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e The New H1 PDF Fit
H1 DATA e Results of the Fit

of HERA Run I7? (for dedicated ay & gluon fit

see previous DIS workshops)

What do we learn from
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H1 Inclusive Data Sets

H 1 Data Data used in published H1 fits:
— Low Q% NC e'p (96-97)
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NC&CC et p (99-00) hep-ex/0304003  submitted to EPJ
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Experimental Uncertainties

High quality of H1’s

NC & CC inclusive data
requires careful treatment
of experimental

uncertainties.
(see talk of Ana Dubak)

Statistical & Systematic Errors
Q% <100 GeV?2:
stat. ~ 1%, syst. S3%
only for Q?2 1000 GeV? :
stat. > syst. uncertainty

Correlated Syst. Uncertainties:

6“:  luminosity uncertainty

0F:  electron energy calibration

69:  polar angle of electron

6" : hadronic energy calibration

noise suppression algorithm

0B:  background estimate by Monte Carlo

6V: cut against yp background (CC)

6°:  background subtraction using wrong
charged lepton candidates (NC, high y)

Correlations between H1 Data Sets
of different years taken into account
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Year to Year Correlations of Systematic Errors

This table is given to complete the file on the conference webpages
not to be shown during the presentation

data set process | 6% 0% 80 &0 SN 6B 5§V 6°
H1 minimum bias 97 e*p NC | L1 E1 #1 hl N1 Bl - -
H1 low Q% 96-97 efp NC| L2 E1 61 hl N1 B1 - -~
H1 hish Q2 94-97  e*pNC | £3 E2 62 h2 NI B2 - -

H1 high Q2 94-97  etpCC|£3 — — h2 NI B2 V1 -
H1 high Q% 98/99 epNC| L4 E2 63 h2 N1 B2 - S1
H1 high Q2 98/99 e pCC|L4 — — h2 N1 B2 V2 -
H1 high Q* 99/00 erp NC | L5 E2 63 h2 NI B2 - SlI
H1 high Q2 99/00  e*pCC | L5 — ~— h2 NI B2 V2 -
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NC Cross Section and Structure Functions

Inclusive NC Cross Section (v*, Z° exchange)

Loy = B9 (¥, Fo(o, Q)FY-aFy(@, @) — v*F,(.Q"))

structure functlon term &%, Yi(y) =14 (1 —y)?

Generalized Structure Functions in Quark Parton Model:
=3, A0QY) [2gi + 2g)) = F5™ = tx(ut+a+c+e)+ la(d+d+ s+ 3)
zFy = Bi(Q?) [xqi — x¢i] = 2F3 = By(u+c—1u—¢) + Bp(d+s—d — 5)
Electroweak Coefficient Functions A4;(Q?%), B;(Q?*) (QED: A; = ¢?)

Sensitivity to (anti) quark types, not individual quark flavors
= Express Structure Functions in Terms of “Quark-Type-Functions”:

Fgm =2z(U+U) + sz(D+ D)
$F3 BU(U U) —|—BD(D D)
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Charged Current and Deuteron Data

Charged Current Cross Section:

Poge _ G My ’ 2 2 2 5
dr dQ? ~ 2nx My +Q? £Y+W2(x,Q JFY_zWs(z, Q%) —y Wi(z,Q )2
ei e
(I)C’CZ’)(:Ca Q2)

Gr Fermi coupling constant, My, mass of WT Boson

Charged Current Structure Function Terms:
2 o = xU + (1 —y)?zD
+ —
OLb o = 2U + (1 —y)?zD

U, D, U, D fully define the e*p NC, CC cross sections!

Deuteron Data Nucleon Structure Function (;Fg = F}V):

Fy = 22x(U+U+D+ D)+ ¢(c+c—s—5)
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Assumptions & Constraints

Parametrize: zg, 2U = z(u+c¢), 2D = z(d + s), U, D
oP = ApzPP(1 — 2)°?(1 + Dpx + Epz? + Fpx3 + Gpx?)

Flavor Decomposition of “Quark Type Functions” at Starting Scale:
¢ = f.-U (const. fraction HERA F¥);
5 = f,- D (const. fraction NuTeV)

assume symmetric quark-antiquark-sea (¢ = ¢, s = §)

Constraints:
Momentum sum rule: fo r(g+U+D+U+ D)dzr =1
u counting rule: fo (U—-U)dz =2
d counting rule: fol(D — D)dz =1
Low z behavior:
vu, =x(U —U) “230;  ad, = z(D — D) *= 0; 35(07—@) 2% 0

7

Ay = Ay, By =By Ap = Ap, Bp = B By = Bp, Ay = Api=F
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New H1 FIT for Extraction of PDF's

Ingredients of the Fit

Fitting Strategy

o F'it includes latest H1 high (? data
e All inclusive H1 data

NC & CC,etp & e p

(BCDMS p + d)

e PDF's at starting scale

xqg, xU,x D,xU,xD
e Medium and high Q?

3.5 GeV? < Q% < 30000 GeV?
e Massless Parton Scheme

e o, fixed (dedicated a,&g fit)

e Full treatment of experimental errors

e additional parameter is only
considered only if its introduction
significantly improves the y?.

e add in only one new parameter

at a time.

