


Gosta in Hamburg

@ (Gosta Gustafson was/is guest professor at Hamburg university
@ |ecture series on

Color Dipoles

@ available as webcast and mp4

http://webcast.desy.de/webcast_archiv.htm.de
http://www.terascale.de/research_topics/rtl_physics_analysis/lectures/

@ many discussion sessions and mini workshops on saturation and
multiparton interactions, also with Al Mueller et al

@ paper and contributions to discussion week on Dipole Shower with
Pino Marchesini

@ common project of DAAD and STINT for exchange between DESY
and Lund

@ many new things we learned, both on experimental and theoreftical
issues...

Thanks very much Gosta for being here

H. Jung, HERA and small x, Miniworkshop on small x, saturation and multiparton interactions, DESY, 30. March 2009
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Dipoles are forever,
They are all I need to
please me,

They can stimulate and
Tease me, .....
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Plan for tonight
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Small x processes at HERA

H. Jung (DESY, University Antwerp)

* Measurements we have
* do we really understand small x
* what next ?

H. Jung, HERA and small x, Miniworkshop on small x, saturation and multiparton interactions, DESY, 30. March 2009



I DIS: the probe for high energy PDFs

R

KKK‘ ’
<

PN

Deep Inelastic Scattering is a
incoherent sumof etqg —e+gq
only 50 % of p momentum
carried by quarks

need a large gluon component
partonic part convoluted with
parton density function fi(x)
BUT we know, PDF depends on
resolution scale Q'

oletp—etX) = Zfi(x,Q2)0(e+qi — et q;)
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Remember the pre-HERA times

» Just before HERA started in ° Ist HERA data 1992
1992, new PDF fits (NLO HL Nucl. Phys. B407 (1993) 515

2 2
: = 8.5 Gel’ = 15 Gel?
DGLAP) were released, using all . P e o LA
existing high precision data
: MRS D*
ar — MRS D™ 1
Martin, Stirling, Roberts Apr 1992. : __ g@gws :
Phys.Rev.D47:867-882,1993. : oL :
up S0 M LG M L 2L ] j
F | L
: P (x, 0f = 20Gev?) - 19 -
3 1M |
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DIS

F;n-]lngm(x]

perfect description of precise
measurements of HUGE range in x
and Q?
Theory works well.....

= extract parton densities, which
are universal ....

= to be used for any process with
protons in initial state

3

L

HERA F,

obtain precise PDFs

oletp —etX) = Zfi(x,QQ)a(e+qi — et q;)

L x=6.32E-5 |4 600102

% x=0.000161
i *
|

L ]

E= ZEUS NLO QCD fit
—— H1 PDF 2000 it

= H1 92400

+ H1 {prelL) 9940
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PDFs ... (combined H1 & ZEUS)

® quark and gluon PDFs H1 and ZEUS Combined PDF Fit
g T gucey 18 T eacev?
H1 and ZEUS Combined PDF Fit 08 | 1% 0af :
. 11— : : — HERAPDF0.1(prel.)
| Q*=10Gev> |8 " 1 O e
4 ] E- 04 . 04 F f
. —— HERAPDF0.1 (prel) ) N [ .
B exp. uncert.
0 0

[ | model uncert. ] e Scanl sl pasd

0.6

04

0.2

HERA Structure Functions Working Group

“ 11 11 1 L 1 Ll L 1 L1111 —~ [
10 ] 102 3 1

- very precise measurment of s A
integrated pdfs ...
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What happens at small x ?

@ slope
2\ .—A(O0?)
F2(:B7Q ) £ 0.5 [rr——rr—rrr
@ flattens at @ H1(F;=tix7)
0.4 | o ZEUS (F, < x™) 1 o
Vv 0GeVT '
Q s ZEUS p° (6 X W?) il

@ suggestive for saturation 0.3 hadron—hadron EH%T
and transition to non- < |
perturbative region

. 0.2 |

@ dipole models can [ .

parameterise this Il | ,+ i
@ how to deal with this in R

partonic picture ? |

D 7] BT BRI TS W R R TT] B S S R R vl 0 s el MRERIT
10° 102 10" 1 10 10°
Q*(GeV?)
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Consequences: cross sections

dahard p2
Thard (P min) = / 2 dpg( L)dpi
. 1

p_l_mln

@ (Cross section at Tevatron/LHC

.E a EHLQ E 3 g CTEQ5L
— 10 — LHC partonic x-section — 10°F ——— LHC partonic x-section
“E 2 — LHC total x-section - ” ; —— LHC total x-section
E 10 © rrorrir T e T T T T TR T TSI T T T T T E10
g | £ |
© 10 | © 10 |
1k 1)
10 | 10 |
-2 . -2f . < e
10 | -----Tevatron partonic x-sectiort., 10 [ -----Tevatron partonic x-section,
-3 e Tevatron total x-section 10 3 =---- Tevatron total x-section
10| .
g -4
10l pre-HERA PDF 10 | recent PDFs
; 5|
5K i | Ll 11 | [
10 | I | | | ] | | I | 10 2
2
1 10 10 v 10 e
=> Partonic x-section eRceeeds total x-section i
- with HERA PDFs .... at larger values of p,_ . !l
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Consequences: cross sections

doyara (P
O_hard(pimin) :/ = 2(pJ_)dp3_
p

2
1l min

@ Cross section at Tevatron/LHC o (pross section at HERA

2 | CTEQSL 5 1 — —
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Better use uPDFs with BFKL/CCFM

