Towards precision determination of uPDFs

M. Hansson (Lund), H. Jung (DESY)

®  Why unintegrated parton density functions (uPDFs) ?

® The parameters of the uPDFs
® State of the art:
@ uPDFs from inclusive measurements
* the problem ....
@ uPDFs from hadronic final state measurements

® Conclusion
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Need for uPDFs: transverse momenta

J. Collins, H. Jung hep-ph/0508280
heavy quarks at HERA heavy quarks at pp Higgs 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

J. Collins, H. Jung hep-ph/0508280
heavy quarks at HERA heavy quarks at pp Higgs at pp
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2 doing kinematics correct at LO, reduces NLO corrections ... NEED uPDFs |
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Evolution of uPDFs and x-section

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

9 USlng Dokshifzer'GribovLipaTovAl‘rar‘elliPar‘isi, Balh‘skiFadinKur‘aevLipaTov or

CiafaloniCaTani Fior‘aniMar‘chesini evo I UT iO n eq UGT iO ns

> CCFM ftreats explicitly real gluon emissions
= according to color coherence ... angular ordering
= angular ordering includes DGLAP and BFKL as limits...
s k. dependence in PDFs: from collinear to k factorization

s cross section (in k, factorization) :
do.jets

dEpdn Z///dfb’g dQ*d. .. [dk]zgAi(zg, kT, Q)] 6i(2g, k7)

2 can be reduced to the collinear limit:

do.jets )
dErdn Z///alﬂ'j dQ%d. ..z fi(z,Q%)5:(z,Q7, ...)
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The parameters of uPDFs

® only gluons densities are considered here ll!

ZCA(Q?,]{J_,Q) — /deAO(xOMUJO) ) CEﬁ()A (ﬁ,kj_,(j)

Ao (x, o) = No~Ps - (1 —x)* - exp (—(keo — p)?/0?)

® jnitial distribution: Ag(zo)
= starting scale for evolution: here 1o = 1.2 GeV

= x-dependence: parameters determined here
2 infrinsic k.-dependence: parameters determined here
® evolution equation: here CCFM is used
2 splitting function: full splitting function including non-sing terms
2 o, parameters: here oas(Mz) =0.118
2 renormalization scale: here p.? + 4m?
> factorization scale: here Q72 +s
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The strategy

inclusive: F, semi-incl.: F,& F.°
x-section, normalization, x-dependence,
x dependence, small larger average k.

average K, fits performed .
fits performed difference to F,..
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final states
x-dependence,
differential in k,

NEW ... presented
here
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uPDF fit to F,: x-dependence

ot X2 _ Z (T _ D)2 LL*N x e HI EPIC 21 (2001) 33
i J’i2 stat + O',L-2 uncor \ 05x=8E—05 CCRM F.-fi
* fit parameters of starting \x 0 1m0.0002
distribution \};\‘\\ A
v Ao, o) = N~ - (1—a)t | WG, weooms
e using F, data H1 \\\\\“\\\\\ '
2 \\\ x=0.0013
(H1 Eur. Phys. J. €21 (2001) 33-61, DESY 00-181) ‘\\\_
5 5 %\\ x=0.002
r < 0.05 Q° >5 GeV N
® parameters: p2 = p; +m? \\\\\\\\ _
7,Q \\\\ x=0.005
1 \\\\\\\ ) x=0.008
mg = 250 MeV,m. = 1.5 GeV \*@\\\\\\\\\\
* Fit (only stat+uncorr): \\\\\i\\\\\
S
Y2 111.8 X
ndf ~ 61 N\
B, = 0.02840.003 10" D
2 similar to DGLAP fits (~1.5) 1 10 10° 10°

0’ (GeV’)
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uPDF fit to F,c: x-dependence

2
Z o2 stat 0.2 sy st o H1 Phys. Lett. B528 (2002) 199
1

7 1 H1 Eur. Phys. I. C45 (2006) 23

' B ZEUS PRDGO (2004) 012004
° fit parameters of starting % x=5E—05 i s o ;f_ﬁ:
iIstributi =0.0001
distribution x=0.00013

x=0.0002
_ —By | _ )4
rAo(x, o) = Nx (1—x) 102 )/ x=0.0005
1
2 USing FZC data H1 —0.002

