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Overview
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Modern PDFs

e State of art in modern PDFs determination
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Modern PDFs

* Current status:

>

>

LHC data from Run-l is an important input in PDF Fits.

Drell-Yan Neutral Current data is included in the Fits in the form of double differential
distribution in the final state invariant mass and rapidity.

Charged Current (CC) data in the form of a lepton charge asymmetry is traditionally used

for the determination of d/u quark PDF ratio.

Correlations between Zand W cross sections are used to extract information on the

strange quark content.

Recently Neutral Current triple differential distributions (invariant mass, rapidity and angle)
have been released by ATLAS. ATLAS collaboration, JHEP 12, 059 (2017)

PDF collaborations are indeed considering the effect of their inclusion in PDF Fits.
C. Willis, R. Brock, D. Hayden, T.J. Hou, J. Isaacson, C. Schmidt, C.P. Yuan,
Phys. Rev. D 99, 054004 (2019)

e Our proposal:

>

>

>

Measurements of the Forward-Backward Asymmetry in the di-lepton Final state will benefit
future PDF Fits.

We can exploit data in the invariant mass region around the Zpeak as well as in the off-
shell region.

The AFB features a remarkable reduction of systematic uncertainties.
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Drell-Yan lepton pair production

* Drell-Yan lepton pair production

> Cross section and Forward-Backward Asymmetry (AFB)

> Properties of AFB

- PDF and statistical uncertainty at the LHC Run-Il and beyond
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Setup of Drell-Yan calculations

The focus is on the Drell-Yan Neutral
Current (DY NC) process: pp = L4

In particular we consider the di-electron final state because of
its good experimental resolution (~ 1% of the invariant mass).

CMS collaboration, JHEP 04, 025 (2015)

The Following results have been obtained with an
independent code implementing a LO matrix element.

For the estimation of the expected number of events, and
the related statistical uncertainty, we include NNLO QCD
correction (residual scale uncertainty ~ few %) in the form

of a mass dependent K-factor.
R. Hamberg, W.L. van Neerven and T. Matsuura, Nucl. Phys. B359, 343 (1991)

R. V. Harlander and W. B. Kilgore, Phys. Rev. Lett. 88, 201801 (2002)

: 2o :
Corrections from NLO EW are ~ 3.5% (not included here) ATLAS collaboration. JHEP 12. 059 {2017)

Experimental acceptance and efficiency of the

electron channel are taken for the CMS detector. CMS collaboration. JHEP 04, 025 (2015)

Following results available in:

E. Accomando, J. Fiaschi, F. Hautmann, S. Moretti, E. Accomando, J. Fiaschi, F. Hautmann, S. Moretti,
Phys. Rev. D 98, 013003 (2018), arXiv:1712.06318 Eur. Phys. J C (2018) 78: 663, arXiv:1805.09239
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Cross section measurements
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PDF uncertainties have been obtained following the prescription adopted
within each PDF set (replicas, Hessian eigenvectors).
The high invariant mass region is dominated by statistical uncertainties.
In the low invariant mass region around the Zpeak, we can exploit
the high statistics to perform very precise measurements.
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Cross section measurements
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The Forward-Backward Asymmetry

1 do 0 do —
0F=f0 dcos@dcose , OB:f_ldcosedCOSG A L OF OB
The angle @is defined in the partonic center of mass. FB OF + OB

The direction of the incoming quark is defined by the boost of the di-lepton system.

At the LHC we can observe the reconstructed AFB®

It carries a complementary angular information (with respect to the cross section)
and it is sensitive to different combination of the Fermions chiral couplings:

2

Z ; M;| = % ; [P P;| [[(1 + coi2 H)Og’]} +[2 COS HCZJH

spin,pol >
Cross section term AFB term

C:év’j = ((Iv,éavj -+ aAiaAj)L(avian -+ (IA?:(I,AJ.)Q

Ciij — (CL%CLAj + CLA?:CLVJ.)L(CLVZ.CLAJ. —+ CLA?:CLVJ.)Q
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*

AFB  measurements
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The ratio of cross sections in the definition of the AFB
leads to a partial cancellation of systematic uncertainties.

Note: traditionally the AFB in hadron-hadron collision has been used for the determination of
the weak mixing angle 8 however the precision of measurements obtained at LEP exceeds by

one order of magnitude the ones from the LHC. In this respect a combined analysis for the
determination of both PDFs and 6, would be recommended, or alternatively the independent

and more precise value of 6 obtained from LEP can be employed as input.

The high invariant mass region is affected by large statistical uncertainties.

Again we can exploit the invariant mass region around
the Zpeak to perform very precise measurements.
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AFB  measurements

*
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Run-I legacy

Double differential (invariant mass and rapidity) DY data from
the LHC Run at 7 TeV and 8 TeV are an important input in the Fit.

Comparing statistical and PDF error:

PDF error band includes the effect of factorization
scale variation ( 0.5M, < u_<2M, )

20 . _
LHC@8TeV 0.015} LHC@8TeV
pp = *1” JEN
15" NNPDF3.1 NNPDF3.1
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In the invariant mass region below The two sources of uncertainty are
~ 320 GeV the inclusion of the LHC comparable, thus no gain in PDF
data could improve the fit. determination from the inclusion of
AFB”at Run-|
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LHC prospectives

Large amount of data will be recorded by the end of
the Run-Il and in the High Luminosity (HL) stages.

