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The total photoproduction cross section is determined from a measurement of electroproduction with the ZEUS
detector at HERA. The Q? values of the virtual photons are in the range 10~7 < Q2 < 2 x 10~2 GeV2. The yp total
cross section in the yp centre of mass energy range 186-233 GeV is 154 + 16 (stat.) = 32 (syst.) ub.
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Resolving Structure of Matter

HERA, e (27.5 GeV) HERA NC(CC) Events
p (920 GeV) collider
to study the proton
structure with a
high resolving
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ep Scattering at HERA

DIS cross sections provide an access to parton distribution functions in proton:

Neutral Currents
e
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dominant contribution ﬁ
important at high Q2

LO: F,~x3e (q+3) (in NLO (a%) appears)
XF, = xZZeqaq(q-q)

Yi=1+4(1-y)?

In LO e*/e" charged current cross sections
are sensitive to different quark densities:
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Structure of talk

Present new results since last Symposium
Data combination
HERAPDF2.0
F,+ charm mass, F,*? + b mass
Energy dependence of D*
Inclusive cross section at high x (ZEUS)
FL
Outlook
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Data Combination

* |sthe “climax” of an experiment; produces
text-book results
 Should be done right after each collaboration

published
 Make sure that the knowledgeable people are

still available
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Towards final HERA data combination

H1prelim-14-041,042 and ZEUS-prel-14-005,007

. All individual measurements from H1 and ZEUS are published.

41 data sets: 2927 data points are combined into 1307 averaged measurements with 165
sources of correlated systematic uncertainties.
Consistent data sets: total ¥2/ndf = 1685/1620=1.04.
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H1 and ZEUS preliminary

e HERA NC e'p (prel.) 0.5 b’
Vs =318 GeV
o ZEUS HERA II
> ZEUSHERA 1
O H1 HERA II
4 H1 HERA I

h
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Up to 6-8 data points combined into one.
Significant reduction of the uncertainties.
« increased statistics
< 0.9% stat. unc. for Q2 up to 400 GeV?
« improved systematic
total unc. < 1.3% for Q2 up to 400 GeV?

%i x=0.008
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HERAPDF History

HERAPDFs:
DGLAP analyses based only on the final combination of the HERA incl. cross sections

- no need for heavy target/deuterium correction or strong isospin assumptions

Data PDF Set

H1+ZEUS NC,CC - HERA HERAPDF1.0 (NLO, 10 pars)

o = 0.1176 (fixed in fit)

H1+ZEUS NC,CC - HERA | +II (part) HERAPDF1.5 (NLO,NNLO, 10 pars)
1.5f (NNLO, 14 pars)

NC,CC HERA | + Il (part) + jets HERAPDF1.6 (NLO, 14 pars)

o = 0.1202 +0.0013(exp)+0.004(scales)

NC,CC HERA | + Il (part) + jets + charm HERAPDF1.7 (NLO, 14 pars)

+ low-energy runs (Vs = 251, 225 GeV)

Complete HERA inclusive data HERAPDF2.0 (NLO, NNLO, 15 pars)

o = 0.118 (fixed in fit) NLO, NNLO
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HERAI+II data sets 2 HERAPDF2.0

e*p NC&CC (E, = 920 GeV), e*p NC (E, = 820, 575, 460 GeV), corresponding to 1 fb1;

165 correlated syst unc.; 0.045 < Q%<50000 GeV?, 6*10°’<x<0.65
H1 and ZEUS preliminary H1 and ZEUS preliminary
— 104 — - c c -
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NC HERAI vs All e—-l:’—e-// - See clear yZ

%2, interference effects
q
HERAPDF1.0 = HERA | - HERAPDF2.0 = ALL
N o 1O HERA (prel.) HERAPDF2.0 (prel.) NLO, Q. = 3.5 GeV*
r E prel. U (prel. y min= B €
q 1031 ® HERAINC e+p === HERAPDF1.0 ej-p q 3 Vs = 318 GeV Vs = 318 GeV
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Q => much higher precision now! Q
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Phase space of measurements (partons) in x and Q?

