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ZEUS and Hl experiments

HERA 1s worlds only e*p collider:

operated during 1992 — 2007;
e*energy 27.5 GeV;
p energies 920, 820, 575 and 460 GeV.
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HERA data provides unique opportunity to study the structure of the proton.
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HERA data and the LHC
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Combined Inclusive DIS

Hiprelim-14-041, ZEUS-prel-14-005

H1 and ZEUS published all inclusive DIS data.
Hiprelim-14-041, ZEUS-prel-14-005 = Combine the separate data.

All data points are swum to common Q2 - x grids:
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Combined Inclusive DIS

Hiprelim-14-041, ZEUS-prel-14-005

HI and ZEUS preliminary » 2927 data points combined to
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Combined Inclusive DIS

Hiprelim-14-041, ZEUS-prel-14-005

H1 and ZEUS ) H1 and ZEUS preliminary
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+ Significant increase of statistics
+ Significant reduction of systematic uncertainties
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QCD analysis of combined DIS data

Hiprelim-14-042, ZEUS-prel-14-007

Neutral Current: Charged Current :
d20esz_2T[o‘2°Y+_ o, Yo 2_y2_ 2 dzceczp_ Gy 2 A7 F
g xR R Q)G R0QY) =g e (Y WY e WS vazm

Yizli(l—y)z K:Mz _:_NQz
Fzzg(XU+xU)+é(xD+xD) W,=x(U+D) W,=x(D+U)
x-F,~xu,+xd, xW,=x(U-D) xW.,=x(D-U)

arton Density Functions parametrization at starting scale Q2 = 1.9 GeV=

xg(x)=A, x> (1—x)"—A" x i(1—x)C" fixed or calculated by sum-rules
g
xu,(x)=A, x"(1-x)"(1+D, x+E, x’) set equal
B, C,,
xd,(x)=Aq x™(1-x) » Evolve to any Q2 with DGLAP at NLO
xU(x)=A x"(1—x)“(1+ D, x) or NNLO.
xD(x)=Ayx™(1-x)° + Use Thorne-Roberts GMVFN scheme
— 4D

for Heavy quarks.
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HERAPDF 2.0 (prel.)

Hiprelim-14-042, ZEUS-prel-14-007

H1 and ZEUS preliminary H1 and ZEUS preliminary
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Reasonable description of NC and CC by NLO and NNLO.
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HERAPDF 2.0 (prel.) : @2 = 3.5 GeV?

NLO

H1 and ZEUS preliminary
T ! T T T

xf
xf

W2 =10 GeV*

— HERAPDF2.0 (prel.) NLO Q? =3.5 GeV?
Bl exp. uncert. mn

[_] model uncert.
[ parametrisation uncert. xu
v

0.8

0.6

0.4

Hiprelim-14-042, ZEUS-prel-14-007

NNLO

0.2

H1 and ZEUS preliminary
T roT T T T ror T

u2=10 GeV?

— HERAPDF2.0 (prel.) NNLO Q* =3.5 GeV?
B exp. uncert. min

[ 1 model uncert.
[ parametrisation uncert. xu,

10

Experimental unc. - estimated using Hessian method at 68% CL.
Model unc. - from variation of quark masses, ., etc.

Pararnetrization unc. - extra fit parameters and starting scale variation.
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HERAPDF 2.0 (prel.) : Q% . variation

H1 and ZEUS preliminary

Hiprelim-14-042, ZEUS-prel-14-007

for Q* . =3.5 GeV?
A
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X? appears to saturate for Q> . =10 GeV>.
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HERAPDF 2.0 (prel.) : @2 =10 GeV?

Hiprelim-14-042, ZEUS-prel-14-007

NLO NNLO

H1 and ZEUS preliminary H1 and ZEUS preliminary
1 T T T T rorTTT T T T orTTT T T LR 1 T T LI T T T T TTTT T T L
S { \ \ - \ \ \
" 2 1 " i 2
ui =10 GeV ] i H? =10 GeV
ad HERAPDF2.0 (prel) NLO Q* =3.5GeV’ 08" HERAPDF2.0 (prel.) NNLO Q*_ = 3.5 GeV?
] HERAPDF2.0 (prel) NLO Q. =10 GeV* ] HERAPDF2.0 (prel) NNLO Q=10 GeV*

+ PDFs in good agreement for x > 1073

- Higher Q? . cutincreases low x gluon uncertainty.
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C, b

C,b

F.c and F

Y 2

d*cSr? 2na’Y _
NC _ + 'X'F3(X,Q2)— y

L<X3Q2))