PDF fits can be improved exploiting both differential cross section and AFB’

PDF error band includes the effects of factorization scale variation
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Also in the case of the AFB"distribution
there is a region in which the statistical
uncertainty is lower than the PDF error.

the PDF Fit is further extended.
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AFB in PDFs profiling
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* AFB in PDFs profiling

> Implementation of AFB in xFitter
- Studies for PDFs profiling

> Eigenvectors rotation
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Setup of xFitter analysis

Datafiles with pseudo-data generated for many PDF sets with the following
setup:

* AFB central values:
120 bins of 1 GeV from 80 GeV to 200 GeV.
» Estimation of statistical uncertainty:
at different integrated luminosities (30 fb*?, 300 fb* and 3000 fb*)
Including detector acceptance and efficiency in the di-electron final state.
* Rapidity cuts:
different lower rapidity cuts applied (Y| > 0, |Y| > 0.8 and |Y]| > 1.5)

Profiling exercise performed on 5 NNLO PDF sets:
ABMP16NNLO, CT14NNLO, HERA2.0NNLO, MMHT2014NNLO,
NNPDF3.1NNLO (hessian set).

Reweighted eigenvectors are returned by xFitter and analysed with the
XFitter-draw script.
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CT14 nnlo (L =30 fb?)
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PDF profiling

CT14 nnlo (L =300 fb) Q? =M. GeV?

ref
ref

2 2 2 2 R kT 2

- Q” = 8317 GeV - Q” = 8317 GeV RS ~E Q? = 8317 GeV

&
g 1.2 %% CT14nnlo (] %% CT14nnlo RS b\ %% CT14nnlo
- - ’ ’ -

5> ¢ CT14nnlo profiled 5> ¢ CT14nnlo profiled o ; ~ CT14nnlo profiled

2 ° RRK ©

x x 1.1 155 ot

= =< OO 1 1

< o 9303 e

& 1 6 5

= = ') 2,

E 6262020220 %%% Y0 T g S I, .E 1 ) o’t‘v"’ v'o'o'o'o'o':"o’o‘0’0’0'0/‘0 e
IR 0 7 TRIKXKKKKXKKRKRRRRKRKRKRKRKRRIRKKRKRRRRKK < LOQ55RIRIRIRIRIIIRIIITRETIIIIIINNRRS
020705002020 20202020700 0 0TS0 0 0 0 0 v, ote e S ORIIRRIRIRRIRIRRIIIIIIIIIIRRRRRRNS
070700 070707070°0.007070 0 0% 0 % OOND B [ragalalalaa’alalala’ala atatalala’atata’a’atalalalalatela’s

1 *OQOQOQQQOQOQOQQAO.OAOA.0&&A0.0A0,0&&.0.0&.0.0&,0&& '0&0‘0‘0‘0’0’0‘0’0 ] XX/ RARRARNS SOADDDDDRK
X XK X5 K KKK K55 K 8K KXXXHXNNX XXX / (L2 Z N2 + 47070700 0.0,
‘0‘0.0.0‘%0:0.0’%"o.o.o.ozg0A;; 77225 \\’0:0:0:0 ; > S
> - < DOOCO
%, LDOOO x
o%e %
Wole
23S
0.9 eode
0.9 R 0.9
255 -
XX
RS
RS
0.8 ',:, i
0 8 ." X F /tter
. 19¢ 200395706
|||I||I 1 1 I|l||l| |||I||I 1 1 I|l||l| . 08 1 1 I|l||l| 1 L ||||||I 1 LLAhiilhl
4 -3 2 1 4 -3 2 1 4 -3 2 1
10 10 10 10 < 1 10 10 10 10 < 1 10 10 10 10 < 1
D 2 2 X D 2 2 R D 2 2 R
~ Q° = 8317 GeV RS0 ~ Q° = 8317 GeV R T Q“ = 8317 GeV PRI
» 020
k] %4, CT14nnlo 1% <] %4, CT14nnlo KX O 1.1~ ##CT14nnlo RIS
. %! . 020 % L .

X1.05 =X CT14nnlo profiled R X =X CT14nnlo profiled 2 Xa < CT14nnlo profiled 299900403

=) XX =) 2000 S RRRXXX

= 3 % o 85 £ B

I 1. 02000 ERRRRKS

o] o] 020 ‘G Lotetete e

> SRR > S >1.05 ot tetete %

= 026%6%% %% % %2020 4 = o0 % = 000 %000 %%
=) S3R5RIRRIRIRRIIRIAKKEG ////' (=] RS K oo reteterele
QORI DDBDIRIGLLAAARS 020 : SRRRRKS
3 x 0RNS RRRRRRRS
0RRS RRRRRRXS
0000 00 0 0 e e e e e e e e 20 20 20 20 20 20 20 te e b b e tetete e 8RS SRRRRRKY
00 0 0 0 0 0 %0 00 00 0000200070 %0 20 20 20 %0 20 20 %0 %0 %0 %0 % % e 0%0%0 % >4 I %4 %0 0 %0 % % %0 %0 20 20 0 20 20 20 20 20 0 20 0 e e 20 e % SRS
s o
00000 0 0 00 00 00 %0 %0 00 %0 %020 %0 0 20 20 20 20 20 20 20 20 %0 %0 %0 % %o e 0000 0 0 0 00 00 %0 %0 00 %0 00000 %0 %0 20 20 20 20 20 20 %0 %0202 % % ¢ £5¢5¢5RR92RIRIICECIIRRRRIIILLIRRRRRS
X
0000 0 0 0 0 00 %0 %0 %0 %0 %0 %0 %0 0 20 %0 20 20 20 20 202020 %0 %0 % % e 000 0 0 0 00 00 00 00 00 %0 %0 %0 0 0 20 %0 20 20 20 20 20 %0 %0 %0 %0 % % % 0200020 %020 %0 406 0a 000000000 %0 %0 %0 %0 %0 %
ORI IIIRARRRNS 0303050505070 022 SR PIT 7 IRRRRRRRRRS
a0 a 0 e e s setetesetereletetetetetets st sy tetetese: XXX ERRRRRHNNS
000000020 20 20 te te et tetetete tede s RIHX ERRKS SRS
XERRRRRRRKS % WS SRS 0.95 5252525858
’0’0’0’0‘0‘0’0’0’0’0’0‘0’»}‘// RS A0S SRRRRKS
X