{ pcLap |
9 F  evolution HERA

7 6 -5 -4 3 2

10 10 10 10 10 10 10" 10
sea X valence
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Phase space of measurements (partons) in x and Q?

r=0.14fm

sea X valence
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Phase space of measurements (partons) in x and Q?
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10°
10°
W/Z
< 10 '
- i
® |
O 2 '
~ 10} ;
o :
@) : !
10"
(0 L, ' : r=0.11fm
: =0.14fm
Q,’ , r
o i N
10" ] |
107 10" 10° 10 10° 10” 10" 10°
sea X valence
Aharon Levy, HERA Symp. proton structure 13



Phase space of measurements (partons) in x and Q?
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HERAPDF2.0:

H1 and ZEUS preliminary
T T T TTTT T \\\\\H‘ T T T TTTT

Uncertainties

1 T ‘
’ u?=10 Gev*
| — HERAPDF2.0 (prel) NLO Q* =3.5 GeV?
0.8 - Bl exp. uncert. mn
[ ] model uncert.
[ parametrisation uncert. xu,
11/11/2014

Consistent data set » use Ay?=1

Model Uncertainty:

Variation of the input parameter values

Parametrization uncertainty:

1. Envelope from DGLAP fits using variants
of the parametrization form at Q,?

zf(x) = AzP (1 — 2)“(1 + Dz + Ex2?)

2. Variation of the starting scale Q,?

Aharon Levy, HERA Symp. proton structure 15



First signs that DGLAP cannot be abused

H1 and ZEUS preliminary

et
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N; 124 - HERAPDF2.0 (prel.)
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Price to pay for constraining partons only above 10 GeV?

H1 and ZEUS preliminary H1 and ZEUS preliminary
T T T rrrrr T LB LR | T T et T T T T T T T T T T LN B B L

1 ‘g 1 —
b ~ 2 . b ~
u2 =10 GeV u2 =10 GeV?
2 - PR 2 » 2 ]
08k — HERAPDF20 (prel) NLO Q__ =35GeV" | s | —— HERAPDF2.0 (prel) NLO Q=10 GeV?
. I exp.uncert. . B ex min
p. uncert.
L_J model uncert. 1 [ () model uncert.
[ parametrisation uncert. xu, ; \ [ parametrisation uncert. Xu,

L xS (x 0.05

104 10° 102 10" 1
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HERAPDF1.0 and 2.0 with Q2. =3.5 Ge\?2

H1 and ZEUS

HERAPDF1.0

0.6
xg (X 0.05)

0.4

0.2

Q* =10 GeV?

— HERAPDF1.0

- exp. uncert.
E model uncert.

- parametrization uncert.

10* 10°

11/11/2014

S
”

Aharon Levy, HERA Symp.

H1 and ZEUS preliminary

HERAPDF2.0 Hf =10 GeV

— HERAPDF2.0 (prel.) NLO Q® =3.5 GeV?

I exp. uncert.
model uncert.
[ parametrisation uncert. xu

0.8 |-

-> HERAPDF2.0: softer sea &
overall reduced uncertainties

proton structure 18 18



Comparison to other popular PDFs

H1 and ZEUS preliminary

xu, (x,Q7%
#ﬂ-

Q% =10 GeV?
Ykt CT10 NLO (68% C.L.)

" &> NNPDF2.3 NLO
[ -+++ HERAPDF1.5 NLO
0.8 ¥ MSTW2008CPdeut NLO
O - HERAPDF2.0 (prel.)
i NLO @}, =3.5 GeV*
0.6
0.4+
0.2~
0
10* 10° 102 10"
'g 5 Q%= 10 GeV?
) %444 CT10 NLO (68% C.L.)
& oo NNPDF2.3 NLO
* -4+ HERAPDF1.5 NLO

IIIITVII'II

11/11/2014 10*
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NLO Q2, =3.5 GeV?

10 102 10!

xg(x,Q%)

06 Q* =10 GeV?

¥ CT10 NLO (68% C.L.)