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

rE RO

Q% > 1 GeV?
* fit result: 2
X _ 188 .44
ndf 20

with B, = 0.286-0.002
2 higher than for F, 121212

Hannes Jung, Towards precision determination of uPDFs, HFS session, DIS2007, Munich



uPDF fit to F,c: x-dependence

2 R - oy
B 2 (I - D) 2
X :Z ( 2 stat 23y3t> Njo 3 12 fit
) g; + g; ?EF .......... new f2c fit
® fit parameters of starting 10 |
distribution :
zAo(z, po) = Nz ™5 - (1 - 5'3)%'0 .
* using F,¢ data H1 . } 1 X L N
(H1 PL;528 (2002) 199, EPJ;4O (2005) 349 ,EPJC45 (2006) 23) 10 -4 10 =3 10 -2 10 -1
Q" >1GeV 2l -
> fitresult: 2 18 $+L 7 N
X188 94 !
ndf 20 :
10
with B, = 0.286+0.002 )
2 higher than for F, 121212 o
2> significant change of UPDF ;45 1. .
2 ....not covered by uncertainty {9 % i0.=> 50> 10 "

obtained from exp uncertainties
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How to resolve discrepancy ?

check with other measurements:

2 DIS di-jet cross sections



uPDFs from di-jets: x-dependence
d3o

dET dz dQ2

rAo(x, o) = Nz P9 . (1 —x)?
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® Using H1 jet measurements o T P rv—
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uPDFs from di-jets: x-dependence

d3o
® x dependence with JEm 4z dQ?
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@ Using H1 jet measurements 1000
(H1 EPJC 33 (2004) 477) 500
2 2
5 < Q%< 100GeV . j\ ,
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uPDFs from di-jets: x-dependence

> Determination of B :
v Ao(xz, o) = Nx~ P9 - (1 — x)*

R
xg(x)=N x B9 (1-x)*
— Et
dpt

10 2

-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Bg

= very similar to F, gluon |
=> even in normalization !
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® resulting gluon distribution:
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uPDFs from di-jets: x-dependence

> determination of B
v Ao(xz, o) = Nx~ P9 - (1 — x)*

xg(x)=N x 29 (1-x)*

Et
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Bg

= very similar to F, gluon |
=> even in normalization !
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resulting gluon distribution:
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How to resolve discrepancy with Fc?

® check other measurements:
o F,°, F, (see talk by N.Zotov in SF)

o F.,b clearly prefers F, solution:
o usingF, fit: x> 74

= — =10.92
ndf 8 0-9

@ using FZC fit: X_2 167 51
ndf 8

® hadronic final states:
® DIS di-jet cross sections
2 also prefer a F, like gluon !l!!
° investigate F,c again
= rise of gluons comes from
lowest x points
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How to resolve discrepancy with Fc?

® check other measurements: o restrict fit to x> 0.0002 gives for
o F,°, F, (see talk by N.Zotov in SF) v Ao(x,po) = Na™ % - (1 - x)*
o F, clearly prefers F, solution: B,=0.15 and x’/ndf N 0.8
o usingF, fit: x* 74 . ° even B, =0028 gives X /ndf =1.1
ndf 8 ' "
o e

o using Fcfit: x> 16.7

= HI Eur. Phys. J. C40 (2005) 349
x=5E—05 s ZEUS PRD69 (2004) 012004
— — 2 1 i3 ¢ —— CCFM Fe-fit
: x=0.00013 m—] CEEVLE S 1 00002
ndf 8 / ]_f:Q'+p13+4m_

x=0.0002 ___ CCFM Fys, x » 0.0002
W=Q +p+4m’ Bg=0.03
10 2 A x=0.0005
@ hadronic final states: —6.002

® DIS di-jet cross sections 10

2 also prefer a F, like gluon !lll - & x=0.005
l 1 : 1 3 x=0.013
® investigate F,c again -
= rise of gluons comes from 0! /ﬁ oo

lowest x points

10
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uPDFs from di-jets: intrinsic k,

~10
= .. o=10Gev | ... u=0.5 GeV

x o=15GeV | . 1=1.0 GeV

E, 10 — pu=1.5GeV, c=1.5 GeV
E
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2
1 10 12 (GevA?

