HERAPDF2.0 approach to ATHENA data
\ ﬂ.ﬁ‘ ":-..-r :r_- : . /;- A ety :

Studying impact of ATHENA data on parton distributions
in proton using HERAPDF2.0 framework
Update
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ATHENA data — from yellow report & HERAPDF2

* ATHENA pseudo-data used in fits:
1) Get prediction from HERAPDF2.0 NLO in ATHENA x-Q? grid

2) Smear with uncorrelated uncertainties point-by-point

3) Smear with correlated systematic uncertainty each sample (same factor
for each sample)

* ATHENA uncertainties used in 12—
. . B ~C ep — e X (NC) beams: 18x275
fits, files from Barak: S
 Statistical [ o

0.8 =«
 Total uncorrelated ol
* Total correlated -
. D L di 0.4
Bins & uncertainties according to o EIC ATHENA kk Data GP < 5.15
EIC yellow report, optimistic & -t o uncorrelated
= ota
pessimistic options Q;---Thgory+shiﬂs ~ ATHENA NC+CC
* Pessimistic scenario — less bins + 0.001 0.01 0.1

higher uncertainties

0.2
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1 fb? HERA data - exclusively! - used as input
to global QCD fit HERAPDF2.0

* Parton densities parametrised @ Q2 = 1.9 GeV?

xf (x)=Ax"(1—x) (1+Dx+ Ex?)

xg(x),xuv(x),xdv(x),x(_/(x),xD(x)

* Evolution using DGLAP equations
* 14 parameters determined in paramerisation scan

* Heavy quarks from Roberts-Thorne Variable Flavor Number Scheme

¥ QCD fits performed using HERAFitter package HFRA /L-/n‘ef'

www.herafitter.org
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http://www.herafitter.org/

&

Analysis presented here is done @ NLO
— can be easily repeated @ NNLO

Analysis presented here includes experimental
uncertainties only
— total uncertainty can be easily included
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ATHENA x-Q? grids
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optimistic
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ratio

ratio
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EIC yellow report style figures
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Generally drop of ratio for pessimistic scenario - try to asses by how much
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Ratio of d:“(e™)/bre1 _for pessimistic/optimistic
Tolasses how much we loose for pessimistic scenario
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| * We loose ~15-20% of ?3;
0s | relative impact on proton | =
PDFs when pessimistic %
= scenario assumed 3
- * Seems worse for high-x §
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Pessimistic scenario - what matters for PDFs?
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA

?

- what matters for PDFs

IC scehario
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Pessimistic scenario - what matters for PDFs?

ratio
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Pessimistic scenario - what matters for PDFs?

ratio

ratio
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Pessimistic scenario - what matters for PDFs?

pess errors gluon
opt

02 |

1
Bl pess bins
i
|

107 1072 10"

* Bins cut-out mostly for high x:y >~ 0.02
— still many large-x bins left — impact on uncertainties not large
— y cut much better than direct x cut

* Larger uncertainties affect all bins — larger effect expected and
seen

e Concentrate on uncertainties?
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Nuclear PDFs

* Last week discussed with Paul and Nestor plans for estimating impact
of ATHENA data on nuclear PDFs

— global nPDF fits at this stage not really feasible

* However uncertainties on nuclear PDFs can be obtained from proton
PDF uncertainties via nuclear modification factor
— done this way for LheC by Nestor - he has his code

* Proposal to repeat this for ATHENA
* Define nuclear PDF bins and uncertainties

* Use ATHENA data only - no "HERA data" for nuclear PDFs (limited
amount of nuclear data in any case)

* ATHENA-only fits of proton PDF with nPDFs bins&uncertainties to get
uncertainties (not central values!)

* Nestor transforms it to nPDF uncertainties (not central values)

* First step - check ATHENA-only fits with proton bins&uncertainties
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Reminder: HERA & ATHENA phase-space
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA
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EIC-only optimistic/pessimistic: low- & mid-x
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EIC-only optimistic/pessimistic: low- & mid-x

dxU/xU
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Low- and mid-x:
ATHENA-only
proton PDF fits
much worse than
HER-only
Pessimistic option
makes it even
worse
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EIC-only optimistic/pessimistic: high x
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EIC-only optimistic/pessimistic: high x

® | Q%=1.9 GeV? E: Q= 1.9 GeV?
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EIC-only: tentative conclusions