’0’0’0’0‘0‘0‘{0";’/’ ole ROSRNS 020 %%

o oseteseete =S, ot AR SRS
ottt . 0 otelede X5

X PO 0.95 Lotele otetete
X 0% . RO SXRRRS

Y £ DO OO DOOOO
5 relede SRS
0.95 i o i osede 0.9 i RN
: xFitte o xFitte 2020 . xFitter 13505059
; X i ; RIS i o Polelede

C 1 | i | ||I||I 1 1 I|l||l| 1 1 [ B | .; 1 | i | ||I||I 1 1 I|l||l| 1 1 1 >.' . - 1 | i | ||I||I 1 1 I|l||l| 1 L 1 >.> .

4 -3 2 1 4 -3 2 1 4 -3 2
10 10 10 10 - 1 10 10 10 10 - 1 10 10 10 - 1

Juri Fiaschi DIS-2019 11/04/2019 14



PDF profiling

CT14 nnlo (L =3000 fb) Q? =M. GeV?

kT 2 2 kT 2 2 kT 2 2
« L Q° =8317 GeV « Q° =8317 GeV R s Q° = 8317 GeV
g 1.2 %% CT14nnlo (] %% CT14nnlo KX b\ %% CT14nnlo
- - ’ -
x| » CT14nnlo profiled X » CT14nnlo profiled X § " CT14nnlo profiled
=] = KX o
il K X - Pode & 1
= X b = RRNS s 1
O 1.1 X G ZZZ AR <
= = HSOOO D A SO0 X
X RAANXX o X 000002020 0 %0 %0 %% RRRBARRRRRRKS o
< HRRNXXX / o, = QISR LKL R LK RIAALLARK QSR LHRRARY G
= ORIRS 2% ° 000000 00 0 0 0 0 e 0 0 e e Ta 0 20 20 20 20 20 te bt b e tetete e A
> QURRXRXXXL /) _ ///// AR S Eelele2ele20Ts 2020 020 0 20 0 200 2020 0 0 0 2020 0 20 0 e 0 e 5
02000 0 200 b0 te 0 o o . LI Y05 T 40y 070700707070 °0.07070°0°0°00°0°00°0 000007000000 <
000 0 %0 %0 00 %0 %020 0 20707070 %0 2020 20 20 20T e T T 0 70 N0 0 20 % 00 00 %070 0 %0 %0200 %0 202020 %0 2020 %0 20 % 0 20 %6202 20 20 %6 e % >
O OO MO IO I XX M X MM MM €.90.0.0.0.0.60.0.0.0.0.0.0.0.0.0.0 ’A’~"““"’ e 1
R R
CRRRRRRRRRRRRRRRRRKAIE T AR ALINRK XX LRHHXXX =
02000000 20 20 te t0 t0te ta0. 0.0, 0.0 % S AR
030.02020,0000020 06 "’I// XD 000020205002020. 00 PO 2
0202020 %% 20 % %% Voo 5252520 XSRS "
SARRRRKS 000 5X5XRRRRRRS %%
525XRRRNS 02020202 % % % %% Lo
XRXHXHXNNNS R 0.915KRRRRARXS XS
SRR & . % 2o
555X 5 0%,
odetete S S
0.9RXS PO
393058 " B 0.9
25 ) KX
57 * ’0’
2
0.8 R 1
0 . 8 .:‘ X F /tter
|||I||I 1 1 I|l||l| 1 LbLAhiilhl |||I||I 1 1 I|l||l| . 08 1 1 I|l||l| 1 L ||||||I 1 LLAhiilhl
4 -3 2 1 4 -3 2 1 4 -3 2 1
10 10 10 10 1 10 10 10 10 1 10 10 10 10 1
X X X
kT 2 2 q kT 2 2 kT 2 2 R
B Q° = 8317 GeV P B Q° = 8317 GeV XX el Q° = 8317 GeV ::::0:0:0
S & 020
G % CT14nnlo R < R % CT14nnlo R S 1.1— ##CT14nnlo RRRRX
. &S . 020 L . 0%,
X1.05 > CT14nnlo profiled X x X > CT14nnlo profiled XX %, < CT14nnlo profiled [RRRXX
= B2 s B> gk S
] PO ] oY RS X N QRS
= K58 = 1.05P58%8 / CRKS = X XUKX
L B DL SO 000, G Oy XS
(¢} o de ¥ (¢} 00200 % o000 1.05 X8RN %6060
3 3 SRR RRK X TSR RRRK
2 2 RRRRRRRRX /II,,, RS = SRR 85258
S 4 4 Al SRRRKS 020
2 [a] OOOOOOOORSELETTRXE OO0 QOO OOV
3 3 0505050050 2020202020220 %0 %0 20 20 20 % %ot x 3¢5
0205050020 %0 20 20202020202 %0 20 20 20 20 2020, RRX RRXN
0%, 8RS
00 0000002000 00 0 0 00 00 20 2020 %0 %020 %0 20 20 20 20 20 20 20 20 %0 % 0 e T o 2 20 20 20 %0 %0 20 20 0 0 20 20 %0 20 20 20 20202020 %0 20 2e 20 % Pedede!
Blloleleeletete2ete2e202e e e e e e e o 0 0 0 o o 0 0 0 0 0 000 ; KRR 1 R R R RS R
T T 0 0 0 0 0 00 20 00 70 0 0 0 0 %0 20 20 %0 20 %0 20 00 % % e, ERRRRRRRRRRRRRRRRRRRERRRERRRRRS 020207000 %0 20 20 20 20 20 %0 %0 %
020202020 %0 20 20 00 00 20 2020020 %0 %0 %4 %0 %0 %0 % 20 %0 20 20 %0 20 %0 0 % QRRRRRRRIRRRRRRRRIRRRRRRRRRRRRRKS IRRRRARARARRRRRRRNN
5R5R5R55¢5¢5¢5XRRRIRIRIRIIILLIIIRRRRRRRK 27 2RERRS
000 0 0 0 0 0 20 00 00 00 00 %0 %0 %0 0 20 00 %0 20 20 20 2020 %0 %0 %0 % %o e PDGHRHRRRRRS
000 0 0 0 0 0 00 00 00 002000 %0000 20 %0 20 20 20 20 20 2020 %0 %0 % % e (/PRRRRRRK
000 0 0 0 0 0 0 0 00 002000 %0000 20 %0 20 20 20 2026222424 %4 %4 % . RRRRRRKS
e e ey 0 e %0 %0 %0 0000 008,800 (X 9, 0.95 / N 0000 0 e %o %
QRRRIAAE XXX, MM// / ERRRS B // 039305050500
ote%?. Mo tete%e%
% B XRRIRKS
/////////////// OO
0.95 // - XRRRRK
. 9% %0 0 0%
\ B AXXXXX
B - RS
0.95 0.9 Pele %%
- - 2925458
BRS
C 1 | i | ||I||I 1 1 I|l||l| 1 L 1 | i | ||I||I 1 1 I|l||l| 1 1 - 1 | i | ||I||I 1 1 I|l||l| 1 1 "" .
4 -3 2 4 -3 2 1 4 -3 2
10 10 10 - 1 10 10 10 10 - 1 10 10 10 - 1

