Gluon determination from F, and F °

H. Jung (DESY)

@ Towards precision determiantion of uPDFs ....
@ why unintegrated parton density functions (uUPDFs) ?

» Determination of uPDFs using F,, F}°

@ |s it all consistent ?

@ What tells collinear approach ?
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Need for uPDFs: transverse momenta

J. Collins, H. Jung hep-ph/0508280

heavy quarks at HERA Higgs at pp

heavy quarks at pp
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=>» NLO corrections will be very large for these LO processes
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Need for uPDFs: transverse momenta

heavy quarks at HERA
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J. Collins, H. Jung hep-ph/0508280
Higgs at pp
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= doing kinematics correct at LO, reduces NLO corrections ... NEED uPDFs !!!!
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Applications: beauty at HERA and LHC

from Proceedings of the HERA-LHC workshop hep-ph/0601013

Cross sections at parton level in central region
MNR (massive NLO) — FONLL (matched NLL) — CASCADE (uPDF)
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‘ “Perfect” agreement of NLO(FMNR) calculation with
CASCADE using uPDFs 11
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Evolution of uPDFs and x-section

» unintegrated PDFs (uPDFs): keep full k. dependence during perturbative
evolution

9 USing DokshitzerGribovLipatovAItareIIiParisi, BalitskiFadinKuraevLipatov or

Ciafaloni Catani Fiorani M archesini eVO| Utl on eq u at|0 NS

= CCFM treats explicitly real gluon emissions
=» according to color coherence ... angular ordering
=» angular ordering includes DGLAP and BFKL as limits...
» kdependence in PDFs: from collinear to k factorization

e cross section (in k factorization)
O.]ets 2 5
dEdn Z///dmg dQ*d [dklng (xg,kbq)} (xgakL)
2 can be reduced to the collinear limit:

do.jets )
dE7dn = Z///d:c dQ%d. ..z fi(z,Q%)6;(x,Q%,....)
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Evolution of uPDFs and x-section Il

» only gluons densities are considered here !!!
a evolve with CCFM using

¥ full gluon splitting function and as(Mz) = 0.118
x  starting scale for evolution Q¢ = 1.2 GeV

Fitting uPDFs:

» using FitPDF (E. Perez [Saclay])
2 applicable also for collinear DGLAP evolution
2 allowing different treatment of correlated systematic uncertainties
» uPDF is a convolution of starting distribution Ao (7o) with perturbative
evolution: _ r ~( x _
'CCA(:Ea kJ_? Q) — /dCIZOAo(ZE()) - —A (_7 kJ_a Q>
L0 L0
@ (Calculate x-section for x,C¥ for inclusive quantities

@  QOptionally use full event simulation including parton showering and
hadronization of CASCADE MC generator for final state predictions

s  optimize parameters in starting distribution Ao(zo) with x°
» General procedure, applicable also for DGLAP fits
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Fit to F, data

e HI1 EPJC 21 (2001) 33

£

2

2 (T - D) 05

9 X = Z <0_2 Stal T 0_2 uncor) : x=8E-05

; ; x=0.00013 — CCPMETR

e fit parameters of starting

//
distribution %A . Xz:iis;
rg(x,ud) = Nz~ P . (1 —z)? 10 % x=0.0008

s using F, data H1

x=0.002
(H1 Eur. Phys. J. C21 (2001) 33-61, DESY 00-181)

5 x=0.0032
z < 0.05 Q*>5 GeV .
o parameters: u; =p; +m; 1 x=0.008
mg = 250 MeV, m., = 1.5 GeV
@  Fit (only stat+uncorr):
2 111.8
X —1.83
ndf 61 o' Wz oo
B, =0.018+£0.003 i 16 102 103
2 similar to DGLAP fits (~1.5) QZ (GeVZ)
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Fit to F,data: checking results

T . . ¥ 2 param Fitto F,
s Check sensitivity to parameterization B xg0x)=N x5 (141% (1-D 0
2\ —B C
xg(@, o) = No™ 7 - (1 —2)™ (1 — D)
T | 2 param Fitto F, Ll 3
104
3 | | Py sl moll | |
10 4 2 0O 2 4 B 8 10D
: c,
o C 2 param Fitto F,
xg{x)=N x Pa (1-x)%a [1. B xg(x)=N x®a (1-x)% (1-D x)
102}
:|||||||||||||||||||||||||||||||

-0.1 -0.05 O 005 01 D05 D2
B 10 |
» B

e Strong sensitivity to small x part B,

@ Clear preference for large x parameters.
> keep C and D_fixed in fit.... 1
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Fit to F,data: o_

