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HERA collider
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Combining measurements

«# All inclusive DIS results are final and published!
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H1 and ZEUS preliminary
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Consistant data sets: total y*/ndf = 1685/1620.

« Correlations of systematic uncertainties
considered.

« Procedural uncertainties ~ 1%.
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Combined reduced cross-sections
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Comparison to HERA |

H1 and ZEUS preliminary
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# Significant reduction of the uncertainties!
(increase of statistics, coherent treatment of correlations)
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Extraction of PDFs from inclusive data

H1 and ZEUS preliminary
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HERAPDF2.0: settings for QCD fit

¥ QCD fits are performed using HERAFitter package
www.herafitter.org

HERAF It er
& PDFs (15p) are parametrised at Q> = 1.9 GeV?
(See talk by R. Sadykov)

ftx) = Ax°(1 — %) (1 4Dz + Ex°)

xg (x),xu,(x),xd,(x), xU(x),xD(x)

# PDF evolution is performed using DGLAP equations

# Heavy flavour coefficients are obtained within GM VFNS (RT)
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http://www.herafitter.org/

HERAPDF2.0: NC e*p

H1 and ZEUS preliminary

« Clearly seen EW and SR m HERA NCe'p (prel) 0.5 b
N . . - ":. . : ~ -1
scaling violation effects S HERA NC ¢p (prel.) 0.4 fb
) ] an x=u.mm:u:mz“t - Ws = 318 GeV
NI B e 00013, = Fixed T
Small x: Gluons, sea quarks 3 e L ORiED, it —_— H;m:nrﬁ;tn (prel) ¢'p
| | B 0| e e m HERAPDF2.0 (prel.) ¢ p

- %= (LINNIS, k=15 NLO, anﬂ" = 3.5 GeV®
d r'__.,..ol"‘"'_"-. w = (WiL3, i=14

10! . % = (N, i=13
x = (WS, i=11

_,,/’ i ."\‘., o ps ‘._ll - 5 M w = (LN, 1=10
ﬁ@ﬁ‘ rﬁﬁ’b\\ . enesrrr  x=0013,i=0
"l ™ . g— e twatge X =002, i=H
) R
10 . . ——— vevery=1  x=0032,1=7

a8 u = LA R S S w = LIS, i=h

x = (LI, =5

_..n-—-—""}

Q2T = F, T for fixed o sy =0.13, k=
i e B i s T Tt _._":—br — .18, 1=3
Large x: valence quarks 1 U eeenagnome:- —:}J}’ x=1.25,1=2
1 M— nl
1 TR -—nN x= (.40, =1
10 [
yess i
0™ LA x =065, =0
- : o 0 |
_ _H\"Jl\ 'g\\ / ! 10 10’ 10’ 10° 10”
- Q%/ GeV*
4 2
Q2T = F, | for fixed x O o= O 2x d’ o}, ﬁziLxﬁ3—y—ﬁL
r,
2na’ Y, dde Y, Y,

Hiprelim-14-042 ZEUS-prel-14-007
Volodymyr Myronenko | H1 and ZEUS | ISMD 2014 — Bologna, Italy | Proton Structure from HERA 8/18




HERAPDF1.5 vs HERAPDF2.0

H1 and ZEUS preliminary H1 and ZEUS preliminary
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# Valence distributions look alike, HERAPDF2.0 are a bit more peaked.

# Low x gluon uncertainty is larger for HERAPDF1.5.
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HERAPDF2.0: Q* dependence

<+ Q> =3.5GeV?

- Q> =10 GeV?