Error Bands

e Experimental Error:
vary fitted parameter
under constraint Ax? < 1

e Model Uncertainties:
Variation of

gn,z'na Q%) Qg, fsa fcamca my
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Definition of x?

2
exr ng(k syst
Nezp N, (0. zP 0. " (] Ny 6norm Z ( )8 . 0 Y ))

S‘ S‘ J J V' k,1,)
k 2

Nexp Nexp MNs(k)

5sta + 5unc2

+3 n2 433 2, 5F H1 RMS=0.88
~ = 4 nshift=19
k k ] —
3
.. : 21—
e We explicitly allow the data points E
: O?\H‘HH‘ b
to be shifted by the fit R B S
azwzp :  measurement ¢ of dataset k dpne. uncorrelated systematic error
a,tshz prediction for data point i of dataset k 6nyj: correlated systematic error of source j
negzp: number of datasets 67°"":  uncertainty of dataset normalization
Ny: number of data points in dataset k ng: shift of normalization
§sta. statistical error Sk, shift of systematic of source 3

“Pascaud and Zomer” method, extended x? (preprint LAL-95-05):
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Results: Functional Forms

Functional Forms of PDF's
in Fit to H1 data
zg(x) = A,xPr(1 — x)%[1 + D,z

zU(z) = AyzPv(1 — 2)°Y[1 + Dyx + Fya?]

rD(z) = Apz®2(1 — 2)°P[1 + Dpx] as expected:

zU(x) = AgazBo(1 — x)C0 e most sensitive to U

vD(z) = ApxBp(1 — 1)%p e H1 + BCDMS p & d
10 free parameter require more flexibility
x2/ndf = 540/(621 — 10) = 0.88 at high z

in Fit to H1 + BCDMS p & d data
zU(z) = ApzPv (1 — 2)°V[1 + Dyx + Fyz® + Ga
rD(z) = ApxPr(1 — 2)°?[1 + Dpx + F2?]
g, U, D functional same as in H1 fit

12 free parameter

x2/ndf = 883/(1014 — 12) = 0.88
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Fit Results: Parton Distributions
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XP(x)

20

10

Comparison to Global Fits

Q%=10 GeV?

Q*=1000 GeV?
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H1 Collaboration

H1 PDF 2000 fit is

in remarkable agreement
with global Fits

MRST and CTEQ
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Structure Function F5

N FororrrrTm RN rorrTTT ToTTTTT R J
- x = 0,000050, | = 2 . P 5 ]
D [ 00° X:0.0(5)0080,i];20 Hle phlghQ b
LLNloe?ooD‘;o/ X = 000013, i = 19 94-00 E
S x= 000020, =18 \ » ] e H1 data cover a range
eg,M/ x =0.00032, i =17 o Hlep low Q" ]
10°; % Koot 96-97 ] of four orders of magnitude
E Z% o o » BCDMS ] in z and Q2
0% .- v > NMC E
Fo° M X=0.0032,i = 12 E
i /D,W x = 0.0050, i = 11 ]
10° “%M XZ000m0I=0 E
g M x=0013,1=9 ] e H1 PDF 2000 fit provides
I Xx=0.020,i =8 ]
102, ’“‘M x=00 =7 ] good description of the data
ERES x =0.050,i =6 1 .
[ pemenie et R ] over whole region, except
10 L g/ﬁ,ﬂg—%—!wé‘é&%——o—w‘*m'_.—‘; =0 , 1= i
E 6. 0 O g BRPOBTBALAL g geee®e®®yee o o &  Xx=013i=4 E BCDMS data at r = 0-65
F ,,%Mﬂwmm—,h% x=0.18,i=3 ]
1 = tes  * 8 x=025i=2 3
: P11 ]
_1: BAAL; %&QL%T'?*!’*E***%——' x=040,i=1 :
0" - t 3 e F'it describes well the
_—_ 1 . . .
L ki, . bt H g strong scaling violations
101 H1 PDF 2000 T ; % X=085120 -8
E --- extrapolation 10
. H1+BCDMS 18
3[ =l
10 L L \\\\H‘ L L \\\\H‘ L L \\\\H‘ L L \\\\H‘ L L \\\H\‘ L I
1 10 10° 10° 10* 2105 ,
Q°/ GeV

Burkard Reisert, H1 QCD Fit & PDFs, DIS 2003, 23" - 27" April 2002, St. Petersburg, Russia



Impact of Low & Constraint

H1 + BCDMS p & d H1 + BCDMS p & d (free Ay, By)
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Impact of Low x Constraint: d — @

H1 + BCDMS p & d
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e test of symmetry of light sea quarks at low x
requires NEW data (p&d)
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Summary

e Highlights of the New H1 PDF Fit
— determination of the PDF's and their uncertainties
from one single experiment: H1 NC & CC
— novel decomposition of quark species into
up and down type quark distributions
zq, 2U.x D.xU.,xD
— parameter space narrowed using theoretical constraints

adopted to the new ansatz

comments
— stringent constraints at high x requires more statistics
— very rough strange and charm assumptions

— test of light sea symmetry at low z requires NEW data (p&d)
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