; to g; In as: 10~ 10 10 | 10° 10 10 )
~ _ _ 2 2
P — O’.s(qlt(l—z)) _|_ Oés(qt)AnS(z, qt’kt) Q@WO _____ () &@WO _____ ()
—Zz z
original original
1 dz'
|OgAn5—— 7 10 F 10 F

[ q=10, k=5 GeV
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CCFM including full splitting function

-

-

-®
®

.

original

e improve splitting function ----- fullsplitting <>

Pgg ~ Qs (% 1—z)
[I to include non-singular terms
ng ~ Qs (%AHS_2+Z(1_2)+ 11 )

z

e New attempt (idea by G.P. Salam):

P = &, <(1 2y s z)) Ans+as (1 z T @)
e Need also new Sudakov: a - full splitting
logAs = — 01 dqq dz' ag ( — + 2(1— z)> 10
and new non-Sudakov :
logAns = —a.(k ffdz’ dq (12—,z n z(12—z)) -

original

q=5, k=10 GeV

e soft region in non-Sudakov ?7?? 10 10 10 1
[1 keep angular ordering
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Improve CCFM:
a;(q;) and full splitting Function

# fit F, data S

z < 0.01 Q% > 3.5 GeV? IR SR

new treatment of soft region < 10 F o 5%
®» o (q) 10 ki=p.5 Gev? k?=1 Gev?

s\Yt

x?/N = 1.27 for N = 147 10°
» full splitting N Y S R R R

Y2/N = 1.48 for N = 147 : X y §
$® compare to old set JS2001 18 F — P

Lo Ki=p.5 Gev” ki=1 Gev* k=10 Gev®

2 2
R= XA(X, K5) / XAj55001

3 2 1 5o
10° 107 10° 102 107 1
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New pdfs and forward jets

ij small

evolution
from large
to small x

'forward’ jet

X
@)
=

o
©

250
225
200
175
150
125

100

75
50
25

0

® H1 preliminary
—jets p, > 3.5 GeV

.. hew

— CCFKFM JS2001

..... full splitt.

soft

0.001 0.002 0.003 0.004

old set (JS2001) overshoots data
new fits 0 smaller x-sect.

agree better with new data

even with full splitting fct.

and with a,(q)

X
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Diffractive Di - Jets and CCFM

%KLW calculation _ 4< Q2 <806Gev2,0.1 < y<0.7zp < 0.05 My < 1.6GeV,
GeV, —1.0 < 03t < 2.2

gfpt>4

yp —qq ’
YP —q98 H1 Diffractive Dijets - x,,<0.01
un—integrated < of ¢ HiDaa >
_~ gluon density & 10"F — ccrm-as2001 6 10 oo
A - - new-soft S F
S 10 b full-splitt. {=F - :
(\Il—l - as " I~ tasssessssessssessas
o g | d
E *QJ_ 1 — :=
S S S P
© o B
-D -
10 1
_ 3 I R |
vp — qq (2-gluon exchange) 45 6 7 8 9

J. Bartels, H. Lotter, M. Wusthoff, Phys. Lett. B 379 (1996) 239 p
N. Nikolaev, B.G. Zakharov, Z. Phys. ¢ 53 (1992) 331. Tjets

E. Gotsman, E. Levin, U. Maor, Nucl.Phys. B 493 (1997) 354. g 10 2| %' B
vp — qqg (2-gluon exchange) @ f Q R
J Bartels H Jung M Wusthoff, Eur. Phys. J. c11, 111 1099) "® $$ ; Seqo | T
o 10 | % ------ i -
o - \
1 11 e S I S S—
apply only to z» < 0.01 !1] O | 1|
pert. QCD calculation ... o I
0O 02 04 06 08 1 0 1 2 3
(jets) (IP)
ZIP pT,rem[GeV:I
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Diffractive Di - Jets and CCFM

%KLW calculation _ 4< Q2 <806Gev2,0.1 < y<0.7zp < 0.05 My < 1.6GeV,
Bay >4  GeV, —1.0 < ntal < 2.2

YP —qq
YP —q98 H1 Diffractive Dijets - x,,<0.01
un—integrated < of ¢ HiDaa >
_~ gluon density 2 10°F  — corm-s2001 &
S g0 | i 2
Cl i
= o 1 | ey
o) o] E R
_17
0B
cutoff p, > 2.5 GeV needed e *:Gev]g
e non-ordered emissions: 5 S =
luon 7 = 10°F 3 T
O p? 0" > p®d: ~ 30 % 2 —— S
) ) NT O R $ ~£10 { T
[J  not possible in res. pom 2 Ll L = =
gl g ©
[1  nor SCI : % S
f A R e s—
1 |

E L L L L - ‘ - L ‘ L L L ‘ L L L : L L L L L L L L L L L L
(jets) (IP)
| f z Ge
Gluon from CCFM ¢ p (") [Gev)
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Diffractive Charm and CCFM

%KLW calculation : 0.02 <y < 0.7,1.5 < Q2 < 200 GeV2

yp eqq zp < 0.035,8 < 0.8
1.5 < ps(D*) < 10GeV, [n(D*)| < 1.5

YP —q98
un-—integrated
_ gluon density diffractive D* - diffractive D*
< = e ZEUS prel. Z 65| e ZEUS prel.
Q @ x& 60 I—
3 S — CCFM-JS2001 - 55 |-
© 1 B == new-soft S 50|
- + full-splitt. 45
L o O 40 |
_17
10
vp — qq (2-gluon exchange) -
H Lotter, Phys. Lett. B 406 (1997) 171 10 1
P — QQQ (2-g|uon EXChange) 0 0.2 0.4 0.6 08 0.01 0.02 0.03
J Bartels, H Jung, A Kyrieleis, Eur. Phys. J. C 24, 555 (2002), B Xip

apply only to z» < 0.01 !
pert. QCD calculation ...
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Diffractive Charm and CCFM
ﬁ/B]KLW calculation ' 0.02 < y < 0.7,1.5 < Q2 < 200 Gev2

yp eqq zp < 0.035,8 < 0.8
1.5 < ps(D*) < 10GeV, [n(D*)| < 1.5

YP —q98
un-integrated . _ | |
_~ gluon density R _ diffractive D S diffractive D*
< g « ZEUS prel. Z 65| « ZEUS prel.
2 — @ x& 60 I—
3 e — CCFM-JS2001 - 55 |-
© 1 = = new-soft S s |
= oo full-splitt. 45 |
R 3 a0 |-
|
10 |
l -
cutoff pf " > 1.75 GeV i
. . . 01?
° non-ordered emissions: " E
luon . 0 0.2 0.4 0.6 0.8 0.01 0.02 0.03
|:| ptg > p-(t]’q Y 20 % B Xip

[  not possible in res. pom

7 nor SCI ||| Hard gluon radiation

needed for charm & jets

2707

Gluon from CCFM
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Summary and Conclusions

new CCFM un-integrated pdfs from fits to more F, data
new studies of non-leading effects in CCFM:
soft region, scale in o, and full splitting function

new pdfs agree better with forward jet data ...
even including non-leading effects

e e e

e

un-integrated gluon of proton applied to diffraction
successful for DIF di-jets and charm

much better than res. pomeron ...

Forward Jets and
Diffractive Charm & Jets described

with CCFM un-integrated gluon from proton I ' '
Diffraction from inclusive scattering consistently
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