/ Electron
Proton

All you want to know about proton structure
.. but are afraid to ask
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] HERAPDF2.0 (prel) NLOQ° =35
[[] HERAPDF2.0 (prel) NLO Q° =10 GeV"




Global analysis of parton distributions

Goal: determination of the input distributions (for light quarks and gluons):

Method: Parametrizations zf(z,Q3) = Nz*(1 — z)° function(z)

and usual statistical estimation (fits):

2(p) — i (data(z’) — theory(i, p) ) 2

— error(7)

Position of minimum gives the value
and curvature gives the error (region
within a certain “tolerance” Ax* = 1)

(Monte Carlo methods can also be used)

Usually the chi-square definition is
more sophisticated, experimental
correlations are also treated, etc.

JL

Pedro Jimenez-Delgado

|
% iterative
e fixed errors
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Data for parton distributions: preLHC

10 |

104}
10°}

0%}

9,9
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Now we go from predicting LHC measurements to
using them for constraining parton distributions

LHCb | 2<y<5

10" F|ATLAS.CMS |y| <2.5

W/Z | 5=1TcV

Fixed target

10" F

107 10 10 10" 10 10 10" 10°
sea X valence
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Current global PDF groups

ABM: Careful treatment of experimental correlations, nuclear
and power corrections in DIS, FFNS NEw! ABM12 arXiv:1310.3059

. . ., Update
MSTW: negative mput gluons at small-x, rather “large”, .14

as(M3Z), GMVNS So0n
~ NEW! HERAPDF2.0 (prel.)
HERAPDF: Only HERA data, less negative gluons, GMVES

NNPDF: neural-network parametrization, Monte Carlo

: NEW! NNPDF3.0
approach for error propagation, GMVENS see M. Ubiali Tolk

CTEQ-TEA: parametrization with exponentials, substantially
inflated uncertainties, GMVFENS Constrains and impact on LHC results

JR [with E. Reya]: detailed study of input scale dependence,

: s . NEW! JR14
dynamical (and “standard”) versions, FFNS arXiv:1403. 1852y

(there are more groups focused on particular aspects, e.g. CTEQ-JLab)

Pedro Jimenez-Delgado



https://www.herafitter.org

4 B experimental input A
foem e T L experiments:
L e ‘*‘ e HERA, Tevatron,
" bt om - " LHC, fixed target
- processes:
LT NC, CC DIS, jets, diffraction,
§ heavy quarks (c,b,t) |
i Drell-Yan, W production
. Y
' : : N
theoretical calculations/tools

MSTW, CTEQ, ABM
fastNLO, Applgrid

Heavy quark schemes:
Jets, W, Z production:

HERAFitter

NNLO (Hathor)
DGLAP (QCDNUM)
kt factorisation
Alternative tools NNPDF reweighting
Other models Dipole model

+ Different error treatment models

Top production
QCD Evolution

\. + Tools for data combination (HERAaverager) /

e

.

H1 and ZEUS HERA I+II PDF Fit \
= I =10 Gev*

21

——— HERAPDTLS NNLO {prel )

Bl . uneert.

P March

g
£
=
f
E
£
&
E

PDF or uPDF or DPDF

J/

(C(s Mz),mc,mp, me fs, .. )

AN M

Theory predictions )

Benchmarking )

Comparison of schemes )

For details see H. Priumov & M. Lisovyi talks | 8



- Combining various PDF sets - alternative approach:
o META PDFs

1.3_ ¥ LA | ¥ ¥ LA | L ¥ T ¥ T LA |
3 2 NNLO PDFs vs. META (90%)
E i Q=8. GeV .
B ° *Alternative for PDF4LHC approach
QT "-'p
m F o - P T -
= 1O et *META PDFs serve as average of the
= WY R
£ 09p" AT i .1 chosen PDFs for central predictions
Z o8t S B A . S
: — — - aBMi1 3 * Provide good estimation of total PDF
0. 10 10 102 10 1 uncertainties
X
1_3' T T T T L | T L |
i NNLO PDFs vs. META (90%)
§ 1'25 Q=8. GeV
o 1.1¢f
D i
= 1.0F
€ ogl T
5 0'9/ --------- Msgmzﬂoua
Z 0 8" “““““ NNPDF2.3
O} TR HERAPDF1.5
: g ABM11 ]
O A ——
107 103 1072 ¢ | 1
X

httpy//metapdf.hepforge.org
Moriond QCD 2014 J. 6ao 6

o5

S2141SU2P UO4JDd PUD SUOILIUNS 2UNLINULS ‘HT 082 M2W!I[Y

O



Inclusive measurements from HERA are
core of every parton density extraction

+
0. NC

_ Pl 0
- dxdQ? 2ma?Y,

o5
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= o F, structure function

FFl-————— —=
0] 4 1
~
. . . . . =
« H1 & ZEUS published final F, measurements including low-energy running data | 5
o
o
H1 and ZEUS Details in talks: N
F, +r H1: S. Shushkevich | @
04~ T ® Hi ZEUS: J. Grebenyuk | %
- A ZEUS X
= c
02 &
c
I JR14 ©
— 04 r
O FEY ............. 03 [
B HERAPDF1.5NNLO [ ABM12 NNEO 2 0.23- I
= 1 B crionNLO N F2.3 NNLO & oo
-0.2 __ - MSTW08 NNLO JR09 NNLO oL
1 1 1 11 1 II 1 | 1 1 11 11 [ I\NI\I 1 E
1 10 102 10* 1) , |
02 [Gevz] 1 10 100

0’ (GeV?)