Juri Fiaschi DIS-2019 11/04/2019 15



PDF profiling

2 — 2 2 — - 1
: z =
® 2 2 » kT 2 2 oA ® 2 2 X
« Q°=8317 GeV & « Q°=8317 GeV X . Q° = 8317 GeV R
S 5 &
<) ¢4 NNPDF31nnlo K S ., ¢4 NNPDF31nnlo R <] ¢4 NNPDF31nnlo KX
. S . . 5 . 55
T > NNPDF31nnlo profiled Q 2, > NNPDF31nnlo profiled [ = > NNPDF31nnlo profiled Q
5 ", 5 XK 5 X3
=] R o (XK s 1.1 0%
X 15 X o e &
= @, = > D DO
= 1525 = o S 020
< PSS < RS 5 KRS
¢ o% o 1.1 RXK X BSOS
%1.05 RS e X o o~ XK
N J
3 P X g QR R R AKX RRED R <] R
> < 020002020 20 %0 20 20 20 b0 b b tetete e te o Loy, 3P 5 1%
& 0 e e e e e e e e e e e e e e e g e a0 % < X 77 XK
0 0 %0 %0 0 0 %0 %0 0 %0 202020 %0 %020 %0 20202 20 70 70 20 20 20 %% ) > SREEIRRREEIIEKEIREEEABIEIRRK
1 Bioleletetelete2elelele2e e e el e o 0 o 0 0 o o 0 0 0 0 0t S Blolelete2ete2e202e 202 0 0 0 0 0 0 0 0 0 0200020 0 0 20202020
OO SO SO 0T e 00T T0 03000007030 0070 003000307030 7070 70007 S IICRIIHIHRINIERKHNININN
& XX N
0000 0 0 0 0 0 0 e 0 0 0 00 00 20 20 20 20 20 202 200,04 %0 %02 3 PP PRIALINKS
0000000 20 0 e e e e b e e e e te te tete ke o = RS 020000000 %0 %0 20 %0 %0 %0 %0 %% ot
020000000 %0 %0 20 20 %0 %0 20 20 e 20 20 20 e e Y RSP = 0200000020 20 200 %0 20 %0 20 2o te te 2% &
0200002020 20 2020 %0 %0 20 20 e 20 20 2o % yole 02000002020 20 2020 %0 %0 %0 20 2 te %0
0 t0 02020 20 20 20 b0 te ettt tetete e o200 ) 3090500 020
02000000020 20 20 %0 20 20 de e te %02 S 0 t0t0 2020 20 %0 b0 e e te et e te 25055
02000002020 20 20 0 %0 20 20 b te %0 %t PO QRIRLIRRIEIRRRS %0
095 RIS RIS X
: 0.9 el 02000202020 %0 %0 e b te 2SS
& 020 5 0200070002070 % % %S 1R
00000'/ RXK QRRXXT > RS
55 7 ::::
5 S
0-9 p" i ’0‘
0.8 e xFitter 133
|||I||I 1 |I|l||l| |||I||I 1 |I|l||l| = |||I||I 1 |I|l||l| 1 |||||||I 1 |||
-4 -3 2 -1 -4 -3 2 -1 -4 -3 2 -1
10 10 10 10 < 1 10 10 10 10 < 1 10 10 10 10 < 1
- - -
1) 2 2 R 1) 2 2 R 1) 2 2
B Q° = 8317 GeV ;:0:0 B Q° = 8317 GeV 0:::03 ek Q%= 8317 GeV
0%, &
k] %4 NNPDF31nnlo KRR <] %4 NNPDF31nnlo R & | %< NNPDF31nnlo
: RS : S | :
o > NNPDF31nnlo profiled JXX o > NNPDF31nnlo profiled £XXX 2 1.04- &2 NNPDF31nnlo profiled
S ERXX a RXRRS DA B
X 1.01 CRRXS %1.02 N KRR el
o~ o~ Ry L
1 QOO0 aQ e o LOOOO
e ] RRRKS [} 2020202020227 0 v < 2777 ARXRRRRKS ‘G
) XK ) SRR BB TG ARRRRRRK :
X SRRRS >< 0000000 20 0 0 0 e e e e e e e te te te te te te te 0 Te b e tete te e X 1.
= %0 % = 0000000 20 20 0 0 e e e e e e te te te 20 te te te b b b e tetete e =
=) XRRK (=] S50 IRIRIIRIOIRIIRIIIIRRRRK K S
x
S 000000020 00 20 20 20 e b e e e te te te te 20 20 20 20t e et ot
