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Deter mination of the proton PDFSI

e Observables used in the fits to determine the proton PDFs:
— Inclusive measurements of deep inelastic [IN scattering
e Advantages:

— inclusive (only final-state lepton is tagged) 7,’2_/ q W{l T w
= no QCD corrections associated to ; EB?_> gﬁ » == .
the final-state signature (lepton!) N » =979 a N
=> N0 hadronisation corrections Ouark-Parton Modd Boson_G.uo\nFugon GCD Gompton
associated to the final-state signature (lepton!)
e Disadvantages:
— the gluon distribution contributes indirectly through higher-order terms
e Observables based on jets have hardly been used (except jet production in pp at TeVatron)
— large QCD corrections and hadronisation corrections
e That’s the past! NOW there are measurements of jet cross sections at HERA
—> directly sensitive to the gluon density in the proton
— with small experimental and theoretical (terms beyond NLO, hadronisation)

uncertainties!
J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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e Determination of the proton PDFs using inclusive measurements of NC and CC DIS e*p

in a large level arm of z and Q? = |6.3-107° < = < 0.65,2.7 < Q2 < 30000 GeV?

and measurements of jet cross sections in NC DIS and ~p collisions
e Sufficient sensitivity to determine the proton PDFs within a single experiment
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Inclusive Production of High-E+ Jetsin NC DISin the Breit Frame'

virtual
photon

virtual
photon

REMNANT VUV )—
proton / proton

—

proton

e

%

q
BORN PROCESS BOSON-GLUON FUSION OCD COMPTON

e In the Breit frame the virtual boson collides head-on with the proton
e High-E+ jet production in the Breit frame
— suppression of the Born contribution (struck quark has zero E1)
— suppression of the beam-remnant jet (zero Er)
— lowest-order contributions from
e Boson-gluon fusion process |v*g — q@

e QCD-Compton process | v*q — qg

—> directly sensitive to ag and the gluon density in the proton

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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Inclusive Jet Cross Sectionsin NC DISat Q% > 125 GeV? I

e Measurement of inclusive jet cross sections in the
kinematic region defined by Q2 > 125 GeV? and
—0.7 < cos~y < 0.5 for jets with

jet >8GeVand —2 < nf, < 1.8
_ (A—y)zEp—yE,

EF

9

where cos ~

 (1—y)zE,+yE.

e Jets identified using the longitudinally invariant
k1 cluster algorithm in the Breit frame
e Inclusive jet production: smaller uncertainties

than for dijet production

e Small experimental uncertainties:

— Jet energy scale (1% for Er jer > 10 GeV)

= | ~ +5% on the cross sections

(pb/GeV)

do/dEY e

10

10

e Small parton-to-hadron corrections (Chaeq): < 10%

— | < 5% for Q? > 250 GeV?

® ZEUS 96-97

I et energy scale uncertainty
NLO QCD: (corrected to hadron level)
ag (M,)=0.1175
— DISENT MRST99 (Mz=E%jer )
-- DISENT MRST99 (H=Q)

125 < Q% < 250 GeV 2
(x10%
250 < Q® <500 GeV 2
(x10%

500 < Q® < 1000 GeV 2
(x10%)

1000 < Q® < 2000 GeV 2
(x100)

2000 < Q? < 5000 GeV 2
(x10)

Q? >5000 GeV 2
(x1)

except for lowest-EZ -, point
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Inclusive Jet Cross Sectionsin NC DISat Q% > 125 GeV? I

e Several NLO QCD (O(a?)) programs are
available for performing jet-cross-section
calculations: MEPJET, DISENT,
DISASTER++, NLOJET

e | Small theoretical uncertainties |:

— higher-order terms (> NLO); varying ur
Efand2-EF . =|+5%
— hadronisation corrections; variance of C}, 44
values (ARIADNE, LEPTO-MEPS, HERWIG)
< 1%

between 2 —

=

do/dEY e (pb/GeV)

(SN
o
w

[2=Y
o
(o))

[é)]

H
o
IN

® ZEUS 96-97

I et energy scale uncertainty
NLO QCD: (corrected to hadron level)
ag (M,)=0.1175

— DISENT MRST99 (1z=EZjc; )
-~ DISENT MRST99 (j1,=Q)

125 < Q% < 250 GeV 2
(x10%
250 < Q® <500 GeV 2
(x10%

500 < Q® < 1000 GeV 2
(x10%)

1000 < Q® < 2000 GeV 2
(x100)

2000 < Q? < 5000 GeV 2
(x10)

Q? >5000 GeV 2
(x1)

e Inclusive jet cross sections in NC DIS in the Breit frame provide direct sensitivity

to the gluon density in the proton with small experimental and theoretical uncertainties