@ (Check sensitivity to alphas
@ sensitive to:

= 5
aS(lu) ) CCA(%,]{J_,Q) EC,_
4.5 |
@ here use (1-loop): 2 | 2paramFittoF,
! 3.5 |
o () ~ -
1Og Agcd 3 [
®  Agea ~0.13 gives: 25 |
2 [
as(Mz) =0.118
15
L3
0.5 :I|I‘I|||‘|||||II||‘||||‘||||

005 01 015 0.2 025 0.3
A

Hannes Jung, GGI — high density wrokshop, Firenze 2007 Page 9

acd



Fit to F° data

G (yg—c&) — F,

2
a 2 Z (1" D) Y 3
2 t & I s. Lett. B3
0.2 stat + O-i sys B H1 Phys. Lett. B528 (2002) 199

; 7 _ ® HI Eur. Phys. I. C45 (2006) 23
v x=0.0002 u HI1 Eur. Phys, I. C40 (2005) 349

o fit parameters of starting * 23S FRDG 08 1280
dIS’[rIbU’[IOH ----- CCEM F,-fit

rg(x, pug) = Na™5 - (1 —x)*
e using F,° data H1

(H1 PLB528 (2002) 199, EPJC 40 (2005) 349 ,EPJC45 (2006) 23)

Q? > 1 GeV?

- ) fit reSUH:: X_2 — 18'8 — 0.94 ;,"’: :’,""' '/__—" ________ o=t 13
ndf 20 ’ g
with B, = 0.2864 0.002 ;
. 0.032
> higher than for F, /?/?7/?!
2
X 190.4
> — = —— = 3.81
compare to | 4¢ ~ " 5g L
for gluon from F, fit 1 o 0> 0 0
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Fit to F.° data

2
@ 2 (T_D)
X = Z (02 stat syst)

~ \ o7t + o
@ fit parameters of starting
distribution
rg(x, pug) = Na™5 - (1 —x)*

e using F,° data H1

(H1 PLB528 (2002) 199, EPJC 40 (2005) 349 ,EPJC45 (2006) 23)

Q? > 1 GeV?
2
o fitresult: X~ _ 188 4
ndf 20 0-9

with B, = 0.286=0.002
@ uncertainty obtained with CTEQ
(eigenvector) method, using

Ax* =1 but, CTEQ uses
tolerance T2 =100 for global fits....
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;

® HI1 Phys. Lett. B528 (2002) 199

_ ® HI Eur. Phys. J. C45 (2006) 23
x=0.00023 Hi B4 PhYs: T 643 53003 330

—— CCFM E,efit
x=0.0005

O’ (GeV’)
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Fit to F.° data

® H1 Phys. Lett. B528 (2002) 199
x=0.0002" H1 Eur. Phys. J. C45 E2006% 23

2
s 2= Z (T — Dg .
0.2 stat + O-i sy st fx

7 1 * ® HI1 Eur. Phys. J. C40 (2005) 349
o fit parameters of starting —— CORMEyfit
. . . 10 2L x=0.0005
distribution i
2y __ —B 4 N
xg(x,uy) = Nx~ 79 - (1 —x) : P

» using F°data H1 10

(H1 PLB528 (2002) 199, EPJC 40 (2005) 349 ,EPJC45 (2006) 23)

QQ > 1 GeV2 1 E_ x=0.013
5 -
o fitresult: X~ _ 188 0.94 I
ndf 20 ' af

10 x=0.032

with B, = 0.286+0.002

= significant change of uPDF 10

O’ (GeV’)
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Fit to F,° data: uPDF

(T . _D)2 o =4 Gev
? X2 — 2 : 2 stat 2 uncor “‘?:lo 2= _
i O-’i, _'_ O-’I: c\lxi—- A f2 fit -
K T S new f2c¢ fit
»<

e fit parameters of starting

distribution
rg(x, pug) = No™5% - (1 —x)*

b

e using F,° data H1

s
-1

k3=1 GeV?