> ERRRS > 2900000
SRR X
RO IFAZZ L / SRRRKS
SRRRRRRRRIOIGGGGGGALIRRRRRRRS
00000 00 0 e e e e e e e e e e te 20 20 te te te te bt b e tetete e 23255555
10000000000 %0%0 %020 %0 %0 %0 %0 20 20 2020 20 2 220 %0 %0 %0 20 20 20 20 ¢, 00 000000000 %000 0 00 00 20 20 202020202020 %0 20 %0 20 20 20 20 20 %0 % 0 0000000702000 00 00 %0 0020 202072 %0 20 20 20 20 20 20 %0 %0 %0 Y.
b
C5R5R0X5X5CIRIRXILIRRIRICILIIRIILIRIRILRIRIIERS C5R5RX5X5CIRIRXOLILRIRICILIRIILIRIRIILRIRIRIERS 02000000 %0 20 20 b e te te % 2t 0 &R
C5R5RC5X5CIRIRXOLIRIRICILIIRIILRIRIRIRIIERS Q5R5R505X5CIRIRIXILILRIRICILIIRIILIRIRILRIRIIERS 020202020 %0 20 20 20 %% 27/
23R5R5Q5X5IRIRIXOLIRICILILIIRIIILRIRILRIRIERS 23R5R50525CIRIRIROLILIRIRILILIIRIILIRIRIOLRIRIRIERKS 02000000 %e %t 2,
25R52505X5IRIRIXOLIIRICILILIIRIIRIRILRIRIIERS 23R5R505255RRXOLILRICICILIIRIILIRIRIOLRIRIIEERS ERRS
235R5X5XOCRIRIXOLRICILIIRIILRIILRIRIEERS 000 20 20 e e e e e e e e e e te t0 te te te te te te e e tetetete e otete
ORRRRRRRRRRRRRRRRRIIIIZIRRRRRRNRRS RRRRRRRRRRRRRRRRRRRRRRRRRRNNRNS 9058
RRRRRRRRRRRRRRRRNS XX 255R500C0LRIRIROLIIRIRIIRIRIIIRIIOLRIEERS 5
”’:’:’:’:‘:’z’:‘:‘:‘:.t‘z’t‘/” / PR SRR s 990
SRR 27 o t0 00 te %020 %006
BRIRIENNX
RS otetete Nt
0.99 90,5 0.98 ”:’ \:0:0
. = - OO
WP
. “0.0
0.96 XFitter \:,:
N ! Y
= L1111l L1111l 1 L1 11111 1 1 1 L1 1111l 1 L1 11111 1 — .
] ] | ] | )
4 -3 2 -4 -3 2 -1 -4 -3 2 -1
10 10 10 - 1 10 10 10 10 - 1 10 10 10 10 - 1

Juri Fiaschi DIS-2019 11/04/2019 16



PDF profiling

MMHT2014 nnlo (Q? = M_2 GeV?) (L = 300 fb)

Q? = 8317 GeV? £

N

ref
re

ref

X

Q? = 8317 GeV?

Q? = 8317 GeV?

o~ o~ o~

N N

(¢ ] %% MMHT2014nnlo (¢ ] %% MMHT2014nnlo 2 <] %% MMHT2014nnlo

oS > MMHT2014nnlo profiled x RX Lo > MMHT2014nnlo profiled

51.05 - 133 3 1.05

= X 11 KX *

R o Ll ,"‘ >

b ¢) K 3

o e QRRXHXHXRRRRNN (XX X

z X CRRRRRRRRRNN KR &

s = 0 0. 0,0.0.0.0.0.0. 000 PR

3 1 M AKX 3
QIR N et L2 ARITIIH Y L 10 0:0:0-0:0-0-0-0-0-0-0-0-0-0-0-0-0.0-0-0-0-0-0-0-0-0-0-0-0-
R R AR AR AR RRRARRRRKS ° O RRRRRIAXRRRRRRHK KK

Blosssosoiololeleleleleledeleleldelelete o o o ololo o o elelele! k3 RRRRRRRRRRRRKRRSEP D,

AAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAN/
OO T LT T OO AT OO TOTOTOTOTATOTOTOTOTOTOTOTOTeTS: 3

90909000000,0,90,0.0.0.0.0,0 - -

COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO)
A:.Q.A‘A:AQ".A ®

0.95[x
0.95

v
0‘0

R :
. 3 e
1 IIlIIlI - 1 1 IIIIIII 1 1 IIlIIlI -t 0.9 1 1 IIlIIlI 1 L IIIIIII 1 2 120
107 1072 10~ o 107 103 1072 10~ o 107 103 1072 10~ o