S9

Consistent within ~ 1 sigma (sizeable point-to-point correlated uncertainties)

11



All H1 and ZEUS inclusive measurements FINAL
— time to combine them
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Hiprelim-14- 041

Combined inclusive DIS &

| <— Neutral Current (NC)
~ <. electron 7. Z° exchange

~

e

<+—— (Charged Current (CC) 5

®

W* exchange &

O <= 8

> Fantastic precision of HERA final data | 2

in b

“-a heutrino 3 | &

HERA n A

F T T T 1T T T 11 | ; — 2
3 : ] |5

A H1le pNC _ -

% 10 = ¥ Hie'pNC 3 _ (%
a f o ZEUSe p NC HERA I ] . .
~ e 0 ZEUSe'p NC HERAII = = c
g 2 mm SM e p NC (HERAPDF 1.5) - - a
_“.g 10" - s SM e"p NC (HERAPDF 1.5) - B ’6‘".
- — = = 3

- = = 0

- { =

C — o

10-3 :? 4 HiepcCC 3 —= -8

- + Hile'pCC 5 1

E- e ZEUSe pCCHERAIl 3 B 3
C = ZEUSe'p CCHERAII ] . Q.

0%} === SMe p CC (HERAPDF 1.5) - = S

E we== SMe’p CC (HERAPDF 1.5) 3 = 23

- - =

= ™

E g{_uf § [ I | | | n

10—? 1 Ll | 1 P 4 " 1 04

—
w

10° 10 Q? [GeV] 02 [GeV2]



£ Combined inclusive DIS

* H1and ZEUS published all HERA inclusive DIS measurements - 1 fb* | _
=
* Now we combine these measurements 5
S
« 2927 data points combined into 1307 ¢ T | @
Y 0L o888 | B
* 0.045 < Q% < 50000 GeV? = Inclusive grid points _evosoeod | R
103%_ Fine-x grid points og°§§§ g § §§§ § E _C(_ﬂ;
e 6x10°7 < x < 0.65 L St ]| 2
. . N ‘8-888°8 _ —+
* Low energy running data included 10k A 4|5
f AP 112
1= P T8 303 3 3 | @
: 24 T B S B 12
O mo%;ggg%o og o go o 7] 8..
10'1;— B E ne)
S 1 |5
10-2_ IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIII; §
107 10° 10° 10* 10° 10% 107 1 | o
. . HE. X a,
HERAverager & HERAFitter used Nter =
*  Swimming done using our own full data
14




& Impressive amount of data points combined

For details see O. Turkot talk

18 HESinicl 1 per M n Ay » 2927 data points combined
o e HERA NC ¢*p (prel.) 0.5 fb™ to 1307
B iy Vs = 318 GeV :
2 * 002 1 ZEUS HERATI * 162 correlated systematic
B 14| oo | i %#’ © ZEUS HERA I uncertainties
% | © DLEER-L — Up to 6-8 data points
12 - ~ H1 HERA I

combined to 1

"

&

08

0.6 |

04

02
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& QCD scaling and EW effects beautifully seen

+

(x,Q) x 2

r, NC

H1 and ZEUS preliminary

jé e HERA NC e'p (prel.) 0.5 fb™
107 \s = 318 GeV
. L e x = 0.00005, i=21 1 Fixed Target
n . x = 0.00008, =20
07 eer . Nlowoisicw === HERAPDF2.0 (prel.)
e x = 0.00020, 1=18 NLO. Q2. =3.5 GeV
. ottt x = 0.00032, i=17 > Qunin
105 L. e X2 0.0005, =16
E e e x = 0.0008, i=15
B . W x=0.0013, i=14
104 . W x = 0.0020, i=13
g . W x = 0.0032, =12
F. M x= 0005, i=11
03 . T eeevsraeares = 0.008, =10
E W x = 0.013, i=9
2 - . W x=0.02,i=8
107 . - voe veev—e x=0032,i=7
E -Epooe—***
c —pegoee soe o treesosrete—e x=0.05i6
10 ;— ~oooen—m——e eeees —e—s.  x=0.08,i=5
E M x=0.13, i=4
i Do oSy — “~  x=018,i=3
1 & ey
g T, x=0250=2
= .
10" ; 53 x=040,i=1
2 B 3 .
10 = H x = 0.65, i=0
-3 _
10 |‘ 1 |\\\|\|| ||\|H\|2 Il \|\||||‘3 1 \\|\|||‘4 1 |||\|H|S Il | I
1 10 10 10 10 10
2 2
Q7 GeV