0 &3 NNPDF2.3 NLO
+++ HERAPDF1.5 NLO
S5 MSTW2008CPdeut NLO
- HERAPDF2.0 (prel.)
0.4 NLO QZ,=3.5 GeV*

Q?=10 GeV?
¥%# CT10 NLO (68% C.L.)
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++++ HERAPDF1.5 NLO
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NLO Q?, =3.5 GeV?

10* 10° 102 10"
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Heavy Flavour Production at HERA

Heavy Flavour (HF) production: multi-hard scales pose a challenge for pQCD
mc, Mo, p1, Q% —> several calculations (schemes) exist

Zero-Mass Variable Flavour Number Scheme (ZMVFNS) — massless scheme
Fixed Flavour Number Scheme (FFNS) — massive scheme
General-Mass Variable Flavour Number Scheme (GM-VFNS) — matched scheme

Main process of heavy quark production at HERA is Boson Gluon Fusion

o)
Measurements of heavy quarks: fl ( )Z7 C
are sensitive to the gluon PDF via i
are sensitive to the masses of the heavy quarks 1 E% D
are sensitive to the fragmentation process of heavy
flavour hardons | S PDEL Bl
=

Pie)  x .

20
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H1 and ZEUS H1 and ZEUS preliminary
| ° 2 W: T T T T
Bb g Q%25 GeV? Q%5 GeV? Q%7 GeV? i AN APG D
2f 1 = U
- 20 n
0 h—— e >
05 - Q*=12GeV? | Q%18 GeV? 3 Q=32 GeV* 13
2 A IR RLAIIDLY = 16
i 1.1 1.2 13 "'L.(‘m %
1<)
—~ 14
=,
4 Q%120 GeV? | Q%200 GeV? £ 12l
1
Q=650 GeV* | Q?=2000 GeV? 0.8
e HERA
[ ABMOSNNLOMS 0.6 N
(1Y) ABMOSNLO MS L
0.4
-4 3 2 1
107 10 10° 107 10 10°

Charm Mass Running

H1-prelim-14-071 ZEUS-prel-14-006 and S. Moch

The running of the charm mass in the MS scheme is measured
for the first time from the same HERA combined charm data

. Extract m¢(m¢) in 6 separate kinematic regions
. Translate back to m¢(p) [with p=vQ?+4m¢?] using OpenQCDrad [S.Alekhin’s code]

11/11/2014

H1 and ZEUS preliminary

X
Aharon Levy, HERA Symp.
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Extractlon of MS beauty mass

ZEUS

JHEP09(2014)127

Incluswe DIS + beauty QCD fit

— T
go 22 - . zsus vtx 354 pb”! -
< Cx=0.00013i7 ~ ° ZEUSe3eapt’ ] oy, 600
| + 0.2 ZEUS 1 114 pb™! - x C
o ]
EX ‘%i/ ZEUS p+vix 126 pb™' 1 508 [
0.18 | " x=0.0002 i=6 H1 vix 246 pb™' 7: -
HERAPDF 1.5 r
016 - _Aa"ﬁé/ ABKMNNLO ] 596 C
I x=0.0005 i=5 ---MSTW08 NLO | -
014 . C
v MSTWO8 NNLO ] 594 -
0.12F — CTEQ6.6 NLO _]| -
[ x=0.0013 i=4 oo i 592 [—
0.1 . C
0.08 [ x=0.002 i=3 M 7: 590 -
L ] 588 ;
0.0 [ x=0.005 i=2 1 -
0.04 - 7 ? - 586 [— |
0.02 [ x=0.013 i=1 ,: 3.5 3.6
0 L x=0.032 i=0 {.M ]
Lol Ll Lol 1l
10 10? 10°
Q% (GeV?)

gy .

ny(my) = 4.07 £ 0.14 (fit) 700 (mod.) 505 (param.) 1§

0% (theo.) GeV

PDG 2012 : m (m,) = 4.18 + 0.03 GeV

The largest sensitivity o m_ at low Q2.

The extracted MS beauty-quark mass is
in agreement with PDG average and LEP

results.