(H1 PLB528 (2002) 199, EPJC 40 (2005) 349 ,EPJC45 (2006) 23) 10

Lo 10 10 10 -
2 % :_ ........... s2
X 18.8 LI =S
e fit result: H—df - 20 = 0.94 I
10 L
with B, = 0.286+0.002 10}
> higher than for F, /?!?1?! s
10 L vl 1l 1 il 1
10 10~° 102 10" .
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Calculating F,: sensitive to gluon

A. Kotikov, A. Lipatov, N. Zot
o, (1g—qq — F; otikov ipatov otov
Y
T’Lg— W = 276 GeV
1.0 I TTTI1 | | I T T TTTI | | I T T 1111 | | I T 1T TT1
g ¢ _ | A1 orelim —e— |
g |, e 2l H1 98-00 ¢' data —*—

C g H198-00 e data —&— |
o [ FZ fit 1
@ calculate contribution to

F, in k-factorization

@ similar level of
agreement for CCFM
uPDF as obtained in
collinear factorization
with best parametrization

FL@)

_02 Lol | L1 1 riitrt | L1 1 11itrt ] L1 11111
10° 10 102 10°
Q° (GeV?)
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Geometric scaling: F, and F°

o(p)

e HI EPIC 21 (2001} 33

.-$. L7
o
10

CASCADE F2 fit

1 N -
s
=
%
3.
L ]
..
L]
]
[
5
10
1072 10" 1 10 107 10
O? R? (GeV?)
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do we expect geometric scaling also for F_° ?

10

@ HI Phys. Lett. B528 (2002) 199

e ZEUS PRDGY (2004) 012004

10 1 10 102 10° 10
P R (GeV)
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Geometric scaling: F, and F °

—_—
=
" —
o
¥, e [HI1 EPIC 21 {2001) 33
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do we expect geometric scaling also for F_° ?
2 even not when changing scale to Q* +m2?

10

o(p)

10

® [HI Phys. Lett. BS28 (2002) 199

® YEUS PRDOGY (2004 ) 0 12004

L Q> + m?

10

10 1 10 10° 10° 1C
P R rzoVP)
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Fit of intrinsic k. distribution

@ Fit parameters of intrinsic
k. distribution

e (1)

o

o fit results from F, fit
ki ~ 0.8
o~ 0.5

. 2
@ small changein X
@ essentially no sensitivity
from F°

Hannes Jung, GGI — high density wrokshop, Firenze 2007

m=4GCeV

set qg=1.2 fit
set gauss-fit

k3=1 GeV? k3=10 GeV?
10 -: 1 i L i 1 | L1 |
-4 -3 -2 4 -3 2 1
10 10 10 10 10 10 10 10
2 * -
~10 )
= PO— set qg=1.2 fit
QEL ________ set gauss-fit
X
<
>

2
1 10 2 (gevd?
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k inF,

» investigate k from Monte Carlo using uPDF

yE > Ty L = 2 K
| L 3.5

1 2 1.5 L Ll

10

i
[

10

10

i
I

10

e == T A
" . g 3

8}

10

i
[

10

0O 2 4 6 8B 10120 2 4 6 8 10120 2 4 6 8 10120 2 4 6 8 10120 2 4 6 8 10 12

> F,dominated by small kt ..... large size %
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k in F,and F

» investigate k. from Monte Carlo using uPDF
1 *=1.8 =4 P=7
0 by N T
n LLI_l_L f ney : L
- B t
SO S S S
1 | =11 L =18 | 2*=30
10-4 :_ﬁzjq_ ;rrh;i_ _ﬁ 1 L
: : L : -
. T N |
10~k L - ;I_L_ - ‘—Iﬁl
1 =60 I =130
o - L j"I _'__I__l—l
e i S
07~ |—ﬁ__—|_| ) _IH 1
0O 2 4 (] 8 10 12 0O 2 4 6 8 10 12
kt
o Fro ... has larger kt (~1 -2 GeV) ..... smaller size dipole ....
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Gluon from F,and F

@ investigations:
x suppress small k. region for F,
with different ansaetze:
X linear suppression
x  GBW k. distribution
= no significant change in
steepness of gluon

a fit parameters for GBW agree with
original formulation

@ fit parameters for gaussian kt are
reasonable ....

2 what makes F_°so differernt from
F,?

Hannes Jung, GGI — high density wrokshop, Firenze 2007

__ setqg=1.2fit
.. GBWiit

10 ¢ k?=1 GeV? k?=10 GeV?
10 PRt T It MR o Crer T PRI ETTT B S IR A TTT B SR TTT M
-4 -3 -2 -1 -4 -3 L -1
10 10 10 10 10 10 10 10
9 X X
<105 _
i 3 s set qg=1.2 fit
y:- i GBWfit
<
3
10 Fili | R ET | T | o a ol
10" 1 10 T 10 0’
lé(Ge\]z? k?(GeV%
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What tells collinear factorization ?

@ Are similar effects seen in collinear factorization using DGLAP ?