+ Small tension between low and high Q2 data.
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H1 and ZEUS preliminary
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H1 and ZEUS preliminary
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HERAPDF2.0: NLO fits

H1 and ZEUS preliminary H1 and ZEUS preliminary
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# Valence distributions look similar.
# High x gluons are a bit shifted.
+ For Q° =10 GeV? gluon uncertainty is significantly larger at low x.
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HERAPDF2.0: NLO fits

H1 and ZEUS preliminary
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Longitudinal structure function F
Q4x aﬂgep y_z
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Y.=1x(1-y) O°=xys HER

§ Vs = LR O
@ F,(x, Q°) total quark content IR s O

Fz(x,Q2)=§eziX(q,-+cZ) FZ-FL Vs=225GeV
0 yIY. 1
¥ F, (x, Q) longitudinal structure function (QPM)

Fi(x,0°)=F,—2xF;=0 Callan-Gross relation
+ F(x, Q) Iongitudinal structure function (QCD)
f dz 16

Fulx0)= 22 [ L

+F is dlrectly sensmve to the gluon denS|ty

Reduced NC cross section: o, .=

— F + 826 (l—i)xg]

2, + To disentangle F, and F: fix x and Q?, vary y

Volodymyr Myronenko | H1 and ZEUS | ISMD 2014 — Bologna, Italy | Proton Structure from HERA 13/18



L H1 and ZEUS
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# Direct probe of gluon distribution
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DESY-14-053, submitted to Phys. Lett. B [arXiv:1404.6376]

F. structure function & xg(x)

+ Average F, measurements over x
at each Q? to reduce stat. uncertainty.

+ Probability of agreement is about 20%.

+ Good agreement between the NNLO
predictions and the measurements.

H1 Collaboration

I~ @ HI
| xg, HERAPDF1.5 NLO
| = = = = xg from FL, HERAPDF1.5 NLO
1 L1 1 1 1 1 1 1 1 I| 1 1 L 1 1 1 L1
1 10 100 1000
Q* [GeV?]

Eur. Phys. J. C 74 (2014) 2814 [arXiv:1312.4821]
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F & F_° structure functions

4 2 qq 2 Y+:1i(1_y)2
7 X d o _ +
ol=—L =Y (3, Q0) - FY (v Q)
2na’Y, dxdQ’ + 0> < M?

@ F,(x, Q°) — dominant contribution

Fz(x: Qz):§e¢21,-x<Qi+q_i)

¥ F,(x, Q°) — exchange of
longitudinally polarised photons

4 8 4

b + Small contribution: up to 1-2%
only at high'y
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F & F_° structure functions

Eur. Phys. J. C73 (2013) 2311
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# Measurements performed in wide range of Q2.

# Reasonable agreement of measurements with various predictions.
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r. Running masses extracted using QCD fit to HERA I Inclusive + charm (beauty).

mcand m, extraction

+# FFNS by ABM is used. Masses are defined in MS scheme.
ZEUS-prel-14-006

H1 and ZEUS preliminary
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m.(m,)=1.26%0.05(exp.)+0.03(mod. )= 0.02( param. )= 0.02( o)
Eur. Phys. J. C73 (2013) 2311
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Summary

+ Combination of full HERA I+l inclusive

data performed.
Hiprelim-14-041 ZEUS-prel-14-005

H1 and ZEUS preliminary

- e HERA NC ¢*p (prel.) 0.5 fb”
X 16 Vs = 318 GeV
Q
z x=0.002 0 ZEUS HERA II
o 14 x=0.0002 % éﬂ ZEUS HERA I
{ © HI1 HERA II
J " H1 HERA I

+ HERAPDF2.0 fits are performed at
NLO and NNLO using combined HERA

data.

ln o ntEe R s . x=0.08

H1iprelim-14-042 ZEUS-prel-14-007

+ New measurement of NC DIS cross section at different center-of-mass

energies by H1 and ZEUS. DESY-14-053, submitted to Phys. Lett. B [arXiv:1404.6376]

Eur. Phys. J. C 74 (2014) 2814 [arXiv:1312.4821]

. o L
+# Inclusive F_*® and F_* measurements finalised. m (m_) and m _(m,)

Eur. Phys. J. C73 (2013) 2311

were extracted.

