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Deep Inelastic Scattering (DIS) is the best tool to probe proton structure
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Final inclusive data from all HERA running
~500pb-1 per experiment split ~equally between e* and e beams: DESY-15-039

10 fold increase in e compared to HERA-I
Running at Ep =920, 820, 575, 460 GeV
Vs = 320, 300, 251, 225 GeV

0.045 < Q? < 50000 GeV?

The HERA-II data had polarised electron

beams about 300pb-! per experiment

6. 107" < Xg; < 0.65

With polarisations of the order of 25-35%
ranging roughly equal between left-handed

and right-nanded
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The neutral current NC cross sections are given by

etp _ IEJQ4 1 dﬂg{eﬂ:pj =ﬁ' S 2 E ﬁ _ OE . y?
rNC 2?{&-% };+ dIDdeQ E{IEJ,-.Q j':F }:_I 3[ID_|~ ¢ ] },+

Fi(rs,Q%).  (2)

In this expression the structure functions can be separated into contributions from y
exchange, Z exchange and y/Z interference

M sin®20y M2+ Q21— AR
~ 4 . w : P Where AR accounts for radiative
vFy = —(a. + Povo)xz2F)” + (2vea. + Po(v? + a2))x3aFy corrections using the EPRC program of
Ve —1/2 4 2 sin® Oy a. = —1/2. Spiesberger

The on-shell definition of sin? fy = 1 — ."H&-,-’.‘U% was chosen for the analysis =0,22333

[F3,F57 Ff] = ) _leg. 2eqvq,vj + ag]z(q + Q). The structure functions are given
: in terms of EW couplings to the
[IF:;K'. IF;] — Z[Eqﬂqe Ugaq|22(q — q), parton densities Vur@q: Vi Vg

(LO expression)
v, =1/2-4/3an’ By, a, 1/2

vg=-1/242/3sin by, ag = -1/2.



Quark couplinas to Z

Decompose the NC cross sections into polarised and unpolarised pieces. Cross

sections are related to parton distribution functions PDFs and electroweak parameters

The total cross-section : 0 = 0% + P of

The unpolarised cross-section is given by c? =Y, F,° + Y xF,°

LO .expresgions on =3 AiO(OE) [xqi(x,Qz) + xqiﬁ,02)]
for illustration
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v, is very small (~0.04). polarized F,
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A simultaneous NLO QCD and LO EW fit of PDF parameters and electroweak
parameters is performed in order to assess the uncertainty on the EW
determinations due to uncertainty on PDFs.

The QCD part of the analysis follows the framework of the HERAPDF2.0, including
the form of the x2 and the accounting for correlated experimental uncertainties

xg(x) = Ax%(1—-x)% — 4P (1- 0%, The central parametrisation is given here but
() = Ay (-0 {14&.5]. due to variation of:
Id' ('T) = Ad.--‘rﬂi [1 - .T){:-d' . szin’ mC’mblfS

() = Al -0 Parametrisation uncertainties due to variation
D) = A5d( I)cﬁ_' of Q?, and addition of extra parameters in the
' multiplying polynomial (1 + [ + FE+*)

The EW part of the analysis replaces the SM expressions for the NC coupling
parameters with free parameters a,, a, v,,, V4

The charged current cross sections are also used to determine the PDFs

d*occl(etp) G5 My, - 5 ‘
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LO expressions
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These cross sections also contribute to the determination of M,,
and sin?6,, through the propagator AND o T 1 6
See talk of K Wichmann V2 sin® by M, 1 — AR




A simultaneous QCD and EW fit- called HHEW- was done to the HERA inclusive e* p
and e  p NC and CC cross sections for the PDF parameters and the NC electroweak

couplings. H1 and ZEUS data are used uncombined.

The polarised data for H1 are used as published. The polarised data of ZEUS have updated
polarisations as published in the ZEUS-EW analysis.