H1 and ZEUS preliminary

104
08 - HERA (prel.) HERAPDF2.0 (prel.) NLO, Q. = 3.5 GeV?
* Vs = 318 GeV Vs = 318 GeV
=, | ® NCe'post! =  NCe'p
Z 103 ® NCep04f’ = NCep
2
@) - —a-a-a-f—f= x=0.02 (x475)
i —aeeseaaep—g—4  *=0032 (400
I B e s B m o =1 x=005 (x270)
2
10 3 em mu msEat s § 3 x=008 (x170)
i ﬁm—-—% x=0.13 (x80)
10 g— =:- : x=0.18 (x20)
- ‘rl—-"—r-ﬁv-tﬂ—.=|< x=025 (x6)
1 =
i x=040 (x2)
-1
10| f
Ll x=0.65
10 2:— (]
i 1 \\I\Il 1 \\III‘ 1 I\\\Ill
10 10° 10* 10°
2 2
Q7/ GeV

This data (exclusively!) used as input to global QCD fit HERAPDF2.0 (prel.)
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xf

NLO & NNLO parton densities

NLO

H1 and ZEUS preliminary

08

u= Q*=10 GeV?

— HERAPDF20 (prel.) NLO Q* =35 GeV?

- exp./fit uncert.

| model uncert. xu,
- parametrization uncert.

10°

xf

0.8

10

NNLO

H1 and ZEUS preliminary

u?=Q*=10 GeV*

—— HERAPDF2.0 (prel.) NNLO Q2l =3.5 GeV?
min

- exp./fit uncert.
E model uncert. Xu
- parametrization uncert.

10° 102 107
X

For details see V. Radescu talk

1

HERAPDF2.0 (prel.) extracted

with experimental, model and parametrization uncertainties
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SUMS (GEV) mma PIOT 35 768 FPTRANS 20 064 PLONG 1S 708
TOTAL ELHS]ER ENERGY 15,100 PHOTON ENERGY ~ 4.883 3 u? PHS?HCNS

CHARGE -2
"

o5

35™ anniversary of GLUON

* PETRA, 1979
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* Gluon PDF at large x - significant uncertainties for LHC important processes

Life starts after 35

* Gluons from different PDF groups differ outside PDF uncertainties

(< Q? = 2.0 GeV?
x - CT10
X g —— MSTW2008
- W ABM11_5N
- == HERAPDF1.5
4- — NNPDF2.3

ﬁf.ﬁ’z—}}"—}#g{

1073 102

(In)direct constrains

* scaling violation, collider jet data, prompt photon data, total ttbar cross sections

10"

ATL-PHYS-PUB-2013-018

o~ T Q? = 2.0 GeV?
2, i ~—~CT10

] K — MSTW2008
x W ABM11_5N
G 2 — HERAPDF1.5
g — NNPDF2.3

x Mgy i

lilning Il
I"lllll I Ay
NRTRTNNII RN N (AR R R A A .,
- 2

1073 102 10

Gluon needs to be better constraint
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Gluon meets F,

» H1 performed direct extraction of gluon density from F,
measurement @NLO

H1 Collaboration

Xg =
20__ @ Hi
I * Direct extraction of gluon
10 N ) density from F using
I \\ approximation
0__ . ...................... Tg(T QQ) ~ 1.77 3 FL(a’T QQ)
: et mmaaroms 10 | 2a5(@%)
1 o e T  ono

Q*[GeV?|

Gluon approximated from F, agrees with gluon determined from scaling violations

(=
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Gluon meets top quark g

Directly sensitive to large-x gluon PDF
Recently computed in full NNLO QCD
* For running and pole top mass

Correlation between PDFs and Cross-Section

Tevatron CDF+DO0

Atlas 7 TeV

CMS 7 TeV

Atlas 8 TeV
CMS 8 TeV

7.65 £ 0.42 (5.5%)

~~+10 (+5.6%)
77711 (Z6.2%)

160.9 + 6.6 (4.0%)

241 + 32 (13.0%)
297 + 15 (6.7%)

: \Telv\a‘tr‘c)lr‘ll TTT ‘ T T T T T 17T || :

L e LHC 7 TeV i

- tt), g( x,Q= n

] ncamey oS

S LHC 14 TeV e ]

3] - S -

= 0.5 S —

m — —

o L ] _

o B Al

c — _

S o -

E - —

o - -

5 [ ]

O-05 Ereee, -

13 NNPDF2.3 NNLO .

- [ | | I ‘ Il Il Il I || m

10 10° 10% 107 1
Measurement total (pb)

=~
{»]

g

JR14: pole mass 173 GeV?

at /s =7 TeV

o™ = 1432723+ 24pb

ot = 1541701 £3.0pb
TeVatron

o = 7.07T0%2 +0.06 pb

o = 737702 4 0.07pb

arXiv:1403.1852v

ABM12: top data INCLUDED in fit, m, FITTED

Pole mass 1716eV3 Running mass 162GeV?