[arXiv:1405.6915 hep-ph]

+# Running of m _(u) was studied. ZEUS-prel-14-006
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Backup
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HERA data collection

HERAPDF1.0

HERAPDF1.5
HERAPDF2.0

H1 and ZEUS preliminary

10°

HERA I data
HERA II nominal E,, data

HERA II reduced E, data

LE B BN B J

FAck

FHEFEHEN0 S & & & 200 @

Data Set x Grid 0%/GeV? Grid L Vs
from to from to pb~! GeV

HERA 1 E, = 820GeV and £, = 920 GeV data sets
HI svx-mb 95-00 | 0.000005 0.02 0.2 12 2.1 301, 319
H1 low Q* 96-00 [ 0.0002 0.1 12 150 22 301, 319
H1 NC 94-97 [ 0.0032 0.65 150 30000 35.6 301
Hl CC 94-97 | 0.013 0.40 300 15000 35.6 301
H1 NC 98-99 [ 0.0032 0.65 150 30000 16.4 319
Hl CC 98-99 [ 0.013 0.40 300 15000 16.4 319
Hl NC HY 98-99 [ 0.0013 0.01 100 800 16.4 319
Hl NC 99-00 [ 0.0013 0.65 100 30000 65.2 319
H1 CC 99-00 | 0.013 0.40 300 15000 65.2 319
ZEUS BPC 95 | 0.000002 0.00006 0.11 0.65 1.65 300
ZEUS BPT 97 | 0.0000006  0.001 0.045 0.65 3.9 300
ZEUS SVX 95 | 0.000012 0.0019 0.6 17 0.2 300
ZEUS NC 96-97 | 0.00006 0.65 2.7 30000 30.0 300
ZEUS CC 94-97 | 0.015 0.42 280 17000 47.7 300
ZEUS NC 98-99 [ 0.005 0.65 200 30000 15.9 318
ZEUS CC 98-99 [ 0.015 0.42 280 30000 16.4 318
ZEUS NC 99-00 | 0.005 0.65 200 30000 63.2 318
ZEUS CC 99-00 | 0.008 0.42 280 17000 60.9 318
HERA II E, = 920 GeV data sets
H1 NC 03-07 [ 0.0008 0.65 60 30000 182 319
H1 CC 03-07 0.008 0.40 300 15000 182 319
HI1 NC 03-07 0.0008 0.65 60 50000 151.7 319
H1 CC 03-07 | 0.008 0.40 300 30000 | 151.7 319
H1 NC med Qz 03-07 0.0000986 0.005 8.5 90 97.6 319
H1 NC low Q2 03-07 [ 0.000029 0.00032 2.5 12 5.9 319
ZEUS NC 06-07 0.005 0.65 200 30000 135.5 318
ZEUS CC 06-07 [ 0.0078 0.42 280 30000 132 318
ZEUS NC 05-06 0.005 0.65 200 30000 169.9 318
ZEUS CC 04-06 0.015 0.65 280 30000 175 318
ZEUS NC nominal 06-07 | 0.000092 0.008343 7 110 44.5 318
ZEUS NC satellite 06-07 | 0.000071 0.008343 5 110 44.5 318
HERAIL E,, = 575 GeV data sets
HI NC high @* 07 | 0.00065 0.65 35 800 5.4 252
H1 NC low Q* 07 | 0.0000279 0.0148 1.5 90 5.9 252
ZEUS NC nominal 07 | 0.000147 0.013349 7 110 7.1 251
ZEUS NC satellite 07 | 0.000125 0.013349 5 110 7.1 251
HERA Il E,, = 460 GeV data sets
HI NC high @* 07 | 0.00081 0.65 35 800 11.8 225
H1 NC low Q? 07 | 0.0000348 0.0148 1.5 90 12.2 225
ZEUS NC nominal 07 | 0.000184 0.016686 7 110 13.9 225
ZEUS NC satellite 07 | 0.000143 0.016686 5 110 13.9 225