(i Q7 = 8317 GeV? e Q7 = 8317 GeV? R BT 78317 GeV? oo
G %% MMHT2014nnlo G T %% MMHT2014nnlo G [ %#MMHT2014nnlo JRUXK
k3 > MMHT2014nnlo profiled %1.04- > MMHT2014nnlo profiled k3 IR
51.02 a J Jetetedetel
% 2025 %%}
5 5 b '0‘0.0.0‘0"
& & OO
<) <) %2102 5&&&&&&

2 1.01 21.02 R = S
a a @ %&%%&%%uﬁQ&gﬁ@é@g;aeﬁévvvvvvvv

0205050205 % %0 %0 %
o000 S0 203020 S0Te %030 30 2030303030 303030 500
0a0 s e e e e setesetarererteteteteteselelertetetetetetelelere’
COIRIXXIIRIRIILIIIRIIILRIIIRIIRRIRRN
AN AN AN OAAZCAAAAAAAAAAAAAAAAAANS
T T T s OO e e et et eTeTeTeTeTeTeTe%eT0%0%eT0%eT0%e%s
C5¢5XRRRIRIRICICRIRRRRIRIIILILIRNRRRRKS
0000000 00 02020 %0 %0 %020 %0 %0 %020 %0 20 20 20 20 20 20 2020 %0 %0 %0 %
QR AR

N

Q)
0.0.0.0.0.0.6.0.0.0.0.0.0.0.90.0.0.0.0.0
0‘0‘0‘0‘0‘0’0‘0‘0‘0.0‘0‘0‘0‘0‘0’0‘0 QOO

\\/ \AAAAAAAAARAAAAAAAAAAAAAAN/
0’0‘0‘0‘0‘0’0‘0’0‘0‘0‘0‘0‘0’0‘0‘0’0.0‘0‘0‘0’0‘0‘0’0‘0’0'0’0
CQOOOOOOOOOOOOOOOOOOOOOOOOOOOOO)
EOOOOOOOOOOOOOOOOOOOOOOOOOOOOO)
0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.06.06.06.06060000
0.0.0.0.0.4.0.0.0.0.0.0.0.0.0.0.0.0.0.0.06.0.06.0606.0606000
0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.06.0.06.060606060600
.0‘0‘0‘0’0‘0.0‘0.0‘0‘0’0‘0‘0‘0‘0‘0‘0AOAO‘OA0‘00000000
000000000000000’/""”‘1‘0000000

O

Q

0.0.0.0.0.0.6.0.0.0.0.0

0.0.0.0.6.0.0.0.0

»

0.99 32O
. 0.0.0.0.020.0.0°0.0.0.0700°2
0000000000000, 0, 8 0 0 0 08

o

0.98 0.98

RRX)
OO
%o

0.98

K
o202

107 1073 1072

0-96 1 IIIIIIII 1 IIIlIIlI . 1 IIIIIIII 1 IIIlIIlI 1
1 107* 1073 1072 10" 1 107 1073 1072

Juri Fiaschi DIS-2019 11/04/2019 17




PDF profiling

ABMP16 nnlo (Q* = M_?> GeV?) (L = 300 fb?)

Q° = 8317 GeV?
% ABMP16nnlo
> ABMP16nnlo profiled

ref
ref
o?
ref

Q? = 8317 GeV?
% ABMP16nnlo
> ABMP16nnlo profiled

Q? = 8317 GeV?

//// 5
4/4525:;&V<2?94$%¢
&

v
o?

7

-,
‘0

*

V —
o
(331

.0
&
—
o
(3]

)

x5

5%

’v
0’00 %

&
& ’0

/

&
&

)

-
O
O

O

O
O

O

O

xd,(x,G?)/xd (x,Q%)
=
(3)}
)

xu,(x,@%)/xu. (x,Q?)

@ CQOOOOOOOOOOOO)
BOOOOOOOOOOOOO0
OO 0‘0. ‘0‘0’0‘0‘0‘0.0.0‘0‘0 @,

S .e........wwﬁzﬁiwv%

25¢5XRRRRIIERIOIDDDBBDDICHRRRRRKS

02T 0 0 0 0 0 20 T T 0 0 0 0 %0 %0 20 %0 20 20 0 0 e e Ne %e %0 e,

0000000&&&&&&2>@@3@3¢&@&&&&&é¢
O = Q

OO

o 28 9.0.0,.0.0,0.6.0.0.0,0.0.0.0
- K2
/7 o A

LA

xuv+dv(x,0%)/xuv+dv(x,Q?)

o%6%%%
%% %%

o¥

O

%o

@

O

R)
&

O

7
’0

o®

0.95

%4
‘0

074

o

)

o

K/

xFitter

200395706

1072 10" 1 107 1073 1072 10™" 1

107 1073 1072 10" 1 107*

e Q? = 8317 GeV? R P Q? = 8317 GeV? R ~204F Q2= 8317 GeV? RS
c&{ : %4, ABMP16nnlo 2002, c&{1_02— %4, ABMP16nnlo ;»:0:0:0 (] - % ABMP16nnlo PRRRS
X "> ABMP16nnlo profiled £XXX X "X ABMP16nnlo profiled /»’0:0:0: X - 9 ABMP16nnlo profiled XXX
> Lo 5 RS 7 [ R
X 00020 X JRXHNS X XX
& XXX & N SRR KL %,102 X2
QI 005}x K8KL (@] OO 00600 % . K&

i ole 0% > 1.01% o0 te e $ &S
X KKK X CSRKKR x G
= OO ~ OO PN o0
> QRRRRRRIRRRRRRIRRARRRIRARRARRRRRRRS o SRR o) X3
= x XXX X

YR RRIr eyt LalOO
5555252552 DODDDDRIILNRS
525255R5RCOLIXRICIRICILRIRIIRIIRRIIRRRK
0202020 %0 %0 %0 %0 %220 20 % 2a et 0u 0.0, 0.0,9, 94949400 %0 % 20 b
0202020 % %0 %% % 225 &
%020 %0 %%