@ Howto constrain parton densities:
=> in collinear factorization is much more tricky ...
= Howito tell the difference of gluon and sea ?
= howto find appropriate parameterization ?
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Fit to F.° In collinear approach

o Frfrom F,fit o Frfrom Frfit

. 107 . lodp
[_I_:‘ﬂ E & H1Phys. Lett. BS28 [2002)| LI_,N y & HI Phys. Lett. B328 (2002)[:
L W H1 Eut. Phys. J. C45 [2006][: - = M1 Eut. Phys. I. C45 (2006)):
- M ,—00002 = {4l Ear Bhe I CAD Ezc-:ﬁ; : i x=0.0002  m i1 Eor Phys. 1. CI0 EZC'DSIJI :
$ " $
2 i =0.0005 20 x=0.0005
10" | H=h 10° | ;
L 2 2 =0.002 £ =000
10 10 = $
- $ %=0.005 i E % =0.005
1 F x=0.013 4 " wERRhlS
-1 -1
LU = «=0.032 19 w=0.032
- =2
102 L adul Ll Ll L1 1111l 10 T T L1l LS e L
5 3 2 3
1 10 10 10 1 10 10 10
g
O (GeV?) O (GeV’)
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Fit to F.° In collinear approach

s 9:' RN R LI s
o S s Q= 4 GeV? .
@  Significantly steeper gluon g 7t — F2c massive]
required from F_° 5 % N it
. . 5F —
@ using FitPDF from E. Perez ik .
e compare gluon from F, (H1 3f :
published) and F fits ..... °F ;
O_I 1Ic|)'4 - 107 10"
@ gluon comes out very X
different... consistent picture ? s
. . o - ' L ' R ' e
> fix gluon with F 9 225F. Q° = 1000 GeV* :
: : 5 20F — F2c massive £
= fit quarks with F, “arsf :
= consistent fit ? 5E E
1251 =
100 ]
7.5F =
51 E
25— =
:
107
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F.c in NLO,NNLO

PHYSICAL REVIEW D 73, 054019 (2006)

ES at NLO and NNLO

R. Thorne

Q°=3.75 Ge V"’

{}2 T IIIIIII TIT IIIIII Trr IIIIII TTT IIIIII UL BLLELL {}25 'I TT IIIIIII TIT IIII1
2 v}
Q=1.75 GeV~ |
=== NNLO o2 b
015 — )
'"5 MNLO
=
01 + $ Hi il
" 0.1
005 -
0.05
1 IIIIIIII 1 IIIIIIII 1 IIIIIIII -I I 1L 1L 1 IIIIIIII 1 IIIIII‘
0 0
-5 4 i3 2 -1 -5 4 E;
10 10 10 10 10 1 10 10 10
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s

xg(x,Q")

-

xg(x,Q")

Gluon LO , NLO and NNLO

. NLO fit
Ny ERSeEEs NINLO fit
W e LO fit

P’
LETTHT:

Q°=2 GeV’

IIIIIIII IIIII|,|,|J 1 IIII [1T]

10 10 10 10 1

4 3 ) 1

Q=20 GeV?

107°

4

E -3 i i
10 0" 10 10 1

X

15

0

50

30

R. Thorne, hep-ph/0511351
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X
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Conclusion

e Full treatment of kinematics in calculations is necessary — NEED uPDFs
@ NLO corrections are MUCH smaller then ...
=>» uPDFs are needed for precision calculations at LHC:
see heavy quarks, Higgs etc ...

> first real uPDF fits to data from HERA presented !!!!

e f, data suggest flat gluon distribution
» F/data suggest steeply rising gluon distribution

o very different from F, gluon !!!|

@ even for collinear case !!!
2 do we see new effects, saturation etc ?

=>» Heavy quark measurements could be the tool
for saturation ... 111111 2292992222797
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Backup slides
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Fit to F,° data: checking results

Check sensitivity to parameterization
zg(x, pg) = Na™P - (1 — 2) (1 - Dyx)

10" 2paramFittoF,°
F xg(x)=N x "9 (1-x)*

10 |

1 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0201 0D 010203040506 0.7 0.8
Bg

Strong sensitivity to small x rise
Sensitivity to large x parts...

Hannes Jung, GGI — high density wrokshop, Firenze 2007
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2 param Fitto F, ©

xg(x}=N x = (1-x)°9 {1-Dg x)

2 3 | 5 6 7 8
Cg
t 2 param Fitto F,°
F xg(x)=N x * (1-x)* (1-Dg x)
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Fit to F, data

A

oS

. ® HI1 EPJC 21 (2001) 33

2
(T B D) x=5E—'95"

o = ’
X 2 : 0.2 stat + 0.2 uncor ~ x=8E—05 CICHM.Fy-fil
¢ ¢ < %x=0.00013 COPM Fye-fit

@ fit parameters of starting
distribution

rg(z, pug) = Nz~ % - (1 —z)* '

e using F, data H1

(H1 Eur. Phys. J. C21 (2001) 33-61, DESY 00-181)

r < 0.0l Q% >5 GeV?