10° 10* 1073

—
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+# All inclusive DIS results are final and published!
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Combination challenge

# Translating/Swimming various
measurements to common
points of kinematic phase space.

7 <
+ Averaging measurements
(account for correlations of
systematic uncertainties).
+ Estimate procedural
uncertainties. <
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Data swimming

Most of measurements stay
at original Q?, x and y

Only ~ 1/3 of measurements
are swum

NC ep
20+ A |
¥ Averaged mesurements
19— 0.972 —

Original measurements

18— —
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Data swimming

Swimming factors a are obtained from
the QCD fit to the uncombined data.
HERAFitter used  www.herafitter.com

Q2 > 3 GeV2 DGLAP formalism is used.

Q2 < 4.9 GeV? Fractal model is used.

(3]
Fractal Fit
]
0 3.0 1 4.9 il 30000.0 (2
DGLAP NLO
weight ”\g
1. | ] \
HE
0.5 /jfﬁﬁﬂtb
0 //
www. herafitter.org
3.0 4.9Q?

X

2 — 2
O-meas (Qgrid ’ xgrid ’ ygrid) = O-meas ( Qorl'g ’
theor 2
o (Qgrid ’ xgrid ’ ygrid)

theor( 2 )
o Qorig ? xorig ’ yorig

o=
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orig ’ yorig)ﬁ_

Most of measurements stay
at original Q?, x and y

Only ~ 1/3 of measurements

dare swum
NC ep
20+ A |
¥ Averaged mesurements
19 0.972 —
Original measurements
18— —
1.013
1.003
16 | I I |
0.0017 0.0018 0.0019 0.002 0.0021 0.0022
X
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Averaging measurements

Averaging was performed using HERAverager package

https://wiki-zeuthen.desy.de/HERAverager

AVEP&QE

Multiplicative treatment of systematic uncertainties ~_ /

Contribution to %* from
a data set

—+3p°

Xexp a’s m, b =2

/ Wtu m ZY]m b])-l_ luncor ’)2 J !

Vector of averaged Vector of systematic CorTelated systematic
values uncert. shifts uncert.

Origin measurements
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Procedural uncertainties

* Multiplicative versus additive
* All correlated systematic uncertainties treated as multiplicative for nominal

result

* Correlated systematic uncertainties except normalization uncertainties treated
as additive in this check

* Hadronic energy scale procedural uncertainty (HAD) and PhP background

procedural uncertainty
* Hadronic energy scale and PhP BG uncertainties cross-correlated between H1 and

ZEUS for HERAI (as in HERAT paper)
* HERAII

- ZEUS uncertainties NOT correlated to HERAI and NOT to H1
- H1 uncertainties correlated to HERAI
* Procedural uncertainties included in QCD fits as correlated uncertainties
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Electroweak effects

H1 and ZEUS preliminary

1.2

”5 1 <, + +
¥ ® HERA NC e p (prel.) 0.4 fb ~__e(k) ETkj},f’f
% 1} ig ' g x=0.008 B HERA NC e*p (prel.) 0.5 fb™ e , ,,/
ot (] o
© g g Vs =318 GeV a{}
08 | * tj Y, Z (sz
? x=0.032 » @) _"‘: -
0.6 i gul 8 isf ;i LI { A ”“:_—; L
. s x=0.08
s ° + X
Iil'.'!-'i=.! i 3
0.4 |
’ :
. $$ N T Y025 ¥ yZlinterference term effect
02 | T is clearly seen.
L]
0

2 2 .
K Q ) FZ
2 2 3
+ M2,
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Combined reduced Cross- sectlons
+ 27T X M +Q2 ’ eCC? Y+ Y_ _y_ -
O, cc= G?[ M%V ] DdO’ 2W —|—2xW 2W

H1 and ZEUS preliminary

3

_—

o Q% =300 GeV? L Q=500 GeV? Q%= 1000 GeV? Q% = 1500 GeV? + 2
< . é(k) v(k’) -
\% 2 r i k ‘Vﬁ *

