Status of uPDF fits

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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Evolution of uPDFs and x-section

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

9 US|n9 Dokshi‘rzer‘GribovLipa‘rovAI‘rarelliParisi, Bali‘rskiFadinKur‘aevLipaTov or

CiafaloniCa‘mniFioraniMarchesini evo I UTIOH eq UGT IOHS

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

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

dErdn Z///d% dQ*d... [dk]zgAi(zg, kT, Q)] 6i(xg, k7)

2 can be reduced to the collinear limit:

do.jets )
dEpdn Z///dx dQ%d. ..z fi(z,Q%)6:(=,Q%, ....)
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The parameters of uPDFs

® only gluons densities are considered here !!!

37“4(5’77]@_7(7) — /dCUO-AO(anMO) ) 50“2[ (ia klvg)

v Ao (2 ,0) = No~ 5o (1—2)* - exp (—(kuo — 1)/ %)

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

= x-dependence: parameters determined here
2 intfrinsic k.-dependence: parameters determined here
@ evolution equation: here CCFM is used
2 splitting function: full splitting function including non-sing terms
2 s parameters: here as(Mz)=0.118
2 renormalization scale: here p.? + 4m?
> factorization scale:  here Q2 +s
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The strategy

inclusive: F, semi-incl.: F.& F.° final states
x-section, normalization, x-dependence, x-dependence,

x dependence, small larger average k. differential in k,
average kf fits performed NEW ... presented
fits per'for'med difference to FZ" here
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uPDF fit to F.: x-dependence

bt 2 _ (T - D)2 LL*N \ e HI1 EPIC 21 (2001) 33
X = Z <0’L2 stat -+ O'zZ uneor \ 05X=BE—U5 \CCF]WIL.,-f"ltJ
* fit parameters of starting \& 0 20,0002
distribution \:\\\\\ x=0.000%2
zAo(z,p0) = Nz~ P9 - (1 — x)* 10 \\\\\i\;\\\\\ X=0-0008
K x=0.0008
» using F, data H1 \\\\\\\ _
2 \\\\\ x=0.0013
(H1 Eur. Phys. J. €21 (2001) 33-61, DESY 00-181) \\‘\\\\
2 2 \\\\ x=0.002
r < 0.05 Q° >5 GeV \\\\\\\\\ 0.0052
° parameters: ; = p; +mgq \\\\\\\\\\ . x=0.005
1 \\\\\\\\\ | . x=0.008
mg = 250MeV,m. = 1.5 GeV \\\\\\a\\\\\\
® Fit (only stat+uncorr): \\\1\\\\\\\
Y2 1118 X
ndf 61
B, = 0.028+ 0.003 10" D
1 10 10° 10>

2 similar to DGLAP fits (~1.5)
0’ (GeV’)
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uPDF fit to F.,©: x-dependence

° fit parameters of starting
distribution

rAo(x,p0) = Noz=Po - (1 —2)*

» using F,¢ data H1

(H1 PLB528 (2002) 199, EPJC 40 (2005) 349 EPJCA45 (2006) 23)

Q? > 1 GeV?
° fitresult: x> 188
— = —=0.94
ndf 20 0-9

with B, = 0.286 £ 0.002
2 higher than for F,/2/2/21
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@ x=5E—-05
x=0.000153
x=0.0002
/ X=D.ODO5

H1 Phys. Lett. B528 (2002) 199
HI1 Eur. Phys. J. C45 (2006) 23
H1 Eur. Phys. J. C40 (2005) 349
ZEUS PRDA9 (2004) 012004

——— CCFM Fye-fit

rEH®

=0.002




uPDF fit to F.,©: x-dependence

° fit parameters of starting
distribution

rAo(x, o) = Nz Po - (1 —2)*

10
I c
» using F,¢ data H1 10
(H1PLB528 (2002) 199, EPJC 40 (2005) 349 EPJC45 (2006) 23) 1
Q? > 1 GeV? 10 ¢
= |
° fitresult: x* 188 R

== — =094
ndf 20 0-9

with By = 0.286 & 0.002

> higher than for F,/2/2/? 10

2 significant change of uPDF 49
2 ... not covered by uncertainty
obtained from exp uncertainties
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new f2c fit




How to resolve discrepancy ?

check with other measurements:

2 DIS di-jet cross sections



uPDFs from di-jets: x-dependence

d3o
dET® dx dQ)?
cAo(x, o) = Nz P9 . (1 —z)?