* Proton EIC-only fits give us access to estimation of uncertainties for
huclear PDFs
— stable fits using present bins/uncertainties of ep measurements
— good uncertainties for highest x, also for pessimistic scenario
— uncertainties worse than HERAPDF2.0 fits for low- & mid-x,
pessimistic not crucial

— for x~0.1 getting optimistic version seems very important

* Technically ready - checked with Nestor about formats etc
* Needed now nuclear PDF bins and uncertainties (estimations)

 Can be done fast

o5

VNIHLY 404 S414 2]Aks-24QdVAIH 1260 €T "UUDWYIIM




o

K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA
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2 =+

d 2o
Neutral Current INC _ £T V.o Y_xFs — yPFL|

adxdQ@?

Proton structure functions:

* Sensitive to quarks
* Sensitive to valence distributions:

* Sensitive to gluon

xQ4

Fo=x)_ efla(x) +3(x)]
xFs = x ) _ 26qa[q(x) — G(x)]

F ~a.xg

L

* Gluon also from scaling violation and charm+jet data

Charge Current:
flavor decomposition

oop ~ X[u+ ¢l + x(1 — y)?[d + 5]

ot~ x[U+ €]+ x(1 — y)?[d + ]
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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): e e

|
% iterative

N . . 2 _ e fixed errofs .-"f
(p) = Z data(z) — theory(z, p) /
| — error(%) /
Position of minimum gives the value L\ /;'
A

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.

o111 0.112 0.113 0.114 0.115 0.116 0.117 0.118

J I gl I'\’IZ}
L - h
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HERAPDF2.0 parameterisation

xg(x) = [A 4% - 0% - A xP(1 - 0)%,

X, (X) Auva“v(l — x)Cw (1 + Euvxz) ;
xd,(x) AglxB (1 = x),
xU(x) = AgxPo(1 —x)? (1 + Dgx),

xD(x) = |ApxPo(1 — x)°>.

x5 = fuxD at y;

A_ubar = A_dbar
B _ubar = B_dbar

Parameters A_uv and A_dv are determined using quark counting rules and A_g using
momentum sum rule

xU = xii and xD = xd + x5
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Model parameters for HERAPDF2.0

Variation

Standard Value

Q2. [GeV?]

3.5 <-—

M, (NLO) [GeV] 1 47
M, [GeV] 45
Is 04 <-—1F
(M) 0.118
u; [GeV] 19 <L

* Lowest Q? of data

points included in fit

* Masses of cand b

quarks

Strange fraction

Starting scale
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Data in HERAPDF?2 fit
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® Tnclusive DIS, for Ep=575
GeV and Ep: 460 GeV data
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Various data in other PDF sets

DGLAP

1 -
° | evolution HERA Fixed target

10 E | |
L ]llfllld 1 lllllld I| Ijj.llld | J.lluld L lltlllll | lllllu

10 10 10 10™ 10 107 10" 10°
sea X valence
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PDFs with HERA and ATHENA data

ST [ o*=19GeV? S o5 Q°=1.9GeV’
_s_;; - 44 HERAPDF2.0 NLO % - 44 HERAPDF2.0 NLO
" 3 ATHENA NC+CC optimistic [ N\ ATHENA NC+CC optimistic
X 0.8 |\ ATHENA pessimistic * 0.4 HtATHENA pessimistic * Shown PDFs for
N 0.3 « HERAPDF2.0 NLO
N 0.2f
; | - ATHENA NC+CC
- 0.1
o o\ e\ - Optimistic
104 10°° 102 10" 1 10 10° 102 10" 1
X X
- Pessimistic
S Q?=1.9 GeV? G b O'=19GeV’
X 3.5F 4% HERAPDF2.0 NLO % "% 22 HERAPDF2.0 NLO ..
S | NN ATHENA NC+CC optimistic % 165 S\ ATHENA NC+CC optimistic - PDF very s imilar
3 H+ ATHENA pessimistic - +H ATHENA pessimistic

* Uncertainties very
interesting — let's
have a look

T Y oF ...

i |
102

m | NIRRT
1072 10" 1

107" 1 107 107
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA

-«

some improvement for low & middle x

tainties

Relative uncer

d decrease of uncertainties for low x

and rapi

istic
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@ K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA

. quarks
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High-x region better visible: quarks

e Q% = 10 GeV? S Q%= 10 GeV?
3 4<HERAPDF2.0NLO | s | 44 HERAPDF2.0 NLO
< | 3 ATHENA NC+CC optinfistic © Jgl & ATHENA NC+CC optimgitic
N H+ ATHENA pessimisti H+ ATHENA pessimisti /
1.05}- !
8 ! |
R 7777 L MK 7
1R TR LRI KRB MK 12 TR K o
R 0 SaiSII s T
- s
0.95 -
- 0.5
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IlllIllllllIII|lIIIIIIIIIIIIIIIIIIIIIII'\IIIIIII
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X X
= 3F Q’ = 10 GeV? S f Q%= 10 GeV?
2 T 4« HERAPDF2.0 NLO S [ 42 HERAPDF2.0 NLO
© T &> ATHENA NC+CC optimiétic S &3 ATHENA NC+CC optimjétic
i H+ ATHENA pessimistic [ H+ ATHENA pessimisti /
2l i ,
I 2
I 7Z -
TR i
1 AN T
- ."’ — [
[ of-
o I
_1'F

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X X
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Impact of separate data samples

—> simi
g 12 Q%= 10 GeV? g
> | 44 HERAPDF2.0 NLO =
0 & NC 18x275 X
H+ NC 10x100
%, = NC 5x100
1SR, — NC 5x41
13 AR
0.9
1111 llllII IIIIlI
10 10°° 1072 107 o1
g1-15¢ Q? =10 GeV? ]
> 44 HERAPDF2.0 NLO 3
x r & NC 18x275 X
1.4 H+ NC 10x100
- = NC 5x100
~— NC 5x41
- - CC 18x275
1.05
0.95[

«EENINNERI FEENIARENI RRRRI SRRNE RRRTE FRRRE ARy TR RN

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X

Q? =10 GeV?
“4HERAPDF2.0 NLO
S NC 18x275
H4 NC 10x100
= NC 5x100
-~ NC 5x41

1.4

s
1.2pXR

0.8

Q2% = 10 GeV?
44 HERAPDF2.0 NLO
QY NC 18x275
H+ NC 10x100
= NC 5x100
~— NC 5x41
—~- CC 18x275

1.5

'RETE ENERE ENENI ARRNE FERNE RN FRNTE FEETE SRR JEEE

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
X

ar trends observed for sea quarks

Low & middle x

* NC 18x275 sample

seems to have
largest impact on
valence quarks low-x
uncertainties

— see hext slide for
explanation

High x
Similar impact of
various beam samples
— they all cover
phase-space “empty”
at HERA
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Impact at low & middle x

3 127 Q% = 10 GeV?
% 44 HERAPDF2.0 NLO
20 & NC 18x275

i H+ NC 10x100
2o 8 = NC 5x100

r
1. 152868, — NC 5x41 |
P I71 2SSO _ A
v A Vs [/
:;::;I‘t"’ Y cc 1SXZT5 "
TAAr e 4dr.pv ~ ”
Na-CLV.F &
Ay ol AT
LA RIA NN ’
hid¥ ) h'd"h
KA X P K
LA AN
I 3 Da 2
.

X o ).0.‘ 0K | 0.1

(A AN AN T

b‘db.‘ NI R 'JVA'
V‘.‘P;'."V"AV""A

'd NN A VIA Y i

P§. ”’-VAV‘A"'/

107 1073 1072 10" 1

/ 2
o
w
IIIIII|

1 04 = 1 1 1 LI | T T 1 LI I 1 1 1 LI T 1 LI B O =
- A ]
— 5x41 Optimistic A A
[— A A A A
5x100 Optimistic A a4 a4 a2 I
A A A A X I3
¥ 10x100 Optimistic A A A A X « 94
A A A A X X X . &
— 18x275 Optimistic A A A A I @ @ X &
N A A A A X X X X X X_
10° E A A A a4 I 9@ 9 X X X I
- A A A A Y @ @ ¥ O & & o
— A 4 4 Y @ @ @& & & X &« ]
— A A A A ) ¢ X X X X X X X X W

A A A A I @ 9 ¥ X ¥ X X X & @
10 = A A 4 4 Y @ @ ¥ & X X X X & & 7
- A A 4 4 Y ¥ @ ¥ ¥ X X X & & & o7
= A 4 A 4 I @ 9@ @ 4 4 X X4 X & & @& _
= A A A A I @ @ O I 4 X X X & & & —