+5.6 +6.5 0.1 +6.1
143.0 —-8.8 —6.5 150.2 J—r4.6 i6.1
79 +8.7 0.1 +8.2

209.1 t12.6 t8.7 219.3 t6.6 J:8.2

arXiv:1310.3059

"*l
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arXiv:1310.3059

ABM12 meets top quark

: =3 GeV,n=3
*  ABMI12 added combined tt cross 15 B AASR
) S
sections from LHC and Tevatron to S [ rumningmas pole mass
test impact on a0 E
* gluon PDF > 5E
« strong coupling o 0
« value and scheme choice for m, 5. o Tl
ABMI12 + tt data . .
— - — —— m=~161 GeV - - —— m=171 GeV
mt(mt) — 162'3 i2'3 GeV 10 = - mt=162GeV ______ - m=172 GeV
©oror . m=163 GeV © -+ + m=1733 GeV
_ ~15
mt(p()le) = 171.2+£2.4 GeV = 1072 — ] 1072 0! ]

1o - running mass pole mass

stability of ABM analysis
provided all correlations are accounted for

S2141SU2p Uo4dod pup su

160 161 162 163 168 170 172 174
m(m,)/GeV m,(pole)/GeV

nN
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arXiv:1311.5703

Gluon meets LHC jets

* LHC jet data included directly in the framework of MSTW PDF
* highest precision inclusive jet cross sections from ATLAS and CMS

* Good agreement between ATLAS and CMS data sets
* Good agreement with reweighting method

Ratio to MSTW2008nlo

g(x) at 10000 GeV?

1.04

1.03

1.02

1.01 pawiisy

Reweighted PDF (CMS Inclusive)

I MSTWéDDE: Elrrnr [ I
NEW PDF -------

0.0001

0.001 0.01

01

For details see R. Thorne
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@AMA@

manneae  ©lUON meets prompt photons

* Prompt y data help constrain gluon

1

c — T T T T ]
o E CT10 ABIVI11 5N -
g 09  MI<137 — ug - ug =
S - —dg g E
8o T
§ 06 E
3 — —
®  05F =
5 - E
< 04 —
S - -
0.3E ~
0.2 =
0.1 =
o] — A .
2x10°  3x10? 10

El [GeV]

« At intermediate E_ - most precise
data - scale uncertainty dominant

NNLO calculations necessary to fully
exploit this measurement

* Asses data sensitivity to PDF using
HERAFitter platform

Theory/Data

Theory+shifts

pulls
o N

1
N

- ATLAS Preliminary

— % More prompt Y measurements from HERA - see O. Kuprash talk
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What's
that?!

1.4 ———m

1.2 |

1.0 |

08 L 1

104 1020 10% 01 03
X

— P More about high-x measurements from HERA - see A. Levy talk
More about disentangling quark distributions - see S. Alekhin talk

0.5

0.7

o5
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What DY can teach us?

ABMI12 included LHC Drell-Yan data
from ATLAs, CMS and LHCb

A N = N B

= = = ABM12 (no LHC)

+ LHC (1 iter.)
+ LHC (2 iter.)

arXiv:1310.3059

4 3 -2

-1
10 10 10 X

+ LHCb (W™, W)
+ LHCb (Z) ‘
+ CMS (W' /W)

+ ATLAS (W', W', Z)

* Better constraint on d-quark

* Improved determination of quark distribution at x ~ 0.1
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gQ(iv:1312.6283v2

)  What can W asymmetry teach us?

CMS, L=47fb'at\Ns=7TeV
T T T T I I T T T [ L) T T T ] T L) T T I I T T

(@) p, > 25 GeV

o
w

. W+_W_ - u'v_dru
B W+ +W- N Uy + dyy + 2Ugeq

Aw

—— Data

Charge asymmetry
5
]

NLO QCD fit
with HERAI data gp ¢

o
[\+]
|
N
N
|

A NLO FEWZ + NLO Pormr.:.
. . 015 B8R0 ~SS CT10 —
// ’\\\\: ¥ oy
using HERAFitter — Q SRR
L 5 MSTW2008
framework : | | Zinervasceses
®% 0.5 1 1.5 2
Muon Il
g CMS NLO 13 parameter fit . CMS NLO 13 parameter fit
P o' m} S sl o= mj
5w 06 0 [ HERAIDIS + CMS A, % | [ HERAIDIS +CMS A,
- HERA | DIS . EZ HERAIDIS
04l 02| Valence
l : y uncertainties
02 [ 01 = . e p-
_ : / significantly
o : 1 1 IIIIIII 1 1 IIIIIII a : -. / 1 1 IQIIIVQ!QWQI 1 % improved
= 12 F 2
et - wat | B E
LRy :
1 _ 1
0.9 E = =
2 05 F — (HERAIDIS + CMS A,)/(HERA | DIS) .
D-a 1 1 IIIIIII EE 1 IIIIIII 1 1 IIIIIII 1 11 1111 1 1 I(IIIII| 1 1 I“:IIIII .‘I\II I{IIIIIII 1 | - For‘ deTalIs see A.
107" 107 107 107" 107" 107 107 107"

X x Khukhunaishvili talk
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arXiv:1311.5703

Ratio to MSTW2008nlo

1.04

1.03

1.02

u(x) at 10000 GeV?