® small x phenomena cannot be @ Does is really work better ?
described with DGLAP
@ need to go beyond: BFKL/CCFM

H. Jung, HERA and small x, Miniworkshop on small x, saturation and multiparton interactions, DESY, 30. March 2009
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uPDF fit to F,: x-dependence

(T — D)* S
9 X2 — Z < 5 stat 5 \ e HI1 EPIC 21 (2001) 33
; g, T+ g wneer - 05x= - CCFM F,-fit
- z : AR ngf%%?ooz |
@ fit parameters of starting \\\ e 0.00032
distribution . ) N 0.0005
:E.AO(ZC,,LL()) = Nz 79 - (1 — ZC) 10 " x=0.0008
S
@ using Fz data H1 ‘ x=0.0013
(H1 Eur. Phys. J. C21 (2Q01) 33-61, DESY 00;181) \\Q\\ x=0.002
x < 0.056 Q°>5 GeV \ x=0.0032
pe = p? +m? ‘\\\\\ . s x=0.005
@ parameters: " “Q I \\\\\\\\ ' x=0.008
o N . :
mg = 250 MeV,m. = 1.5 GeV - ?.\\\\\E
@ Fit (20nly stat+uncorr): D Desc;‘PT'oTl at sn:all Qd
X2 1118 and small x not goo
ndf - 61 N 183 10_1 \
2> similar to DGLAP fits (~1.5) O’ (GeV?)
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Final states: particle spectra

@ Charged particle spectra P - —
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Final states: particle spectra

@ Charged particle spectra
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= CASCADE with uPDF is better than DGLAP
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Final states: particle spectra

@ Charged particle spectra
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= CASCADE with uPDF does not fit ...
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Forward jets

g s » DIS and forward jeft:
from lrge Tjet > 0.035

to small X

forward’ jet Xjer large

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

H1 forward jet data H1 forward jet data
r=) —— H1 =) o H1
£ 1000 E scale uncert L 1000 E. scale uncert
= = —— CASCADE set-1
x —— NLO DISENT 143, >< ---- CASCADE set-2
~— u'ﬁl“'r,f':l“lr.f':zl"lr,f E . . .
3 PDF uncert. 5 Description is pot
L -== LO DISENT
500 [~ 148,100 500 really good |
— b)
————
0 | -
0.001 0.002 0.003 0.004 0.001 0.002 0.003 0.004
Xpj Xp;

— . : : : 1
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= heavy flavor
jets are w
descibed

H. Jung, HERA and small x, Miniworkshop on small x, saturation and multiparton interactions, DESY, 30. March 2009
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Heavy flavors

yp: D* + other jet yp: D* + other jet
& - —@- Dat ‘ & 4 - @ Dat
% 107 | ala % 107 ¢ o
= | == Cascade 1.2 H1 _______ = [ = FMNR ® Had H1
= | --- pythia62 ' ~ [ -~ FMNR
] [ Pythia 6.2 (dir.) _ =" i | 3% ZMVFNS@Had
107 x 107 F +
« F |e--- 0 [ N
o | > | i
= | e >
<] O
B10°F { ) B10° F T b)
E TR RS I RN S o RN SN T S
15F . 15 e
C 11— + ________ B EEas 1 + —4-
il TN AN TN Y 05 hmeey L P
0 30 60 90 120 150 180 0 30 60 90 120 150 180
A ¢(D* jet) [] A ¢(D* jet) []

@ D* + jet x-sections are also well descibed
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Do we really understand small x ?

@ need to go beyond DGLAP and standard parton showers
@ kt-factorization approach with uPDFs from HERA works fine for
=> observables coming from quark box
=> and clearly gluon initiated processes

@ problems occur for inclusive processes, where also quark uPDFs
could play a role

= charged particle spectra in DIS
- forward jets, forward pions etc

quark box well described

parton radiation details need

/ improvements, including uPDF
} for quarks etc...
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Next steps ?

@ Continue for detailed and precise uPDF fits for gluons

@ Develop formalism for uPDF for quarks
@ include quarks in evolution
@ include quarks in parton showering

Develop formalism for multiple interactions... or can we live with sof+t
underlying events idea again ?

H. Jung, HERA and small x, Miniworkshop on small x, saturation and multiparton interactions, DESY, 30. March 2009
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Conclusions

@ At small x DGLAP cannot be the appropriate description
@ BFKL/CCFM are much better suited

BUT:
=» uPDFs need to be better understood and determined

=> details of parton radiation (kinematics etc) matter

= study and validate CCFM parton evolution against others

@ Experimental issues:
@ already many important measurements available, which MUST be used
for validation of parton radiation at small x
@ differential particle, mini-jet spectra and energy flow measurements are
extremely important
@ multi jet x-sections help to understand parton radiation

It is still a challenge to describe small x,

saturation, multiparton interaction,
diffraction and high density QCD
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