& - B -
lb:: { é % g é q} L . . .] \\ -
¢ﬂ] FO b g_,g - “e [
L ]|
0 L | L L L1
Q* = 2000 GeV* Q’ = 3000 GeV Q% = 5000 GeV* Q* = 8000 GeV’ W (Q )
1 -
g o tey “ ¢ Y N—
ST I . ve [ Sz { = D
I * M R -~
L ]| % - —
0 Ll T BT A il Ll .‘.Fl..... - . [_1} X
Q*=15000 GeV? | Q*=30000Gev? | 107 107 10° 10"

0.6 1 i e HERA CC e p (prel) 0.4 fb'
04l j i Vs =318 GeV

’ T [0 ZEUS HERA II o

| ; ZEUS HERA 1 +# Very good precision.
02 ® -
T O H1HERA II
o Lo I K /. H1HERAI
10  10? 102 107

X
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S cc(x:Q%)

0.5

0.4

0.2

Comparison to HERA |

- H1 and ZEUS preliminary

Q% =300 GeV? Q’ = 500 GeV? Q7= 1000 GeV? Q* = 1500 GeV?
.4 i
Cole T "t
]
Q? = 3000 GeV? Q% = 5000 GeV?
* ’
» »
[ ]
Q%= 30000 GeV* | 107 107!
e HERA CCe

+# Large uncertainty reduction.

Vs = 318 GeV

0.1

H1 and ZEUS preliminary

%

# New points coming from HERA Il only.
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GeV? Q? =500 GeV* Q" =1000 GeV’ Q’ = 1500 GeV*
S
[ |
h .
. + . » . » . . .
S »
L ]
L Q?=2000 GeV? Q? = 3000 GeV? Q= 5000 GeV? Q* = 8000 GeV*
# ‘5 + .
™
. . e
. e
] L4 ™
Q2 = 15000 GeV? 10?7 10" 10 107!

X
e HERA CC ¢'p (prel.) 0.5 fb™

Vs = 318 GeV
®m HERA I
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HERAPDF2.0: settings for QCD fit

# QCD fits are performed using HERAFitter package
& PDFs (15p) are parametrised at Q > = 1.9 GeV?
Il = Angg(l — x)% —A;xBE'(l — x)%
xu(x) = AyxPo(l = x)% (1+ Dy x + E, %)
xd(x) = AgxPu(1 - x)Ce
xU(x) = Agx®o(1 - x)*9 (1 + Dgx)
xD(x) = Apx®s(l — x)*P
# 4,,4,,4, are constrained by QCD sum rules
v xux—_))oxc;’ ¥ 4., 4, are constrained via x5=f x D

+# PDF evolution is performed using DGLAP equations
+# Heavy flavour coeffitients are obtained within GM VFNS (RT)

[Mi_mz’(l_zyi'b )]2 §° mo+9° m.
X2:Z . : T : +2bi+2h’l Z,L;}’ZCOI/’ 12 z,;tatulz i
: 61 uncorm 61 stat Ml (1 §Yij) / : 6i,uncor Mi +6i,stat Mi
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xf

HERAPDFZ2.0: errors estimation

H1 and ZEUS preliminary

|J,? =10 GeV*
— HERAPDF2.0 (prel) NNLO Q® = 3.5 GeV?
Bl exp. uncert. o

model uncert.
[ parametrisation uncert.

0.8 -

X,

0.6
0.4

2 xS (< 0.05)

10 10° 102 107!

1

X

« Parametrisation uncertainties:

- Starting scale Q * variation.