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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Dij et Photoproduction' e eﬁ’ Pt e S o
a

e Production of jets in ~p collisions has been
measured via ep scattering at Q% =~ 0

e At lowest order QCD, two hard scattering p Qs i
processes contribute to jet production = N praon D a.
N
t
| | | Resolved process | \ proton.
e pQCD calculations of jet cross sections Direct process

1 1 1
O2jet — Z/O dy fﬂy/e(y) /0 dm'y fa/'y(w'yv l‘%‘»y) L dmp fb/p(wpa U%‘p) &ab—>jj
a,b

longitudinal momentum fraction of v/e™ (y), parton a/~ (x-), parton b/proton (x,)
— f~/e(y) = flux of photons in the positron (W W approximation)

— fa/~(T~, n3.,) = parton densities in the photon (for direct processes (1 — x.,))
— fo/p(Tp, ,u%p) = parton densities in the proton

— Oab—j; SUDProcess cross section; short-distance structure of the interaction

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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N
o

.. . 2 ¢ OPAL (01<x<06) ¥ TOPAZ (0.3<x < 0.8)
Dijet Photoproduction Bom| | AuvOicec05 & ALEPH(01<x<08
© | # JADE(01<x<10) ¥ L3prl. (0.3<x<0.8)

N
il

a $ PLUTO (0.3<x<0.8)
% TPC(0.3<x<0.6)

e Measurements of dijet photoproduction provide 5 E T GRVLO(02<x <09
— direct sensitivity to ce, and gluon density in the proton  **~ RV LO 01k <08
e However, resolved processes are also sensitive L F Roiexenn }
to both the quark and gluon densities in the photon omf
—s Photon structure: information on quark densities
from F in eTe~; gluon density poorly constrained! . R
e To suppress the dependence on the photon PDFs £ ] :pYTH.WEEEJ; 19:;%0 :]
§ 1500,

— measurements restricted to the region where ol CIHERWG 59 omect + RESoLYES X
direct processes dominate ; N

1200 DHERWIG 5.9 DIRECT

= Observable to separate the contributions from resolved ., ]

e ZEUS 1995

and direct processes: the fraction of the photon’s energy swo At
participating in the production of the dijet system 600 |
bs __ get Jet 400 |
CU,(;, = 2E Zl_ E 200:—
— Direct-process-enriched region: | 2982 > 0.75 20" 01 67705 04 0 06 07 08 03]
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Dijet Photoproduction Cross Sections for a:f;bs > O.75I

e Measurement of the differential cross section ZEUS
. jet,1 .. ) 2 i * ZEUS 96-97 X3 >0.75
section do /dE7. " for dijet events with 00 == NLO (GRV) CHRD
jet,1 jet,2 .\g/_ * ---------- NLO (AFG) CHAD .
ET > 14 Gev, ET > 11 Gev’ > A Jet energy scale uncertainty
—1 < et < 2.4 (both jets) and %% > 0.75 & ﬁﬁ‘i
: : : - 7 S 10°%L
In the Kinematic region <l | | 1<Eﬂﬁnjm<24
Q? < 1GeV?and 134 < W, < 277 GeV F B (x 20000
I ==
e Jets identified using the longitudinally invariant i | , L
kr cluster algorithm in the laboratory frame 5 Lateos
== g 1<nT<24
. . . F 0<n®?<1
e Small experimental uncertainties: o iﬁi (20 % 100)
— jet energy scale (1% for Ex ot > 10 GeV) 1 i
= | ~ 5% on the cross sections P | 0<% 1
E 0< nletl< 1 (X 0.01)
. I -1<n®%0
e Small parton-to-hadron corrections (Chraq): =5 & 0.0009
5 =t -1 < *'12< 0 (x 0.00001)
— | < 10% |except at the edges of phase space T RS NN
Elet (GeV)
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10

Dijet Photoproduction Cross Sections for mf;”s > O.75I

ZEUS

e Several NLO QCD (O(aa?)) programs are
available for performing jet-cross-section
calculations: Klasen & Kramer, Harris& Owens,
Aurencheet al, Frixione & Ridolfi

10
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=
o

e | Small theoretical uncertainties |:

— higher-order terms (> NLO); varying ur
between ; - E5*™ and E5™™ = | £10%

— hadronisation corrections; half the spread of
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10

e Dijet cross sections in photoproduction provide
direct sensitivity to the gluon density in the ’
proton with small experimental and
and theoretical uncertainties 10
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Deter mination of the proton PDFSI

e Parametrization of the proton PDFs
— u valence (zuv ), d valence (xdy/ ), gluon (zg), total sea (=S) and zA = x(d — u)
at Q2 = 7 GeV? by the functional form
zf(x) = p1zP*(1 — x)P*(1 + pax)
e Constraints on the parameters {p; }:
— momentum and number sum rules = p1 g, P1,uy > P1,dv
— no sensitivity to difference on low-x behaviour of v and d valence: p2 .., = P2.d,
— no sensitivity to flavour structure of light-quark sea: fix p;, o consistent with
Gottfried sum rule and Drell-Yan data
— suppression of strange sea in accordance with dimuon data from CCFR-NuTeV
e The results of the fit are not sensitive to reasonable variations of these assumptions
— It Is possible to extract a flavour-averaged sea distribution from ZEUS data alone
e Heavy quarks: variable flavour-number scheme of Roberts and Thorne
= 11 free parameters (4+as when free; otherwise as(Mz) = 0.118)

e Evolution of the PDFs with the energy scale: DGLAP equations at NLO (M S scheme)

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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Inclusion of jet cross sectionsin afit of the proton PDFSI

e In contrast with the evaluation of the structure functions from the evolved PDFs,
— the calculation of jet cross sections at NLO requires much more CPU time:
O(10) hours per PDF set = Unaffordable in a fit of the proton PDFs

e Deconvolution of the PDFs and a from the matrix elements in the calculations
— construction of grids such that the calculations for the jet cross sections can be
performed sufficiently fast (and accurately) = O(1 second) per PDF set!

Uget(bln |)_ Z 7 7 7 Ja (5/@7 QZ) an(Q2) i a,n,&k,ng.

n=1,2 a=q.,q,g j

— Gi,a,n,gk,Q? grid of weights in the “(x = &, Q?)” plane for a given bin of the cross
section (z), parton species (a) and order (n); typical size in (£, Q%) — 100 x 100

= jet-cross-section calculations can be performed for ANY PDF set and ANY value of o,
In a fast way and with an accuracy better than 0.5%

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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Deter mination of the proton PDFSI
ZEUS
e Data sets used in the fit (577 data points): L T
— Structure function measurements: reduced double O:\ \\\

15

e neutral current DISetp and e~ p

e charged current DISetpand e~ p
— Jet cross section measurements:

e inclusive jet production in NC DIS

e dijet production in ~p collisions

1

0.5

0

=16.3-10"° < = < 0.65,2.7 < Q% < 30000 GeV?
— W?2 > 20 GeV?

using the offset method
e A good description of the data is obtained:
x2 = 470 for 577 data points

Low-Q? NC DIS e™p data vs ZEUS-JETS fit

1.5;—
1t
o.5§
0L
1.5%
1t
e Full account of correlated experimental uncertainties **;
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Jet cross sectionsvs ZEUS-JET S t.

Inclusive Jet Production in NC DIS eTp Dijet Production in ~p collisions
2 2 B jet,1(2
Q% > 125 GeV*, Ef ;., > 8 GeV BT > 14 (11) GeV, 22 > 0.75
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—~ =LA L L L L L L L IR L= > L L L L L L B
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VaIencedistributionsI ZEUS

¥ -
> Q°=1GeV? Q°=20GeV?
e Precision of the valence quark . — ZEUS-JETSfit

distributions
— at high-x not as well constrained
as in global PDF fits which
Include fixed-target DIS data 102
— competitive + the advantage of

107

02 04 06 08

being free from heavy-target 0O 02 04 06 08 10 1
. . . L L L L B I S BN B R IR
corrections, hlgher twists and . Q%=200Gev? | | Q%=2000 GeV? -
1 1 1 i [ ]tot. uncert. 17 |
isospin-symmetry assumptions 1 o uncert. 1L |
10" - El3 E

10° - 3 E E

:‘ Ll Ll X ‘: :‘ Ll Ll ) ‘ ‘:

0 02 04 06 08 10 02 04 06 08 1

X
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Gluon and seadistributions'

e Precision of the gluon and sea distributions
— at low-x: as well determined as in global PDF fits
which make use of HERA data
— at higher-z: the uncertainty of the gluon has been
reduced by the addition of jet data
e Model uncertainties in PDFs:
— variation of Q3 in the range 4 < Q2 < 10 GeV?
— modification (1 + psx) — (1 + ps/@)
In parametrizations of valence quarks
— choice of constraints in parametrization of sea
— tighter cuts on jet data; E ., > 10 GeV in
NC DIS and EZ¢"" > 17 GeV inyp
— parton-to-hadron corrections to jet cross sections
— residual uncertainty due to photon PDFs used In
the dijet calculations (AFG — GRV)

xf

Q%= 1GeV?