Extra uncertainties were added to the ZEUS uncorrelated systematics to account for uncertainties
on EW corrections, equivalent to uncertainties already considered by H1
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The description of the data is illustrated here for the NC e* data for ZEUS and H1 7
The x2/ndf = 3556/3231 =1.10



The PDFs are similar to those of HERAPDF2.0
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The correlations of the PDF parameters and the electroweak parameters are weak

Pamameters xg- B wC xed x F xpg: B oz, C xuy  E xdyo B oxd,s C i C xD-A xD: B xD:C dy ag Uy vy
xg- B 1000 0491 -0.224 0.935 0.012 0,106 0044 0049 0078 0049 0098 0140 0.018 0.057 0.061 -0.039 0051
xg O 0.491 1.000 0660 0.707 0287 0267 -04564 0054 0.196 0047 0140 0175 0349 0.106 0093 0124 0114
xg A -0.224 0.660 1.000 0.125 0513 0361 -0.593 0.226 0254 0.162 0.084 0072 0100 —-0.038 0003 0065 0070
e B 0.935 0.707 0.12% 1.00G 0200 0002 -0.144 0048 0008 0042 0017 -0.056 0.018 0.033 0,057 0058 0074
xuy,: B 0.012 0287 0.513 0.200 1000 0337 -0.760 03510 —0.084 0.698 0.498 0409 0.507 025 0095 0.01% 0032
. O 0106 0267 0361 0002 0337 1.000 0.79% 0249 0247 0140 -0055 0032 0013 0.092 0044 0.026 0013
wuy: E 0044 D484 03593 0144 0780 0.795 1000 —-0298 0057 0363 0185 0105 0127 0.133 0.045 0.024 0.043
xd,- B -0.04% 0054 0.226 0.048 0510 0249 0298 1.000 0.502 0437 0.406 0344 0.727 0221 0056 0.014 0036
xdy: C —-0.078 0.1%96 0.254 0008 0084 0247 0057 0.502 L0000  -0116 -0.168 0175 —0.097 0.107 0115 -0092 0109
il -0.049 0047 0.162 0.042 0698 0140 0363 0437  -0.116 1.000 0685 0647 03656 0234 0082 0006 —0.028
.\:@: A -0.098 -0.140 0.084 0017 0498 0055 -0.165% 0406 —0.168 0.585 1.000 0.961 0.525 0231 0114 0.049 0.021
xD:- B -0.140 0175 0072 0036 0409 0032 -0.105 0344 0175 0.647 0.981 1.000 0460 0210 0108 0.045 0.026
xD: C 0018 03659 0100 0.018 0507 0013 0127 0727 —0.097 0.366 0.525 0460 1000 -0327 -0.168 0.133 0.056

ay 0.057 0106 0038 0033 0236 0092 0,133 -0221 0,107 -0.234 0231 -0210 0327 1.000 0928 -0665 0779
agq 0.061 0.093 0.003 0057 0095 0044 0045 0036 0115 -0082 -0114 -0106 —0.168 0928 1000 -0.714 —-0DB76
Uy -0.039 012 0065 -0.058 0019 0.026 0.024 0014 0092 0006 0.049 0046 0.133 0665 0714 1.000 0.880
o -0051 0114 0070 -0074 0032 0.013 0043 003 0109 0028 0.021 0.026 005 0779 03876 0.880 1.000

Table 1: The correlation matrix of all parameters of the HH-EW-Z fit.




The electroweak parameters are given here and compared to ZEUS-EW-Z ( see talk of
K Wichmann) and to fits with fixed PDFs, both HERAPDF2.0 and a dedicated PDF fit to
the HH-EW data HH-13p

8 exp fot g Exp tot ty Exp tot vd ExXp tot
_FHI £3 +0.081 +{.107 _ +{1.327 +{.373 +0.063 +{1.06E s +0.168 +{.171
HH-EW-Z 10532 908 410 | -0400 T 38 | s0d44  RRS  cpoe | —0s03  Baf M
T NS +0.09 +{.12 ik +{1.34 +{1.41 1 +{.08 +0.0% _ +{1.24 +{1.235
ZEUS-EW-Z 0.50 B8 48 056 9% 014 PR 48 041 B o

PDF parameters fixed to

HH-13p 10530 0407 A3 H0.145 8063 0500  +blse
HERAPDF2.0 | +0507 *3473 -0.473  *03E +0.155 30 -0479 M1
SM +0.500 ~0.500 +0.202 -0.351

The model and parametrization uncertainties are evaluated as well as the experimental
uncertainties from the central fit and these are included in the total uncertainties.