# Experimental uncertainties:
- Hessian method used: full

second-derivative matrix calculated
- Conventional Ay* = 1 =>68% CL

v
Variation Standard Value | Lower Limit | Upper Limit
£ 0.4 0.3 0.5
M (NLO) [GeV] 1.47 1.41 1.53
M”" (NNLO) [GeV] 1.44 1.38 1.50
M, [GeV] 4.75 4.5 5.0
Q- [GeN'] 10.0 g8 125
Q. [GeV?] 3.5 2.9 5.0
03 [GeV?] 1.9 1.6 23
30/18
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HERAPDF2.0: NC low Q?, x

H1 and ZEUS preliminary

Q=2 Gev? QF =27 GeV* Q' = 3.5GeV QF =4.5 Gev?

+Q =3.5GeV?

2
O ne(%,Q0)
g |
|
e
|
- |

2 1386 0 , ; , ; , - ; ;
X = ~1.226 NLO Q" = 6.5 GeV Q =85 GeV Q = 10 Gev Q° =12 GeV
ndf ~ 1130 L \ \_ \
0
T 10 10~ 10 10~ 1 10 10" X
H1 and ZEUS preliminary
N.'—H : - gt z 4 ogrd x P T 3 P T
Q2 = 10 GeV/?2 o Q% =2 GeV Q=27 GeV Q' = 3.5GeV QF = 4.5 Gev
> Q2 e 2L : i -
min R Boe. ., F"-,, s
- o, * g ™ “‘i_\_
= . . 5 . .
> 1156 5 | ' '*
ﬂ Y 5
L — ~1.151 NLO 0= 6.5 Gev? 0= 85 GeV? 0 = 10 Gev? 0 = 12 GeV?

ndf 1001

- " - -
“H‘- \".\ \
LT .
D I 'I_.\.il II.\.".. l

# NLO fit does not agree well with the low Q?, x.
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HERAPDF2.0: NC low Q?, x

H1 and ZEUS preliminary

Q' =2 Gev? Q' =27 GeV’ QF = 3.5GeV QF =4.5 Gev?

+ Q> =3.5GeV?

2

O ne(%,Q0)
= -
e [
|
*
[
|

2 \
X :1414Nl 251 NNLO 0 = 6.5 Gev? 0" = &5 GeV* 0 = 10 GeV?: 0 = 12 Gev?
e | _\_\_ \_ \\
0 ) i . % i - 3 A % .|.
10" 10 10 L0 T 10 10 1]
H1 and ZEUS preliminary
* szin - 10 GeV2 ”5 Q' =2 Gev? Q" = 27 GeV* Q= 35GeV j Q= 4.5 GeV?
P B -~ 3 i,
) E I"l-- "‘ } h.‘.i . Fl."!__' _ ‘l‘"
X119 148 NNLO 7, ' ,,
ndf 1001 Q= 6.5 GeV? Q' =85 GeV* 0 = 10 GeV? Q=12 GeV?
R - . :
"'\.__“ \'\ \
L] 3 |‘L ) |h 0 A 3 i
10" 10 10" L0 10" 10 10" L0

# NNLO fit also does not agree well.
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EW effects: HERAPDF 1.0 vs 2.0

H1 and ZEUS

weee HERAPDF1.0 ¢'p

N.-—s.
=S e HERAINC ¢'p
L) === HERAPDF1.0 ¢p

o HERAINC ep

e e e

o es we vesei
PR

o

cee e g oW e,

10 2 g g __ﬁ_;j

o
— x=(L1E {xB0)

=02 { ML)
=32 (xIT0AN
x =005 {xWLD)

x =048 (500

=013 {200

=

‘ M
=1

10 TFHWH—.#& x=0.40 {x0.7)

x =025 (x24)

s =

Q% GeV*
& Great precision! X Fy=—a

e

10

H1 and ZEUS preliminary
HERA (prel.) HERAPDF2.0 (prel.) NLO, Q. = 3.5 GeV’
Vs = 318 GeV Vs = 318 GeV
B NCe'p05th’ — NCe'p
e NCep0dn! w— NCep
., = =~ = =042 {xd75)
—sa-wa-satag—g—4 =003 (d)
—sn—at-sesto—ot—F x=005 (xZ70)
N s — —— — w= 008 {x170)
—r-—ﬁ—r“..-.——cd—ii =0 e
5—a-8—8-8-08 ﬂ x=I0L1§ {(x20)
"‘—n—-—.—l—.-—o—gcﬁ;:\) x=M.25 {xh)