® x dependence with

5< Q%< 10 GeV? 10 < Q% < 30 GeV?

whex 1710 17100 ex 310

<
S .7
2 10
E"OE ,1_L= * .L.-L—_!_
ui 105
E 10:L . 1710 < x <3 10 .1—4—|== S x5 107
Nc 10 N
=) 2 — 310 x <5107 5107 xe 107
m_: :E ) - ‘L-jz .
1 510 px< 107 107 e« 33107
. . 10 :; = —
® Using H1 jet measurements e — P S ——
10
(H1 EPJC 33 (2004) 477) I...
5 < Q2 < 100 GeV2 e H1 EPJC 33 (2004) 477 192 1=!=
—_CCFM Bg=-0.028
—1 < n < 25 10 510% cx e 107
B, = 0.028 T
Er > 5 GeV 1 - Y
. . 2
e investigate x- and k.- dependence X~ _ 966 L5 10
L nd 37 :
of starting dist. f 1021 .

10 20 30 40 50 60 70
Eq . (GEV)

1 ayc s
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uPDFs from di-jets: x-dependence

® Using H1 jet measurements
(H1 EPJC 33 (2004) 477)

5 < Q? <100 GeV?
-1 <n<25
Er > 5 GeV
® investigate x- and k.- dependence

of starting dist.
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d3o

® xdependence with Emet dy dQ?

FryE s e e b e ey e
Crass seclions

5< @ <10 Gev® 5= Q%< 10 GeV® 5=0%< 10 GeV® 5 < Q%< 10 GeV*
800 |- Wwex<1710% L 17100 x <3107 | 3107 <x«510° | 510%<x« 107
600
400
0
10 < @° < 30 GeV? 10 < @ = 30 GeV? 10 = @ < 30 GeV? 10 < Q% < 30 GeV?
1500} 17107 x<310™ | 3100 «x<510" F 5107 «x< 107 - 107 ex« 33107
1000
500
D —aﬂﬂﬂrﬂﬁk\hL |
30 < Q° < 100 GeV* 30 < G < 100 Gev2ft -3 -2 1 4 3 -2 -
800 | sttexc w0t |
600
400 sensitivity:
200 -3 —1
].() <<: :1327 <<: ES ° ].()
0
-4 -3 2 1 -4
Xg

raye 1v



uPDFs from di-jets: x-dependence

> Determination of B
Ao (z,p0) = Nz~ P9 - (1 — 2)*

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 !l
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® resulting gluon distribution:
E_: : f2c fit (old) - :2
510 fﬁcT??EE????ﬂh_ ::::3 ki=1 GeV”
ST AE——-__
1F
- N
10 L
| \
10 ™9 L1 ||1|||N I I i Ll AR ENET
-4 - -2 -1
10 10°° 10 10 x
<10 ¢
‘;’L 12 fit ___ jets Bg=0
> . jets Bg=0.028
= 1 = ___ jets Bg=-0.028 k=10 GeV*
10 |
10
1 0 - L1 1 opiun L1aLt
-4 - - -
10 10° 107 107" <
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uPDFs from di-jets: x-dependence

 determination of B : ® resulting gluon distribution:
_B 4 e 4 Gel
tAo(x,p0) = Na™ 77 - (1 — ) 2
<10 F
o - . 2 fit . st
xg(x} N x'Bg (1_1}‘“ > :_.__‘ f2c tit (old) s2
fa] 0 §_--‘ 53 Ki=1 GeV~
Et S kQ .\x\\‘m%\ B
dpt
f3c 1L
10 1
\
10" R el
10~ - 02 107" x
N'—:lo E
wj*-.: ; . F2fit ___ jets Bg=0
> . jets Bg=0.028
< 1 b ___ jets Bg=-0.028 k2=10 GeV?
10 |
-0.2-0.1 0 0.10.20.30.4050.6 0.7 0.8
Bd 1o0-
= very similar to F, gluon ! )
. . . 10 L 1 L1 1uunl Liann
=> even in normalization !l a 3 2 -1
10 10 10 10 x
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How to resolve discrepancy with Fc?