RS

RAAAAAAARA AR XX AAARAAARAAN
0.0.90.0.0.0.0.0.0.0.0.0.0.0.0.90.90.0.0.0
.O‘O‘O.OQQQOQOQQ’OQQ‘0’0.0.0‘0'0’0.0 @,

1 A0 00,0 0,0.0.0,0.0,0.0.0,0.0,0.0.0,.0.0,.0,0,0.0,0,0,0,.9,0, 1

00 000000000 0 0 00 00 00 %0 %0 2020202020 20 %0 20 20 20 20 20 %0 %0 %

02000000000 20 20 202020202020 20 20 20 20 20 20 20 %0 20 %

02000 0 0 00 00 2020207020200 %0 20 20 20 20 20 20 20 %0 %0 % % e

00000200000 0 0 00 00 20 20 20 20 202020 %0 %0 % 20 Y0 2e 20 20 20 20 20 %

QRRRRRIRARRRRRRIIRRRRRRRRRRRRNRS
= =,

QOOOOQ‘O’QQQOOQ.OA

OO

0.99
0.98

0.98

0-99 1 IIIIIIII 1 IIIlIIlI 1 L1
107 1073 1072 1 107 1073 1072 10" 1 107 1073 1072

Juri Fiaschi DIS-2019 11/04/2019 18




PDF profiling

HERAZ2.0 nnlo (Q? = M_? GeV?) (L = 300 fb)

Q’ = 8317 GeV?
%% HERAPDF20nnlo
> HERAPDF20nnlo profiled

ref
T
ref

ref

Q? = 8317 GeV?
%% HERAPDF20nnlo
> HERAPDF20nnlo profiled

- Q’ = 8317 GeV?
%% HERAPDF20nnlo
> HERAPDF20nnlo profiled

>1.05
1.05

o
0‘0

5

\/
O

*

5

O

0.0
‘0

5%

o

xu,(x,@%)/xu. (x,Q?)
xd,(x,G?)/xd (x,Q%)

LR AR
3 B 1 0202020202020 %
S25R55RIRRIRIRREIIEIIRIRIEIRK
Z01020.0.0.020200.0.6:00.0.0.0-0.0.6.6-0:00.66.000 6
QR RN R AR IIAR XK ISARLRARIHNARXRRAIX
o %020 0% o a%%?
K22

o

".
9.9.0.0.0.0.0.0.0.0.0.00000.°
0% %600 %% %0 %600 %% %6 % %% % %%

O
,

Il‘; OO
ZESETOINRS
ZAEERRRRRKS

V.V V.V V.V V. V.V.V.V,
%0 %000 %0 %0 %0 %0 %0 %0 %
2SERRRRS

05 30022 % %00

', / \

.
4
.

o’
&
&

O
‘0
O

XS
o2ededelele2e2e2
KRAXAXRHHXXRRRHXHXXXRLRHKHNRXN
SRR RXHXHXRX
O oo o e
(/2

O

85

O

AVA

>

*

O
*

*.6.6.0.0.0.0

0% 0::‘
6%6%6%

OO0
OO

O
’0
O

xuv+dv(x,0%)/xuv+dv(x,Q?)

o
6%,
%00 %

v,
‘0
7O
OO0
’QQQ OO

\/

55

O

@
o%

0%

X)
/)
’0

o

o7
‘0

0.9 0.95

R/
‘0

\/

xFitter

200395706

107 1073 1072 10" 1 107 1073 1072 10" 1 107 1073 1072 10™" 1

k] 2 @ 2 S N 2 e
~ | Q?= 8317 GeV ~ T Q? = 8317 GeV — Q?= 8317 GeV 7::::::
- [
s | %4, HERAPDF20nnlo ‘G 1.04 %4, HERAPDF20nnlo , & 11~ 52 HERAPDF20nnlo K
o > HERAPDF20nnlo profil o > HERAPDF20nnlo profilg = < HERAPDF20nnlo profiled XXX
> 1.01 a 4 3 XX
x X = B 020 %
= QOO
Ny Ny cb = o0
a a 1.05 90569
T > 1.02 < 1.05 S
= = = L ORRS
=] (=) o B GRR
> 3 o O
L 0RRS
OO0 A @,
“““““““““““““““ 01020.0.9.9.9.9.v.v.v.v.v v v.v.v.v. 0 610000 0 20 e Yo Yo e
. B eSS ! R R R R R R RRRRIRX
@, OO OQOOOOOOOOOOOO) - D0 0.0.0.0.0.0.0.0
‘0‘0'0.0‘0’0’0‘0‘0'0‘0‘0‘0’0’0‘0‘0‘0‘0‘0.0’0’0‘0’0 OO 0‘0‘ S --"" 0.0.0‘0’0‘0’0.0‘0.0‘0’0’0‘0‘0 00" 0% 0’0 QOO
OQOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0) "‘ o ,‘ QOO0
OQOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0) / @,
000 0 0 e 0 e e e e e e e e e te te te 20 te 20 te te de b e e tete -
QQQQOOO‘O.O‘QAQAQAQAO.OAQA0.0.0A0A0A0~0‘0’0.0.0 0’0’0 Q‘QQQ =
XX T 7 2 e ~Z, -
OOP7 LL -
X577 & 0.98 0.95(—
0.99 - -
C 1 | e | ||I||I 1 1 IIlIIlI 1 1 0.96 1 | e | ||I||I 1 1 IIlIIlI 0.9— 1 | e | ||I||I 1 1 IIlIIlI 1
4 -3 -2 4 -3 -2 1 4 -3 -2
10 10 10 1 10 10 10 10 1 10 10 10 1