(1 — x)4 - exXp (—(kto — M)Q/UQ)

different intrinsic k.-

distributions only
accessible in uPDFs
sensitive to the mix
of small and large k.

small kt determines
total x-section
large kt influences
perturbative tails ...
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uPDFs from di-jets: k -dependence

sk, dependence with 1 (~(keo — )? /)

e — 0 dA M. Hansson (Lund)
P 8x10” < xg; < 3x10™
2 - e H1 data (prel.)
= 10° = — Cascade (New Fit)
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2 s
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| e~ 1.5
I Er > 5 GeV

o 1 direct determination of intrinsic k. distribution
* consistent with gauss... but other distributions not excluded
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Conclusion

® Full treatment of kinematics in calculations is necessary - NEED uPDFs
@ NLO corrections are MUCH smaller then ....

2 uPDFs are needed for precision calculations at LHC: ... see heavy quarks, Higgs etc ...
®* Determination of free parameters of uPDFs:
® x- dependence:
> fromF, F,c and jets is consistent with a flat gluon distribution

> except smallest x points in F.°
» Kk, - dependence:
2 consistent with a gauss with mean ~ 1.5 and width of ~ 1.5 GeV
9 17 direct and independent determination of intrinsic k. distribution

® Towards precision fits:
2 combination of F, and jets, uncertainties ... to come ...

> 4 uPDFs become fascinating ......
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Backup slides
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uPDFs from di-jets: x-dependence

° X dependence wu‘rh d*o
Y Y O

150

Q5= 6.5 Gev?® Q5= 7 Gev? Q5= T Gev? 5= 7.6 GeV™
W= 000014 |§ o= 000023 o= (LHNI3S o= (LGS
100 +
te * )
50 I\\‘ \. \‘
te .
0 L L r\".;‘——‘—
0 2 4 6 QP = 12 Gev? Q = 12 GeV" Q= 12 Gev? AQFe= 13 Gev’
s0 | o= 000025 | o=000030 | =072 | xe=0.0012
25
bl 3
Cy 0 I Q5= 17 Gev? Q5=17G Iv I-.----'_(-;:_—.l_:'i("lv2
:?I; 0 2 4 B ao= 000038 | =0z | =014
S
-]
ﬂ'U
S T\.\H
- 0 - 3
5] Q5= 23 Ge Q =25 GeV? Q5= 25 Gev?
. . s x> = (LM3 = (LHN)T2 x> = (LN T
® Using H1 jet measurements 2 20 i
10 L]
(H1 EPJC 33 (2004) 477) Eri1>(5+A) GeV T_\ N

5 < Q2 < 100 G6V2 0 0o 2 a i 5= 37 Gev? Q%= 39 Gev?

=(LNOTH | an=LN22

—1 < n < 25 ® HI1 EPJC 33 (2004) 477 5

_CCFM Bg=-0.028

ET > 5 GeV X2 B 231 B Q5= 60Gev? | e(;ﬁ:?l-::lcv2

@ investigate x- and k.- ndf 89 — 2.6

7
/

B

n
-,
L/
L ]
-
)

dependence of starting dist. 0

Hannes Jung, Towards precision determination of uPDFs, HFS session, DIS2007, Munich A (IGeV}



uPDFs from di-jets: x-dependence

d3o
® x dependence with dAndz dQ?

5 < Q%< 10 GeV? 10 < Q% < 30 GeV?
07 :‘-‘-l-.-l Maacc
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® Using H1 jet measurements S
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o investigate x- and k.- ndf ~ 45 e
dependence of starting dist. 2 Compare with
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NLO: x*/ndf ~ 40 °
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uPDFs from di-jets: k -dependence

. d?o . _
» k, dependence with X , With 2 A(z,pg) = N5 - (1= 2)* - exp (= (ko — p)* /")
*

e ¢ ﬁix ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, M. Hansson (Lund)
S 0 8x10° < xg; < 3x10™ D 2 3x10™ < Xg; < 6x10™ 2 F

§ 10 e H1 da;(prel.‘): Bj< * = ﬁ 102§ < Bl< ] §

g - — Cascade (New Fit) = }---- i £ I 13
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s i
S | 8
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2 . . .
5H1 pr'Qel df(;r(c)‘(; 2 ® intrinsic gauss:
e
@< o~ 1.5
—1<n<25 15
N °
Er > 5 GeV H

o 1 direct determination of intrinsic k. distribution
* consistent with gauss... but other distributions not excluded
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