Important QCD consistency check.
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Energy dependence of D*

ZEUS ZEUS JHEP 10 (2014) 00 ZEUS
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F . ~—— —— Background fit (wrong-sign) : 140 ;7 * —— Backgroundfit(wrong-si:n) 7; 250 } * —— —— Background fit (wrong-sign) {
3000 [ . ] 120 * = E ]
E o teoryesessilestonassts | 100 — f + il *Jﬁ} l = 200 | t LTV
2000 [ . ‘.-o»-wﬂé‘ig";%'ﬁé%wwﬂw " ] 80 [ ' * %ﬁﬁ#gﬁ%ﬁﬁ% *ﬁ ﬁ = 150 [ i w 4 ++%%%#§%H%i ii% E
- L f = T : F i :
E ] 3 %*"H E 100 s =
wo 1 =% 1 Wb M f
o:.{“..l...‘\““\‘H‘\HH\HHM: 20?2\w--l--u\uu\uumuwuu\? OE{\‘H..l...‘m”‘\HH\HH\HHM:
0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.14 0.145 0.15 0.155 0.16 0.165 0.17
M(Knr)-M(Kr) (GeV) M(Knrg)-M(Kr) (GeV) M(Kzr,)-M(Kr) (GeV)
ZEUS
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11/11/2014 Aharon Levy, HERA Symp. proton structure 23



High x - Motivation

See Allen’s talk tomorrow

The PDF’s are poorly determined at high-x. Sizeable differences despite the fact that all fitters
use the same parametrization xqoc(1-x)M. Is it possible to check this ?

I

% 0.8F Q*= 1000 GeV*
o CTEQ6.6

$0.6-

5 O-OF MRSTO04

= 0.4f
0.2

T

0.2}
04 HERAPDF1.0
0.6F MSTWO08
-0.8}
1:llllllllllllllllllllllllllllllllllllllllllllll |

01 02 03 04 05 06 07 08 0.9 1
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1-jet, O-jet

Jet found No jet found

qudge X>xEdge

-

I=I
e

» At high Q?, scattered electron seen = 100% acceptance
* For not too high x, Q2 from electron, x from jet
*  For x>X 4., Q% from electron, integrated cross section from x

edg to1l

edge
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d*o/dxdQ? (pb/GeV?)

NC cross section e*p

DESY-13-245, Phys. Rev. D 89 (2014) 072007

ZEUS

ZEUS
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F,, linear fits

Measure reduced cross sections
o, = F1(%,Q%) —(y?/Y,)F,(x,Q?)
at same x, Q2 but different y=Q2/xs - vary s

H1 Collaboration

1.4

13

1.2

11
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= Q’=60 GeV’, x=0.00158 F Q*=60 GeV?, x=0.00182 F Q= 60 GeV?, x=0.00242

5 E =920GeV [ E,=575GeV E, =460 GeV

E 0 HI,SpaCal | = H1,LAr E e HI,LAr

3 F oH1, SpaCal 3 o HI, SpaCal

3 3 3 — Linear fit
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2 2
y/(1+(1-y)")
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ZEUS

£ e zEUS

Q* =9 GeV’

x = 0.00025

— Fit:F,-F_-y2/Y,

T T
Q® =12 GeV?

x =0.00033

P

T T
Q=17 GeV?

x =0.00047

} }
i Q” =24 GeV*

x =0.00067

t
Q° =32 GeV?
x = 0.00089

t
Q° =45 GeV*
x =0.00125

t
Q* =60 GeV’

x =0.00167

x = 0.00222

T
Q?=80Gev’ T

Q*=110GeV?

x =0.00306
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F,and F,
theory independent extraction