What can jets teach us?

NEW PDF -------
Reweighted PDF (CMS Inclusive)

1.01 |7

0.99

0.98

0.97

0.96

'MSTWéDD&' Elrrcr Exxm

mt i | " " P | i i ol
1e-05 0.0001 0.001 0.01

For details see R. Thorne talk

Ratio to MSTW2008nlo

1.04

1.03

1.02

* MSTWZ2008 fit with CMS
jet data

................................... et R e Clear indication Of f”.

sensitivity to jet data

d(x) at 10000 GeV?

' MSTWéUDé Elrror I ]
NEW PDF -------
Reweighted PDF (CMS Inclusive)

1.01 [

B R R TR ERET———

.....................

Fa¥: ] i | L " al i i | " " ol
1e-05 0.0001 0.001 0.01 0.1
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Little is known about the strange quark
distribution in the proton uszezss)

Is light-quark sea symmetric as SU(3) suggests?

Is strangeness suppressed due to s-quarks large masses?

o5
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Strange sea @ LO from HERMES %&Z

Direct measurements of strange particles can help constraining sea
* Strangeness tagging via kaons very promising
HERMES extracted strange PDF@LO using hewest K'K- multiplicities

xS(x:Q2) shape
strikingly different from
CTEQ6L and other global
LO PDFs
strikingly different from
sum of light antiquarks
absence of strength above
x ~ 0.1 discrepant with
CTEQ6L

xS(x)

DESY-13-2

B2 2w

(QH=2.5 GeV?

ty
,
oy
‘.,
'y,
’

T

4 HERMES with /D(z,Q%)dz=1.27 -

— Fit
.. CTEQ6L

. x@eHM) -
CTEQ6.5S-0 -

~. NNPDF2.1

Distribution softer than that determined by other analysis

S2141SL
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arXiv:1402.6263v1

@ Prince Charming helps strangers /{\
For details see G. Aad talk o

ATLAS
: . . Ldt=4.61" aMC@NLO
* PDFs with different strange see assumptions s =7 TeV
Wc-jet - " CT10
* Differential W and Z cross sections at LHC 4 MSTW2008
. . 2 A 2 ki ¥ NNPDF2.3
constraints on strange sea at Q*~ M?,,, . !  HERAPDE1 5
—0.80=0.03 £0.02 | O ATLAS-epWZ12
° ATLAS-ZPWZIZ PDF based on ATLAS W Stat L, . NNPDF2.3c0l
. [ Stat+syst '
and Z cross-section + HERAI data AN .
0.4 0.6 0.8 1 1 2 1 4
o0 SS(WT-jet)/a0S SS(W c-jet)
* W + charm measurements e
A 1_45_ ATLAS Q*=m?,
. W i wt N HERAPDF1.5 + ATLAS Wc-jet/WD™ data
> AVAVAVAVAVAV. > AVAVAVAVAVAV: o T F B ATLAS-epWZI12
_ 1 125 s HERAPDF1.5
yC yC — 1.1
N R 1 ------------------------------------------------------------------------
g c pn 5 0.9
0.8
0.7
0.6
SU(3)—symme’r!~|c light-quark sea 05 F—————— L ——— =
hypothesis supported X

I
rs = 0.5(s+3)/d = 0.96 7918 "0 5,
|



arXiv:1312.6283v2

@s|  Prince Charming helps strangers

For details see R. Placakyte
and A. Khukhunaishvili talks

‘@ HERA | DIS + CMS W production
* 3 Q*=m;
. i —  CMS NLO free-s fit
NLO QCD fit . [ B exp. unc.
with HERAT data ‘ - :ac::::al::‘i;tian unc.
And CMS A, 7“ s
using HERAFitter Bl D
framework z
o T s
) Jo x [8(x,Q%) +s(x,Q%)]dx e
KS(Q ) — 1 __ 2 —_ 2 n];m
fo X _u(x’Q )—I_d(x’Q )} dx l]11::“"‘| ....1.0_3. .....1.0_2. m”1ln" | 1
X

0.52+8:% (exp.)fgzgg (model)fgﬁg parametrization)

Good agreement with NOMAD [Nucl.Phys. B876 (2013) 339, ks =0.59 + 0.019]
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Yet another one
- please meet photon PDF

PHOTON it

R His eyes red from

traveling so fast, the
PHOTON is a quanta
of vis ight, a

(' e,
rave it the speed
of light (duh). With a
mass and electric

x L'hill'!_fl' of zero, it also
. carries microwaves,
radio waves and x-rays,

Aerylic felt with poly

fill for minimum
e, JUE,
INass,

{1335,
€000000000000 $10.49 .conmmne
LIGHT HEAVY

PHOTON

SPARTICLEZ 0

Precision of LHC data requires inclusion of higher order
electroweak effects
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PDFsetQED

* Two existing photon PDF sets with o Photon PDF comparison at 10* GeV*

QED corrections included N " —— MRST20040ED ]
0.14 SAGC N LSRR N\ e NNPDF2 3QED average —
* MRST2008QED 0120 N YD replicas E
+ new NNPDF2.3QED o S
arXiv:1308.0598 “g_ﬂ.uag— E
* Photon PDF determined by DIS iﬁgjg_ E

and Drell-Yan LHC data 02023_ ...........