@ Fit (only stat+uncorr):

B, = 0.018+ 0.003 from F,

B, = 0.286=+ 0.002from F .

O’ (GeV?)
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F,with GLR effects (EHKQS)

@ use F2 HERA data
@ fit with DGLAP+GLRMQ

K. Eskola, H. Honkanen, V. Kolhinen, L. Qiu, C.Salgado
EHKQS (Nucl.Phys.B660:211-224,2003)

dxg dxg 1 9
~ — =K
T0g 7~ Alog @ | ppap 1 ° 1

]_D:l [ LR | T T oI rorrTTT

Qy =l4Gey. T CTEQ6IL |
st —— EHKQS
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Advantage of uPDFs

Advantage of uPDF:

= possibility to separate no-branching

piece from resolvable branching
contributions

What is actually fitted ?

= Fit adjusts mainly the no-branching
contribution

=2 large kit region fixed by evolution
=2 influence on final state predictions

Hannes Jung, GGI — high density wrokshop, Firenze 2007

=4 GeV

new f2c fit
new fit f2

K3=10 GeV?

newf2c-nobran
newf2-nobran

S
-
S

new f2c¢ fit
new fit 12

newf2c-nobran
newf2-nobran




Application to D* + jets in P

@ (Geros analysis

; 10 6 — d f2
S e poeS @ Hi - sdeneNe
‘:2 1 - 4 | 2cptc3
g
\:< 10 | 2
Q [
: o
T i 3 ‘
s 10 S \ \ | | \ \ ! \ 5 2 |
S - — 3c ptc 45
2 3 4 5 6 7 8 9 101112 -E><
* " 1
p(D*) (GeV) = $ | :
! &
o
a 8 | — cascadenew f2c b‘” |
= cascade paper ©
-ES_— ° | 04 Srmasssnassaanse 4.5 plc 85
< ; :
a 4 I .
;f 2 0.2 ! I
s <1 @ FE___—4 _ |\ 1 frmmmmmmeemeeeaaa
° \ | | | |
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D* + Jets In D

w=4GeV

e chi**2 for inclusive D* (pt and eta)
o F,gluon:

X% =2232/13 = 1.72 Wl e )

~..
.
g
L
~

-
I3 T
[y
[
S
1y
'
'
[
[

10 F
° new FZC g|UOn 10-3;' k3=0.5 GeV? /kfﬂv/ k$=10 GeV?
af !
X° = 24.33/13 = 1.87 10|

=> no big effect from new fit

= although gluon is very differ <
2> ~p — D* 4 X propesTdifferent ;é
Xg range: < z, >= —2.5 and 10|
<k, >=3.7 comparedto F2c 1}
> s still consistent 0}
- use sensitivity to kt from jets e
10 1 10 10 10 1 10 10 10 1 10 10 10
K2 (GeV?) K2 (GeV?) K2 (GeV?)
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F2c in dipole model:

o K.Golec-Biernat and

' 8
Ssapeta “'NO.S i Q=2cev? | Q=4 GeV® | F=7 GeV*®
hep_ph/0607276 ® ZEUS 98-00 ——— this analysis
O Hi 9697 (BGK + heavy)
041 o w9900 -=:--  GBW + heavy||

= 30 GeV*

Figure 4: Predictions for the charm structure function F§° in the BGK model with heavy quarks
(solid lines). The predictions in the GBW model [1] are shown for reference (dashed lines).
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F2c in dipole model:

H.Kowalski and D.Teaney = @ =1.8 4 7
0.4 | Gev® -
hep-ph/0304189 s \;\‘\
o "ﬁ-—.___ %\ i
11 18 S0
o4 | |
N ;
“ -
ol 80 130 10 10 10
0.2
3
ik
1w 1w w? 1w w? w®
x

FIla. 11: A comparison of the measured FY [32] to the results
of the model.

The dipole model makes a direct prediction for the in-
clusive charm contribution to F,. In the dipole approach
the charm quark distribution is caleulated from the gluon
distribution. Figure 11 shows a comparison between the
measured and predicted walues of the charm structuare
function F§¥. The results depend weakly on the charm
mass. The pood agreement with data for both ZETS
and H1 experiments [32, 33] confirms the consistency of
the model and supports the dipole picture.

Hannes Jung, GGI — high density wrokshop, Firenze 2007 Page 34