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

s F.° clearly prefers F, solution:

o using F, fit: x> _ 74 _ 0.02
ndf 8 '
o wusing Fefitt x* _ 167
ndf 8 '

® hadronic final states:
® DIS di-jet cross sections

2 also prefer a F, like gluon !l!!
® investigate F,° again
2 rise of gluons comes from
lowest x points
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How to resolve discrepancy with Fc?

check other measurements:

F.b, FL (see talk by N.Zotov in SF)

F.,° clearly prefers F, solution:

using F, fit: _
ndf 8

using Fc fit: x* _ 167 _
ndf 8

hadronic final states:
DIS di-jet cross sections

investigate F,c again

2 7.4
X _ %002

2.1

2 also prefer a F, like gluon !lll

2 rise of gluons comes from

lowest x points
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restrict fit fo x> 0.0002 gives for

.

103

102

10

x=5E—-05
—— CCFM Fe-fit
—— CCFM Fy, x » 0.0002

x=0.00013 el 2
W=Q +p2+4m
x=0.0002 ____ cCcRMEg: x5 00002

x=0.0005

10

A
=0.002
& x=0.005
"
1 I x=0.013
-1
10 /ﬁ o0

W =Q +p F+4m” Bg=0.03

Ao (z,p0) = Naz= B9 - (1 — 2)?
2
B, =015 and X" /ndf =0.8
. 2 _
> even B, = 0.028 gives X /ndf =1.1
< 10* _
. Tyl 00
® HI1 Eur. Phys. J. C40 (2005) 349
A ZEUS PRD69 (2004) 012004




uPDFs from di-jets: intrinsic k.

v A(x,pug) = Na™5% - (1 —x)* - exp (— (ko — p)?/0”)

2
3 e e 1S ool ° different intrinsic k-
10 i sehomiegey distributions only
1 (=10 GeV? accessible in uPDFs
_ ® sensitive to the mix
10 of small and large k.
10 2 small kt determines
10 total x-section

2 large kt influences
perturbative tails ...

10

10 |

10 ) b aaaaal paaal P AL BT
-1 -1 2
10 1 10 EIGBJQ 1 10 I@(GBV%(J

Hannes Jung, Towards precision determination of uPDFs, HFS session, DIS2007, Munich Page 15



uPDFs from di-jets: k -dependence

s k. dependence with 1
o dA

(_(kto - H)Z/UQ)

M. Hansson (Lund)

N 8x10° < Xg < 310° FEE 3x107 < xg < 6x10° 3
B | e Hidata(prel) U g B : 3
g 10? = — Cascade (New Fit) - 10°E El
3 [ —NLO3jet § - : §
_g"’ - £5% NLO 2-jet N &
£ 10F 4 B 1oL 13
T peeeeeesx - o ® ﬁ
£§ - * A 1o
L ° _:_‘
------------- TermrTrr S
o . R A A AR ]
Q  r . 5 18 p o
S e 7 - 18 ¢
N SN - 12 7 e
0 20 40 60 80 100 120 140 160 180 P R Y ST
Ao* (deg. 0 20 40 60 80 100 120 140 160 18( 0 20 40 60 80 100 120 140 160 180
- 0" (deg.) A0* (deg.) A" (deq.)
jet1 I 1 . . .
5H 22'"26' dﬂ)?)(} 2 ® intrinsic gauss:
£ =—— ko < < c
; o~ 1.5
P ~1<n<25 .
e ~ L
Er > 5 GeV H
1- ° ° ° ° ° ° ° ° °
o 1% direct determination of intrinsic k,_distribution
o

consistent with gauss.
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.. 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:
 from F,,Fy and jets is consistent with a flat gluon distribution
2> except smallest x points in F°

° k, - dependence:
> consistent with a gauss with mean ~ 1.5 and width of ~ 1.5 GeV
2 1 direct and independent determination of intrinsic k. distribution
®  Towards precision fits:
2> combination of F, and jets, uncertainties ... to come ...