* Good agreement with ot NNLO

MRST2004QED result for x>0.3 | F . . o i ]
107 107 10° . 1 02 10 1

— P More about QED effect in PDFs - see €. Schmidt talk

* Another approach to be implemented info HERAFitter and used for QED fits
of LHC data: arXiv:1401.1133 (R. Sadykov)
* QED-modified evolution equations are implemented into B version of

release of QCDNUM program

* APPLGRID interface to SANC MC generator created for fast evaluation
of LO photon-induced cross-sections
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Summary

Our knowledge of parton distributions in proton is growing
* More precise measurements require more precise PDFs

We entered PDF-LHC era

* From predicting LHC measurements we use them in PDF determination

* Still long way to full and precise understanding of proton

.. still so much to learn

My personal thanks to my PDF teachers (in general and for this talk)
A. Cooper-Sarkar, P. Jimenez-Delgado, R. Placakyte, V. Radescu, S-O. Moch, J. Rojo, P. Nadolsky, R. Thorne
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@ K. Klimek, 28.04.14, Structure functions and parton densities

Additional material



New dynamical and standard JR14 PDFs
Improved calculations

JR14 dynamical & standard

nonperturbative higher-twist terms

nuclear corrections,target mass corrections

running mass in DIS charm & beauty

production

complete treatment of syst. uncertainties of
data including experimental correlations

More/updated data included
HERAT inclusive & charm, H1 F,

HERA jets (not for NNLO)

t4 " dynJR14 —
“,/ y 1 dynJRO9 ------

1.2 - < MSTWO8 -

ABMI11

1.0

0.8

0.6

10

* No Tevatron gauge bosons & LHC data
included to get genuine predictions

dan\LO ——
dynNNLO = .2 < |y| < 1.6 |
l dynNNLO* .

E
| HI'H' R
0.95 [ T{ '[ ]

50 100 150 200 250 300

[—
-
N

data/theory

<pr> (GeV)
1.05 — L
. ATLAS
CMS
| dynJR14 3
_ dynJR09 = |
= L MSTWOS8 7007
) . ABMI1
~ - stdJR14 5505
2 095 :
m L
X
L
09 - .
0.85 _\ e e e e e e e e b
9 9.5 10 10.5 11

(o x BR)Wi (nb)
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& Comparison with HERAT combination

* Significant reduction of systematic uncertainties
* Significant increase of statistics

NCe'p: 3 times HERAI luminosity

H1 and ZEUS preliminary
o 16
< x=0002 o HERA NC e'p (prel.) 0.5 fb™
»
b R e {  Vs=318Gev
z : # = HERAI
8 ; X
%
s s
L t‘ ti x=0.008
. % .
]
® &
v
05 & F§ .
® * ';
os - _® B . -N"'ﬁtg ;o x=0.032
. (1 % "
!J:ﬁm kgm Bl g0y b efEVE B ’
M x=0.08
#5209 annen ,
NS
02 8
y $ x=02s
0 : ] - 1
1 10 10° 10° 10° ) 10;
Q°/GeV

o7 ne(®Q%)

08 |

0.6 |

04

02

NCep: 10 times HERAL luminosity

H1 and ZEUS preliminary

e HERA NC e (prel.) 0.4 fb™
Vs =318 GeV
® HERAI

MkL o
o

I +

h*f?%£ }F

x=0.032

s x=0.08

'
-‘nh:;'w#ﬁ ? F e
E&‘?#?Lt?# . +§ # F
10° 10° szGeVZ

Large gain in precision
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!ZEUS

ccxQ%

r,

8]

New kinematic ranges explored

Kinematic range extended for
existing data samples

05

04

02 -

2
0:; Nc(xs )

H1 and ZEUS preliminary
]Qz =300 GeV? Q! =500 GeV* - Q?=1000 GeV? Q? =1500 GeV*
' rh *
!5y ", LI
r 'F ; s ‘..
Q? =2000 GeV? Q? = 3000 GeV* Q? =5000 GeV* Q? =8000 GeV*
: , -
p * .
1 L 1 1 1 1 bt 1 1 [ W
- Q*=15000 GeV: | Q®=30000Gev: | 102 107! 102 10" x

e HERA CC ¢ p (prel.) 0.4 fb!
Vs = 318 GeV

= HERAI

15|

0.5

151

0.5

L5

0.5

* Low energies added: CME = 225
GeV and 251 GeV

H1 and ZEUS preliminary
Q* =12 GeV? Q=15 GeV?
jﬂé J|“ ﬂ’ws €3
T T 1% g
X by
|
Q% =25 GeV? _ Q? =35 GeV?
#s it
I\ : . o ?
Q* =60 GeV* . "
a2 ® HERA NC e'p (prel.) 43 pb’
h% %4 Vs = 225 GeV
L O ZEUS
] o HI

S$2111SU2p U0LJDd PUD SUOILOUNS 2UNLONULS T H0'82 MW

N
o



xg(x)
xXu,(X)
xd,(x)
xU(x)
xD(x)

HERAPDF2.0 (prel.)