=104 {x2)

Q2+M
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10
t
10 (] e
10 10’ 10’ 0
QY GeV*
2 2 2
K A K A
O Py +(2v,a) (22 F
O +M,
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CC high Q?, x: HERAPDF 1.0 vs 2.0

H1 and ZEUS H1 and ZEUS preliminary
R Y Q' =300GeV: | QM=s0GeV | QU=1000GeV' | Q= 1500 GeV’ NCZ 0" = 300 GeV? 0% = 500 GV Of=1000GeV: | QF= 1500 Gev?
o LS 5
L ™ T
o {:;L

NN

0Q° = 2000 Gev: Q" = 3000 Gev: Q" = 5000 GeV* 0 = 8000 GeV*

e

Q" = 5000 GeV* 0 = 8000 GeV*

05 '\\
2 A -1 2 A X -1
08 - Q= 15000 Gev? [ Q"=30000 Gev* |17 10 1o 10 08 = Q= 15000 Gev: [ QF=30000 Gev' 10 v 1y L
. e HERAICCcp 0.6 ® HERA CC ep (prel) 0.4fb™
0.4 HERAPDFL.0 0.4 \ s = 318 GeV
— i
s HERAPDF2.0 (prel.)
0.2 0.2 [ |
& H'i NLO, Q.= 3.5 GeV’
0 L =
2 A 2 1 - 0! 10 10"
10 10 10 10 " "

# Significantly more data since HERAPDF1.0.

# Improved precision!
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HERAPDF1.0 vs HERAPDF2.0

H1 and ZEUS preliminary H1 and ZEUS preliminary
1 I —y
GE 2 2 | I IEE Ii. 2 2
W= 10 GeV ] b xe W= 10 GeV
087 15D 7/ HERAPDF20(prl)NLO Q2 =35GeV 0.8 - _ | i!i 777/, HERAPDF20 (prl)NLO Q| =35 GeV®
g 1 i | HERAPDF1.0 NLO 1

X o -

0.4

0.4

0.2

0.2 #f

107 10° 102 10! 1 0 0.2 04 0.6 0.8 1

X X

# Valence distributions are more peaked at HERAPDF2.0 (new data).
# High x sea is softer whereas gulon is harder at HERAPDF2.0.
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HERAPDF1.0 vs HERAPDF2.0

H1 and ZEUS H1 and ZEUS preliminary
1 1
= Q> =10 GeV? [ u? =10 Gev?
i —  HERAPDFL0 I — HERAPDF2.0 (prel) NLO Q° =3.5 GeV?
0.8 - 0.8 |- B exp. uncert. i 1
- B exp. uncert. ' model uncert.

' model uncert. [ parametrisation uncert. xu,

- parametrization uncert.

0.6 -
xg (% 0.05)

[ 0.05
oa | X8 )

0.2 0.2

| xS (x0.05)

10* 10° 102 10! 1 104 10° 1072 107! 1
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HERAPDF2.0: NLO fits

H1 and ZEUS preliminary

xf

uW=10 GeV?
— HERAPDF2.0 (prel) NLOQ? =3.5GeV?

B exp. uncert.

model uncert.
[ parametrisation uncert. XU,

0.8 -

| xS (x0.05)

0.8

H1 and ZEUS preliminary

12 =10 GeV?
—— HERAPDF2.0 (prel.) NLO * =10 GeV?

B exp. uncert.
model uncert.
[ parametrisation uncert. Xu,
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HERAPDF2.0: NNLO fits

H1 and ZEUS preliminary

H;;g' 1

' u2=10 GeV?