(F,(x, Q)

i -
dxdQ’ xQ* Y, Y

<+

‘F
Y,=1+(1-y)*

F.c and F," are contributions to F, from

events with cc and bb in the final state.
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cc
':2

9 different H1 and ZEUS charm cross

sections measurements were combined:

red

0.2

H1 and ZEUS
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DESY-12-172 [E.P.J.C 73(2013)2311], ZEUS-prel-14-006

And used together with HERA |
inclusive data in FFN scheme QCD fit
for extracting running charm mass:
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Running of m (u ) observed.
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P+ 0

ZEUS prepareZ:I beauty structure functions

measurements combination :
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DESY-14-083 [JHEP09(2014)127]

Extracted beauty mass:
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ZEUS

(param. )
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And compared to PDG and LEP running beauty

F OO xer»rnm

PDG with evolved uncertainty

ZEUS
DELPHI 3-jets

DELPHI 4-jets NLO

ALEPH
OPAL
SLD

IllIIIIIIIIIIIlIIlIIIIIIlIIII

10

un [GeV]

Consistent with running expected from PDG.
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Multijet production at high Q2

DESY-14-089 [arXiv:1406.4709]

H1 Data NLO ® chad
® 150 < Q%< 200GeV? (-5 O 400<Q?<700GeV? (-2 NLOJet++ with fastNLO
O 200<Q?<270GeV? (-4 4 700 <Q?<5000 GeV? (-1 QCDNUM

MSTW2008, o, = 0.118
B 270 <Q%<400GeV? (=3 A 5000 <Q?< 15000 GeV? (-0

- 1 0°F Normalised Normalised Normalised
> i Inclusive Jet Dijet Trijet
+ H1 recently measured double S 10T .
differential inclusive jet, dijetand o b . .
trijet cross sections. < b . . y
s - ; :
o 10t ° ' -
. © F °
+ Measured absolute cross sections 5 L - . i .
are normalized to NC DIS cross - 102?_ . - . e
sections to benefit from cancelation i . S .
of correlated systematic 2 10 ; . -
uncertainties. = 1F . - S 5
- L A o A
0_I— 10-15_ s a A
© E a A 5
\E 10-22_ 3 a 7y i
S o H1 A
-o 10-SE_I 1 II 4 11 II é }
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Multijet production at high Q2

DESY-14-089 [arXiv:1406.4709]

T 1 LI I T T T 1 T L I_
— H1 multijets at high Q?

[ H1 exp. uncertainty . 5 £ . . . ..
H1 total uncertainty 1 Simultaneous Y *-fit to inclusive jet, dijet

o H1 multiets at high Q2 —-| and trijet cross sections extracts:

e H1 multijets at low Q?
ZEUS inclusive jets inyp

ALEPH Y., [NNLO] (Dissertori, et al.) ] _
s JADE 42t rats oo 4 (M ;)=10.11650.0008 ( exp. )+ 0.0038 ( theo. )
m OPAL y,, INNLO] 5

(X'S(ur)

0.20 P

0.15} ] .
[ most precise value of a (M) from jet

cross sections, theory available at NLO
only and gives dominant uncertainty.

The running of the strong coupling o._as a
function of scale u_shows good consistency
with other jet data measurements.

300 1000
i, [GeV]
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HERAPDF : jet data

Hiprelim-11-034, ZEUS-prel-11-001

Jet data is used in QCD fit with inclusive combined data for estimation of
optimal strong coupling o

H1 and ZEUS (prel.)

20
N -- HERAPDF1.5f
v, 1O — HERAPDF1.6

HERAPDF Structure Function Working Group March 2011

0.114 0.116 0.118 0.12 0.122 0.124 0.126
otg(M,)
Jet data highly increase sensitivity to o...
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Summary

« Combination of all final inclusive DIS measurements «

by the H1 and ZEUS collaborations provides cross
sections of very high precision.

+ Clean determination of proton’s PDFs based solely
on HERA ep collider data.

+ Combined HERA DIS charm data is sensitive to charm
mass: running of charm quark mass m (u ) observed.

H1 and ZEUS preliminary

0.8 -

W2 =10 Gev

—— HERAPDF2.0 (prel.) NLO an =35 GeV?

B exp. uncert.
[""] model uncert.
[ parametrisation uncert. xu,

L xS (x0.05)

« ZEUS DIS beauty data made possible first measurement of beauty mass at

hadron collider.

+ H1 measurement of jet production in DIS allows a precise determination of

the strong coupling constant ...
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