H1 Collaboration H1 Collaboration
. . . . . . . . F,,F PSR S PSP Y AN ST P Yy
F,, F, @=20GeV? @ =25GeV? @=35GeV? @=50GeV? 2L FBOV L FoaSGeV | QPot0CeVE | 9;;906""
F T I + ] o
1.5 - N ) 1 o ‘ 1 L 1 6. ) 1
05»* et * Tt * * ] OFF i it m
obts.. KP F o S . | R o "QPo120GeV? | Q= 10GeVE | QP=200GeV? | QP=250GeV® |
+ + + + + + + + - % 2
s Q*=6.5GeV? Q*=8.5GeV? Q@*=12GeV? Q=15 GeV? 13 AR 4 # T %Q\_ T Q"%o\ ]
3 P & T G, 1 x, ] 05F 3 ) 3 et * e
13 B2 S %0"‘~~-<,,_ 1 St e oF 1 3 RaE
05F w‘—» ﬁﬁ%\ ;#LV %\ L5k }Q2=300}GeV1 i }Q2=400}GeV1 i }Q2=50(;G5V1 i }Q2=650}GeV2 ]
Q2 =20 GeV? Q2 =25 GeV? 10* 107 10 10° 03¢ 1 T 1 ™
15F ;| F PO X X 0 ¥
o, s S SV L AP A W |

oF,Hl ¢F,ZEUS -- F, HIPDF 2012 @=800GeV? 110° o2 00 102 00 102

05F T 1 eF Hl +F ZEUS — F HIPDF 2012 n ]
. oF,Hl ¢F,ZEUS -- F,HIPDF2012
!

eF Hl oF ZEUS — F HIPDF2012

i B 5 w15 I T T T ™ 0 &
10* 10 10" 10 = A N a
X X o «, '™ Ay - .
N3 -9cev? T o*-12cev? T Q*=17GeV ] 100 w5
05 + + E

05 + + B
" " . " n .
w5 N st t et + +—
o3 A
-~ A s hy
1F 1 1 ]
Q7= 24 GeV* Q=32 GeV* Q=45 GeV*
osfF + + + B
S R T
05 F + + 9
w1s f t it t t t t u
o3 A
" 1 a, e b
Q° = 60 GeV* Q° =80 GeV* Q= 110 GeV?

s holiEe -y

HERAPDF1.5 @

. " " " " "
102 10* 10° 102 10* 10° 10?
X X X
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H1: DESY 13-211

Eur. Phys. J. C 74 (2014) 2814
ZEUS: DESY-14-053

Phys. Rev D 90 (2014) 072007

Final measurements of F,
published by HERA.

H1 covers large kinematic
range in Q?, (1.5 -800
GeV?); good tracking & EM
calorimetry in the rear
direction, go to smaller
electron energies.

At low Q?, very large

uncertainties in the
theoretical predictions.
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H1 - ZEUS, FL

Fp

04

0.2

H1 and ZEUS

HERAPDF1.5 NNLO

© H1

ABM12 NNLO
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Outlook of Combinations

Papers in editorial process and to publish soonish
 Combined inclusive HERA I+ll data and HERAPDF2.0

e Combined D* cross sections

These are results we are planning (‘wish list’, ‘dreams’.....)
* Running mass(charm)

Polarised data and electroweak fits

Contact interaction fits

New combined F,* and combined F,*?

Combined jets and a from jets
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BACKUPS
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Global QCD fits

Input parameters of the fit (Q%,=1.9 GeV?)

g, TU,, xd,, U = zt, D = xd + x5
zf(z) = AzP(1 — ) (1 + Dz + Ez?)

In addition

* M °Pt—mass of the charm quark (best x* to F,°)

* M, - mass of the bottom quark

* f.—suppression of strange quarks (neutrino and ATLAS)
* Q2. —fordetermination of x? (3.5 GeV?, 10 GeV?)

* o(M,?)=0.118

e Momentum sum rule

e Flavour conservation
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Variation Standard Value | Lower Limit | Upper Limit
fs 0.4 0.3 0.5
MP(NLO) [GeV] 1.47 1.41 1.53
MZP" (NNLO) [GeV] 1.44 1.38 1.50
M, [GeV] 4.75 4.5 5.0
0%, [GeV?] 10.0 7.5 12.5
0%, [GeV?] 3.5 2.5 5.0
02 [GeV?] 1.9 1.6 22
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