08 - —— HERAPDF2.0 (prel.) NNLO Q* = 3.5 GeV?
. B exp. uncert. o
model uncert.
[ parametrisation uncert. X,

0.6
0.4 | xg (x 0.05)
02f '

" xS (x 0.05)

10
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0.8

H1 and ZEUS preliminary

u2 =10 GeV?

— HERAPDF2.0 (prel.) NNLO sz =10 GeV?

B cxp. uncert.
model uncert.
I paramefrisation uncert. Xu,
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HERAPDF2.0: NNLO fits

H1 and ZEUS preliminary H1 and ZEUS preliminary
1 1
= - 2
W =10 GeV* xg W =10 GeV
0.8 - 7///, HERAPDF2.0 (prel) NNLO Q* =3.5 GeV? 0.8 - 7////, HERAPDF2.0 (prel) NNLO Q] =35 GeV*

I HERAPDF2.0 (prel.) NNLO Q* =10 GeV* |
AWEL

| HERAPDF2.0 (prel.) NNLO le =10 GeV*
ANHLE

0.6 0o -

0.4 0.4

0.2 0.2

10 10° 107 107 T { 0 0.2 0.4 0.6 0.8 1

X
& For Q2 =10 GeV? gluon uncertainty is larger.

# Resemblance of fits at high x, but remarkable differences at low x.
+ Different shapes for gluons and sea at Q° .= 3.5 GeV*and Q° =10 GeV>.

Volodymyr Myronenko | H1 and ZEUS | ISMD 2014 — Bologna, Italy | Proton Structure from HERA 39/ 18



Longitudinal structure function F

DESY-14-053, submitted to Phys. Lett. B [arXiv:1404.6376]

ZEUS

L] [ r
I.l.".“I [ ‘*‘ d “‘ 1 dy
s Q*-9Gev: | Q*-12GeV® | Q=17 GeV?
0-5 __ __
of + = +++ H
0.5 [ .
» ] I I
w1.5F . ' '
I~ r F Y Y
I.I.N r ‘l ‘..l T “"
T Q2 = 24 GeV2 Q°-32GeV® | Q2 = 45 GeV?
0.5 . +
of & ] # %
0.5 F -
] M AT | | 1+
mJ1‘5 I T I T IIIIIII T T T 11T 1T T T IIIIIII
o 'y
" Y Ad, Ay
N 4 A F'Y 1 "
0 = 60 GeV? OFf = 80 GeV® I o* =110 GeV? |
o5 [ + T a4 zEusF,
o +++ ¢ + 1 e ZEUSH ++
HERAPDF1.5
05 [ :
] 1 1 nl | Y Lol Lol —'|
10" 10° 107 10 10" 10 10* 10" 10°
X X

Eur. Phys. J. C 74 (2014) 2814 [arXiv:1312.4821]

H1 Collaboration

: Q2 =2.0GeV? ] Q2'=2.5 GeV? Q2'=3.5 GeV? Q2'=5.0 GeV?
E:'i}ﬂn " @w‘u %;- kqu)‘;nn_h‘-‘-h
_ii ﬂ#ﬁ* ______________________________ &*_L—

Q*=6.5 GeV? Q2I= 8.5 GeV? Q2I= 12 GeV? Q2I= 15 GeVQI

i &, o, Sy

10+ 10

3

X

10* 10

10* 107

oF,Hl ¢ F,ZEUS

X

10* 107
X

-- F, HIPDF 2012

oF Hl +F ZEUS —F HIPDF 2012

# Good agreement between measurements and predictions.
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Charm quark mass running measurement

From mc(m¢) it was translated back to m.(u) by 1-loop formula :

(ﬂfs(#-] )ELD

.

me(p) = mc(mC) 1
(alme) )

Where [y for Nr=3 is 3—

p=1Q?+4m,

Formula implementation cross-checked with RunDec

larXiv:hep-ph/0004189] code.

Q? was chosen to be log average between Q? of used bins
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