—— ZEUS-JETSfit

ZEUS

20

BEER uncorr. uncert.
[ tot. uncert.
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Gluon and seadistributions'

e Precision of the gluon and sea distributions
— at low-x: as well determined as in global PDF fits
which make use of HERA data
— at higher-z: the uncertainty of the gluon has been
reduced by the addition of jet data
e Model uncertainties in PDFs:
— variation of Q3 in the range 4 < Q2 < 10 GeV?
— modification (1 + psx) — (1 + ps/@)
In parametrizations of valence quarks
— choice of constraints in parametrization of sea
— tighter cuts on jet data; E ., > 10 GeV in

Fractional Difference

— Q=4Gev? —— change sea param.

NC DISand EZ**' > 17GeVinyp - Grweer change vl param

---------- change cutson jet data ----- GRYV photon PDF

— parton-to-hadron corrections to jet cross sections
— residual uncertainty due to photon PDFs used In
the dijet calculations (AFG — GRV)

= Effects much smaller than the
experimental uncertainties

J Terron (Madrid) Madison, DI'S 2005 April 27th, 2005
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Improving the gluon distribution: jet data

ZEUS

e Comparison of gluon distributions from fits with ; Zj oo u Geascer

and without jet data € 02 E E

— no significant change of the shape: no tension g ) E
between jet and inclusive data =2 | vithoutjet cara

1 [ ] withjet data
Lu vl
A B A B

Q%=20GeV?

o o o
[e)} N N
[T 7T
o 1 F
T I =
Eol Lol
‘ ‘ ‘\\\

— the jet cross sections constrain the gluon density
In the range 0.01 — 0.4

o o ¢ ¢ ¢
N o
T \\\‘\\: ETT T 11T T 1T T 1

o
N

o
T T T T TT

— | Sizeable reduction of the gluon uncertainty

-02f

e.g. from 17%to 10% at x = 0.06 and Q2 =7 GeVZ'z':

— similar reduction by a factor of two in osf  or-acevt T

the mid-z region over the full Q2 range 02

0

04

—0.6
7\\\‘ L \HHH‘ L \HHH‘ | IR

’ﬁ'\ I N
|
104 103 102 101

1104 10° 10?2 10
X
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Comparison of proton PDFSI

=
ZEUS o
L el 1“‘ T T T 1“‘\ T T AL o
< Q*=10Gev? | |
08- b\  —— ZEUSJETSPDF 4 08 [ zeussPoF
% a{M,)=0.1180 Xuy I
5 Z uncorr. uncert.
0-6f total exp. uncert. /7 \ 0.5
0.4 xg (x0.05)
r 15
0.2
0 | L Ll L u\ L
10* 103 102 10* 1
1pm T T il 1 T — T T
I 0.5

| osf
| osf
‘;M;
s

Lo O\H Lo L

10 10° 10°

e Compatible with MRST2001 and CTEQG6.1M

1

10* 10° 10° 10" 1

e Compatible with H1 analysis

ZEUS

|

=

Q
IN

=

0% 102 10! 1

Q*=10GeV?

ZEUS-JET Sfit
tot. uncert.

H1 PDF 2000

tot. exp. uncert.
model uncert.
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Determinationofas(MZ)I —— R

W
e Simultaneous determination of the proton PDFs ”%f e
and ozs(MZ) 8 - withoutjet data
e Jet cross sections are directly sensitive to a5 (M%) i -
viav(*)g — q@ (coupled to gluon density) and 10 e

viav(*)g — gg (NOT coupled to gluon density)

= The inclusion of the jet cross sections allows an | |
extraction of as(Mz) that is NOT strongly correlateds L

to the gluon density

50

1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1
A 0.105 0.11 0.115 0.12 0.125 0.13

e Determination of ags (M z) from the ZEUS-JETS-a fit:0 a(M,)

as(Mz) = 0.1183 £ 0.0007 (uncorr.) & 0.0022 (corr.)
+ 0.0016 (norm.) & 0.0008 (model)

+ estimation of the uncertainty due to terms beyond NLO — Aas(Mz) = 40.0050
= Precise determination | as(Mz) = 0.1183 4 0.0058 | from ZEUS data alone

— in agreement with world average as(Mz) = 0.1182 4 0.0027 (Bethke, 2004)
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Summary'

e Due to the precision and kinematic coverage of the ZEUS measurements
on structure functions and jet cross sections
= determination of a; and the proton PDFs within a single experiment (ZEUS!)
with minimal external input

e Feasibility of including rigorously jet cross-section measurements in a global fit

e Advantages of including jet cross-section measurements which have been selected
according to — direct sensitivity to o and the gluon density in the proton and
small experimental and theoretical uncertainties

= sizeable reduction of the uncertainty of the gluon density in the mid- to high-x region

= precise determination of as from HERA data alone

a,(Mz) = 0.1183 £ 0.0028 (exp.) % 0.0008 (model) + 0.0050 (th.)
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