-> 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
deltapt xsection x
dAdzx dQ)?

150

Q5= 6.5 Gev?® Q5= 7 Gev? Q5= T Gev? 5= 7.6 GeV™
o= 000014 |§ o o= 0.00023 ao= (LNN39 ao= (LGS
100 +
te * )
50 $
I\‘ \. \‘. *e
0 L L r\".;‘——‘—
0 2 4 6 QP = 12 Gev? Q = 12 GeV" Q= 12 Gev? AQFe= 13 Gev’
50 | o= 000025 | g o= 000030 | co= 000072 | ae=0012
25
bl 3
Cy 0 I Q5= 17 Gev’ Q5=17G Iv I-.----'_(-;:_—.l_:'i("lv2
:?I; 0 2 4 B o= 040038 |, 07z | x>= (NN 2
S
-]
% ) [\r\
ﬂ'U
S T\.\H
- 0 - 3
. . =} 5= 23 Ge Q =25 GeV* =25 Gev?
| US'”Q Hl JeT measuremenTS “.g 20 axr = (LNM43 =000072 | o = (LN T
(H1 EPJC 33 (2004) 477) Erq{ > (5 + A) GeVio T‘\ N

5 < Q2 < 100 GeV2 0 0o 2 a i 5= 37 Gev? i Q%= 39 Gev?

= (LINMITH an=LN22

—1 < n < 2.5 ® HI1 EPJC 33 (2004) 477 5

_CCFM Bg=-0.028

ET > 5 GeV X2 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.
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uPDFs from di-jets: x-dependence

d3o
® x dependence with d|An|dz dQ?

”; 5 < Q%< 10 GeV? 10 < Q2 < 30 GeV?
D 7
o Malag
2 X =
' - - ¥: 8 117 4o
- S 10° II—_0—|__ —‘=‘=|==I__._=¢=
o =] i
< >4
- 5 1.7..3 I=F —¥— ey
> g 10 5 IE:II _*_ e .
© r‘!b —— 3.5
- © . ——_o—| = _¥_ 5,10
\ = 10 > 510 LF‘
U 1113...33
@ Using H1 jet measurements o 1 2 3 4 30 < Q7 < 100 GeV*
J J 103+
(H1 EPJC 33 (2004) 477) '—¢—$ )
2 2 e H1 EPJC 33 (2004) 477 xno”
b <@ <100GeV  CCFM Bg0.028 o = o . 4
—1 2. _
<n<2.5 B, = —0.028 L
E
T > 5 GeV X2:91-2:201o
@ investigate x- and k.- dependence ndf 45 ' e
of starting dist. > Compare with NLO:,
XQ/nC#z -~ 40 0 1 2 3 4 5
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uPDFs from di-jets: k -dependence

: d’c
s k. dependence with
Ao* dx
2 [ 8<10° < xg; < 3x10™ 2 1
g 10? = e H1 data (prel.) g
< - — Cascade (New Fit) @ [---=: c
5 | — Cascade (A0Q) g
3 --- Cascade (J2003 set2) [ =="=""" b1
= 10 . = ;i_
g 00 [T 5
5 B
o

0020 40 60 80 100 120 140 160 180
Ad* (deq.)

,,,,,,,

MC/Data

cwith  zA(z,pug) = No™5% - (1
MR VTS pr TS
0« | ' E

o
T

MC/Data

0026 20 60 80 100 120 140 160 8¢
A0* (deg.)
H1 prel data
5 < Q?<100GeV?
-1 <n<25
Er > 5 GeV
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)t exp (— (ko — p)?/ %)
M. Hansson (Lund)

00 20 40 60 80 100 120 140 160 180
Ad* (deq.)

Infrinsic gauss:
o~ 1.5

o~ 1.5

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