AgxPo(1 = x)% — AL xPo(1 — x)%,

Ay, xP0 (1 = )% (14 Dy x + E, 1),
Ag,x"e(1 = x),

AgxPr(1 — x)“? (1 + Dgx),
Apx®p(1 — x)°2,
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HERAPDF2.0 (prel.) @ NLO

H1 and ZEUS preliminary
2_ 2 - 2= ; 2T 2= 2T 2= 2 .

n Q=2 GeV __i Q=27 GeV ] Q’=3.5GeV ] Q*=4.5 GeV « NLO fl‘|' for' szin - 35 Ge\?

L f".," L .'-.... L L
0 x2/dof = 1386/1130

Q’=65GeV: | Q*=85Gev: | 0Q'=10Gev’ | Q’=12GeV’
1 i i -
i i i * Additional fit performed
0 Q*=15 GeV? - Q=18 GeV? - Q% =22 GeV* - Q2 =27 GeV? WiTh szin =10 GCVZ
1 I i -
: l y2/dof = 1156/1003

0 Q*=35GeV? | Q'=45GeV: | Q'=60GeV: |  Q'=70GeV’
] Situation somewhat improved
or Q% =90 GeV* - Q* = 120 GeV* 10* 10" 10° 10! ¢ Similal“ f‘eSLIH'S fOf‘ NNLO

i I ® HERANC e'p (prel) 05fb" X
1 ~ — Vs =318 GeV

. - === HERAPDF2.0 (prel.)
) NLO, Q.. =35 GeV’

10° 10" 10* 10"
X

Reasonable description of NC, CC and low energy data for NLO and NNLO
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* High-Q? region well described for NCep and CCep and low energy data

HERAPDF2.0 (prel.) @ NNLO

for NLO and NNLO

H1 and ZEUS preliminary
cﬁa (%, Q=90GeV? | S Q*=120GeV: | = Q=150 GeV?
« 1 | - —
U - - -
1 E’- 0 ﬂ 1 IIIIIII| 1 IIIIIIII 1 II'N.III] 1 IIIIII| 1 IIIIIIII L1l Ilﬁ 1 IIIIIII| 1 IIIIIIII Ll Jull | IIIIIII| 1 IIIIIIII L1l Al
o} | Q'=250GeV: | Q'=300GeV' | Q'=400GeV: |  Q'=500GeV’
1 - | e frm
0 f 1 IIIIIII| 1 IIIIIIII 111 L 1 IIIIII| 1 IIIIIIII 111 f 1 IIIIIII| 1 IIIIIIII 111 i 1 IIIIIII| 1 IIIIIIII 111
| Q'=650Gev: | Q'=800GeV: | Q'=1000GeV: |  Q%=1200GeV®
1 | | | [
0 M 1 I||IIII| 1 II|IIII| L1l I 1 Illlllm 1 |IIIII|| 1 IIII|II| L1l i 1 I|II|II| 1 II||III| L1l
| Q'=1500GeV: | Q'=2000GeV: | Q'=3000GeV: |  Q=5000GeV’
1r n : n n
0 _ L |||I|II| 1 IIIIIIII Ll i I| L |I|||||| L1l f L |||I|||| 1 IIIHIII\\A_ L II| Ll II L
T Q'=8000GeV' | Q'=12000GeV’ [ Q*=20000GeV’ [ Q%=30000GeV?
1 - - -
0 Mool il Nl Lo o Sell il vl o Sll Lol
05 |- Q'=50000 GeV? 107 107 107 10" 107 10"
- e HERA NC ep (prel.) 0.4 fb!
05 = Vs = 318 GeV
0 NSRRI BTSN M ||§w === HERAFPDF2.0 {mL) NL'O, Q:aiu= 35 GeVz
3 2 -1
0° 107 10

0.5

0.5

IIII|IIII|I

~
=
3
%
H1 and ZEUS preliminary
Q=150 GeV? Q% =200 GeV? Q* =250 GeV*

.
?

T

1|r||l1|r||

T T 71

IIII|IIII]IIII|

Q% =300 GeV?

Q% =400 GeV?

Q* =500 GeV*

T

1|r|||l|l]||1|[

2 1

B Q" =650 GeV B Q" =800 GeV X
B B ® HERA NC ¢*p (prel.) 43 pb!
i N Vs =225 GeV
B B = HERAPDF2.0 (prel.)
- " NLO, Q2 =35 GeV’
B B T
- - t
B 1 1 IIIIII| 1 IIIIIIl| 11 1 I_ 1 IIIIIII| 11 IIIIII| L1 | WLl
2 -1 -2 -1
10 10 10 10
X
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xf

HERAPDF1.5LO (prel.)