The uncertainties are asymmetric. Two dimensional scans were performed to obtain

profile likelihood contours at 68%CL. At each point of the scan the x2 is minimised wrt
the other parameters.
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The results of the two dimensional scans are shown here, together with slightly
extended contours for variation of model and parametrisation assumptions

The improvement from using ALL HERA polarised data compared to using just ZEUS

polarised data is also illustrated.

It is the uncertainties on v, and v4 which have reduced, as expected since there is more
information from polarisation in a fit to both ZEUS and H1 polarised data
Central values have also shifted somewhat- see talk of K Wichmann on separate 11

ZEUS and H1 analyses



It is the uncertainties on v, and v, which have reduced, as expected
since there is more information from polarisation in a fit to both ZEUS
and H1 polarised data
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And let us compare the results with other world data
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And let us compare the results with other world data
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Summary

A combined QCD and electroweak fit to all available HERA inclusive DIS cross sections
taking into account beam polarisation for both ZEUS and H1 data gives results on the
couplings of the Z boson to u and d-type quarks, which are the most precise values
coming from a single process for the u-type couplings.

The correlations between the PDF parameters and electroweak couplings are weak
and the resulting PDFs are compatible with the HERAPDF2.0
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extras
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As described mm Section 2, the reduced cross sections used as input to the analysis were
published by the individual collaborations after QED corrections were applied. These

corrections are mostly on the percent level, but reach 15% for a few cross sections. The
correction factors were calculated by producing Monte Carlo data sets for which radiative
corrections were either turned on or off for companson. This was done with the program
HeracLEs [39] interfaced to the hadronisation programs within the program Diancon
|40]. However, the two collaborations did not use the HERACLES program with exactly
the same options. The ZEUS collaboration only corrected for LO imtial- and final-state

radiation of the electron. The H1 collaboration included the effects of quark radiation and
Z self-energy [8] *. The difference introduced by these extra contributions is, however,
always less than 1% [42]. The H1 collaboration published [8] a crosscheck with the
programs HECcTOR [43| and EPRC [41] and concluded that the uncertainties are below
2% in all of the phase space. In addition, the effect of the exchange of two or more photons
between the electron and the quarks, which was not implemented in HERACLES, was found
to be neglimible. The H1 collaboration included phase-space-dependent uncertainties in
the uncorrelated uncertainties of their published cross sections. The ZEUS collaboration
did not assign any uncertamnties to their QED corrections. As a cross-check, an extra
uncertainty of the size assigned by H1 was also added to the uncorrelated uncertainties
on the ZEUS cross sections for polansed beams. In all cases, the effect on the extracted
EW parameters was neghpgible,

ol



The ZEUS collaboration also presented [3] measurements of the electroweak mixing an-
gle and M. These results do not depend strongly on the beam polarisation. Two fits were
performed as cross-checks with the 13 PDF parameters fixed and either sin’ 85 or My as free
parameters. The results are compatible with those of the ZEUS EW fits within experimental/fit
uncertainties:

sin’ Oy =0.2255 £ 0.0011 (expermental/iy HHEW ,

sin By =0.2252 +0.0011 (eperimentaity  ZEUSEW

My = (80.74 + 0.28 (experimental/fit}) GeV HHEW ,
My = (80.68 + 0.28 (experimentil/fit)) GeV ZEUS EW .

A simultaneous fit to the 13 PDF parameters and both sin’ O and My also yielded results
compatible with the results presented by ZEUS [3]. Since the sensitivity with respect to the
ZEUS EW fits was not significantly increased, the detailed studies on sin’ # and My presented

in the ZEUS paper were not repeated.
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