A A A A X O 9 ¥ X X I X X & & @

TE. 4 4 1 @ @ @« 2 @ @ 0 a o o & =
C. 4 I ¥ ¥ @ X X X X X & & & 7

10—1 1 1 1 L L L1l | L L 1 Ll 1 1.1 I 1 1 1 Ll L Ll | L 1 Ll 1 1.1
107 107 107 107 1

X

* NC 18x275 data add huge amount of statistics at low & middle x not
present for other energies — effect on this kinematic region more

significant
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ratio

Impact of CC

“n Oop ™ x[u+c]+ x(1 — y)2[a + S]

o
o, .
''''
. .
---------

0 L NC + CC dbar
: NC only
[I - |-2 1 1 |-1
10 10 10
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K. Wichmann, 13.09.21, HERAPDF2-style fits for ATHENA

?

- what matters for PDFs
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?

- what matters for PDFs
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"‘-.I AN AL ERE ’.‘.
LS, 0 P O S A N D RN, Y
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0.1 0.

= o
=) =]
1
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* At high x and low Q? bins are cut out

d

Increase

lar impact on valence quarks from cut-out bins and

uncertainties

— Simi



Brief summary / Outlook

Impact of ATHENA data on PDF precision can be studied in a clean
way using HERAPDF2.0 approach

Preliminary studies using EIC yellow report numbers show clear huge
improvement of PDF uncertainties at high x and also at low&mid x

This kind of studies can be repeated with various assumptions on data
and uncertainties
* Also at NNLO and with full uncertainties

I would be really happy to hear your suggestions/advice what to
study, where to look, how to approach different issues
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Pessimistic option - what matters for PDFs?

5xU/xU

1.02

0.96

- Q% = 1.9 GeV?
E 44 pess-all
1.04

B == optimistic

¢ pess-bins
H4+ pess-errors

0.1 02 0.3 04 0.5 0.6 0.7 0.8 0.9
X

axUx0

Q% = 1.9 GeV?
£ pess-all
=2 pess-bins
H+ pess-errors
== optimistic

PPN PPN LAPOR NP PUPMION (DU L SNUNEN IS (NP P
01 02 0.3 04 05 0.6 0.7 0.8 0.9

X

dxD/xD

5xD/xD

1.4

1.2

0.8

0.6

Q°=1.9 GeV?
44 pess-all
o9 pess-bins
HH+ pess-errors
== optimistic

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
X

LI SR T RN

Q*=1.9 GeV?
A4 pess-all
o2 pess-bins
H+ pess-errors
== optimistic

e -
R VR
FE ) B

At high x and low Q?
bins are cut out in
pessimistic version
— similar impact on
quarks from cut-out
bins and increased
uncertainties

— no impact of cut-out
bins on anti-quarks
Quite surprising, I need
to understand this
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Cumulative impact - high x

o5

= NC 18x275+10x100+5x/048

y

= NC 18x275+10x100+5x700
- NC all

31151 Q% = 10 GeV? g [ Q* = 10 GeV?
> 44 HERAPDF2.0 NLO > | 44 HERAPDF2.0 NLO
b [ > NC 18x275 x i SO NC 18x275

1.1~ H+ NC 18x275+10x100 H+ NC 18x275+10x100

1.05

s\
i\

i -

O

PN AL IR N R

hae
.
he)

1 W » \

7 S P PG VRN
RANPELNAN g
LTeer
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Color decomposition of uncertainties

H1 and ZEUS

u? =10 GeV?

05| —— HERAPDEZONLO ¥ Experimental uncertainties:
- I experimental

[ ] model

S xXu
[ parameterisation b

- Hessian method
- Conventional Ay~ =1=>68% CL

HERAPDF2.0AG NLO

o5

Variation Standard Value | Lower Limit | Upper Limit
0% [GeV?] 35 25 5.0
0 [GeV?] HiQ2 10.0 75 12.5
M,(NLO) [GeV] 1.47 141 1.53
M, (NNLO) [GeV] 1.43 1.37 1.49
L o M, [GeV] 45 425 475
¥ Parametrisation uncertainties = = x
- largest deviation 15, [GeV] 1.9 1.6 22

W Modz] uncertaintizs

Adding D and E parameters to each PDF

- all variations added in quadrature
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