Parton densities @LO are essential for proper simulation of parton showers and
underlying event properties in LO+PS Monte Carlo event generators

Sep 2013

HERAPDF Structure Functions Working Group

HERAPDF1.5 LO set based on HERAPDF1.5 NLO PDF settings
Includes experimental uncertainties
Available in LHAPDF library
For details see M. Cooper-Sarkar talk
H1 and ZEUS HERA I+II Combined PDF Fit HI1 and ZEUS
v '“8 [ Q@' =2GeV? | Q@'=27GeV' | Q'=35GeV' [ Q'=45GeV’
Q’ =10000 GeV* R -
—  HERAPDFLS5LO (prel) I i
0.8 - © i .
B exp. uncert. Q'=85Gev’ | Q'=10Gev’ [ Q'=12GeV
| xS (x0.05) ' N N
0.6 0 cdal ool ol ol ol ol ol o ol ol o ol o)
Q' =18 GeV’ r Q =22 GeV’ C Q=27 GeV?
' g
0.4 0 - i
i -
0.2 . i
i Q' =90 GeV* I Q' =120 GeV* 10° 107" 10° 10'1X
1 L C e HERA I+IINC e'p (prel)
i N b i i === HERAPDF1.51L.O
10-4 1 0 - 3 1 - 3 1
10 10 107 10°
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NNPDF3.0

Slide from J. Rojo

?OQ [Experiment | Dafasst [ DOF
| NMC | a6

e NNPDF updates
\N&"‘ L e 2
| SLAC T4

o - e SLACP a7
# Next release will be NNPDEF3.0, based on a complete rewriting of the SLACD | 3

- & BCDMS aR1

NNPDFEF framework in C++ (more than 70K lines of code) BeDMSP 333
BCDMSD 245

CHORUS 862

CHORUSHU 431

CHORUSNE. 31

NTVDMN T

NTVNUDMN 41

NTVNEDMN 48

HERA1AV e s

. N M HERA1NCEP 379

For details see M. Ubiali talk

HERA1CCEP 34

HERA1CCEM 34

r ZEUSHERA2 252

Z0OGNC an

ZOECC ar

ZEUSHERAZNCP 40

ZEUSHERAZCCP 35

H1HERA2 35

H1HERAZNCEM 139

. : i H1HERAZNCEFP 138

& More than 1000 new data points from HERA-II and the LHC, including ST o
jet cross-sections, W+charm production, top quark data, low and high mass | g g o
= HERAF2CHARM | a7

Drell-Yan, W lepton asymmetries..... T e

5 DYES86R 15

DYES86P 184

xg(x,Q%) DYEGOS i

A i 11 s A1 B A - g “CDF 105

= ¢ Completely redesigned fitting coFzRIP 20

- methodology based on closure 1 CED L

- NNPDF2.3 1 tests with known underlying Jcz =

| 3 : DORZCON 110

=  physical laws (S. Forte, PDFALHC, A =

2 ATLASWZRAPZEPE 30

‘{ = 12/2014) j RTLASROA JETS36PE | 10

}Q 3 i Sub tiallv i d C . | ATLASRO4JETS2PTETEV | 50

= & tan 2

_: d i ? 1 y_]mpmve CHMSWEASYS40FB 11

|  Genetic Algorithms CHSWHASYATFB .

7 s s . & . . CMSJETS11 it

= minimization with new Weight CSHCHARMNTUT 5

. .. CMSWCHARMRAT 0

) | Penalty method for fitting CUSDY2DLL i

-1 — X : . . . LHCB 19

2‘_ & = (iterative Bayesian regularization) | LECBHAGER 10

- RN —] | LHCBZ340FE 9
20 10° 10 10° 102 10" 1 Total (exps) TZT1

SMatLHCI4,
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t&4Z PDF determination @ HERMES ~“ ~: .

—

[ T C g
O -
i

* Strange contribution to sea cannot be constrain by inclusive data

* Direct measurements of strange particles can help constraining sea .o
* Strangeness tagging via kaons very promising ‘g

* Extract strange quark distribution g 015 %
s B

(2008),) < o1 f 1w

* Newest K*K- multiplicities on b : 112
deuteron used: PR D87, 074029 (2013) | %9 | _ 1|2

- e~ Strangesea | | ©

of == T e

0.0I2 IIIIII I0.1 | T I0.6 g".

d2NK (x) | @

- _ K 55 s

s(x) + 3(x) |S&) [ Dg(2)dz~ Q (x) [5 ENDB () [ Dy (2 dz} 3
J ©

@)

Q.

o

* Assume S(x,Q?) O at high x — extract non-strange fragmentation| @
. (_“.

Strange fragmentation measured before o oyqnact xS(x)

(PR D75,114010 (2007)) 46
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