Juri Fiaschi DIS-2019 11/04/2019 19



e @ = 8317 GeV?
(¢ ] %4, HERAPDF20nnlo
5>1 05 > HERAPDF20nnlo profiled
s B
X
X
¢‘A
g
x
N
= >
S
B ey
N/
. ZRIDIRRRR
L}
0.95 :
K xFitter
1 ||||I||I 1 |I|l||l| 1 |'||||||I 1 |
107 107 1072 10" 1
X
- L @ = 8317 GeV? RS
PolEEi %% HERAPDF20nnlo RS
x »> HERAPDF20nnlo profiledXXX
2 — OO
= 1.01 KRR
X /30303,
' KA
<4 ERXX
X X
=) @,
=
1 AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
&
&
&
235RX5CIIRIRIROLILRIRILILIRIILILRIIILIRRIEERS
R RN RRRRRNNS
RS S K P T ERRARNANRNS
7L
0.99
C 1 | |||I||I 1 |I|l||l| 1

107 1073
Juri Fiaschi

PDF profiling

HERAZ2.0 nnlo (Q? = M_? GeV?) (L = 3000 fb)

re

ref

xD(x,Q%)/xD(x,G?)

xd,(x,G?)/xd (x,Q%)

Q? = 8317 GeV?
%4, HERAPDF20nnlo

Q
S 2
olelolelelelelolelolelo e le 20000 v 0 To e 0 0 0 e 02002

AAAAAAAAN/

> HERAPDF20nnlo profiled

-
XXXRRRRKS

RAAAAN/ .9 .0.9.0.9.90.0.90.0.90.0.90.0.0.0.0
OOOOOOOOOOOOOOOOOROOOOOOOOOOO)
_%%%%ww%ww%%%%&&&} ‘Q’QQQO @,

xFitter
pre

-

OOOR

ol

e,
ﬂ’

v
&S

",
X

"‘
XX
%&f

@,

o~
>

&5
e

o?

O

O

O
O

)

e

107

1073 1072

10"

-

o

e
[

y
=}
N

0.98-

0.96[

RS

Q? = 8317 GeV?
%4, HERAPDF20nnlo

> HERAPDF20nnlo profilg

ARRXRRXR/
o,

\AAAAN/ A\AAAAAAAAAAAAAAAAN/
205050 e e 0002020 %020 e e %% 0 d0 S0 t0ta e et oo setetetel
el L7 DPRXRRRRRRR

xFitter
pre

%
X

Q#vvvv”

O

e
S
%

R/
OO

OOOOOO

O

0%’00

107

1073 1072

DIS-2019

10"

o

it
=}
[3)]

xuv+dv(x,0%)/xuv+dv(x,Q?)

0.95

I

Q? = 8317 GeV?
%% HERAPDF20nnlo
> HERAPDF20nnlo profiled

2,
09, QR
,0?0‘0’ 2 ‘0’0‘0’0’0’0’6‘0’0’0’ ¥
qQqqq&q@Qg&vvvvv&vzgngwvvvvvv

y 4 X R X Q0
ove 0 0070707 %% % % %%

OOOOOD
0.0.0°e

200395 g70¢

0%0%e20203050%0
A

1073

1072 107"

107
s [
NO 1.1
X
0
5 -
og R
25135—
X R
x L

0.95

0.9=

Q’ = 8317 GeV?
|~ % HERAPDF20nnlo
< HERAPDF20nnlo profiled

*

%o

O

*

N/
%

O
‘aﬂwb

3
&

&

0’0 % %%

b

O
OO0
Qavv
O

e

o

O
O

O
O

O

‘v
O

O

5

-
&f
[/
a
@

O
DO

107

1073

1072 107"

11/04/2019 20

N
35
59

%

020020200027

$5XRRRS
QRRRRRRR
0%6%6%%% %%

0.0

NN
ﬁf
&
&
o
S

1



PDF profiling

HERAZ2.0 nnlo (Q? = M_? GeV?) (L = 3000 fb)||Y| > 0.8

=< | Q” = 8317 GeV® e Q” = 8317 GeV® = Q? = 8317 GeV?
(] %4, HERAPDF20nnlo (¢} - %4, HERAPDF20nnlo h %24, HERAPDF20nnlo
5>1 05 > HERAPDF20nnlo profiled 5> > HERAPDF20nnlo profiled ; > HERAPDF20nnlo profiled
=5ie k] L k]
25 2 *1.05
o <o 11 =
g <4 X
b > %
| 5 g
x x 3 / /
225
N A > RRXXRRRXXRXRIACLIN ,v{'o’ooo
: ; 3 R R LR
QRRARRNS 3 E IR SLEEXHXNHNHNNN
R > 3 QRRRRRRRRRRRKE &7 %% %
7 - detedeletut. 00, g~
0.9 0.95
0.95 < -
- xFitter
1 |||I||I 1 1 I|l||l| 1 1 | B | - 1 1 |||I||I 1 1 I|l||l| 1 L |||:||I 1 2 1 1 1 |||I||I 1 1 I|l||l|
107 10°° 1072 107" 1 107 10°° 1072 107" 1 107 10°° 1072 107" 1
X X X
~2 | Q” = 8317 GeV? %9 ~2 Q” = 8317 GeV? fones ~2 I O’=8317 GeV® AR
203 R & 1.1 RS
%{ | %4, HERAPDF20nnlo XS h 1.04 %4, HERAPDF20nnlo XX G -1 %< HERAPDF20nnlo /:0:0:0
g > HERAPDF20nnlo profile ::::: g - > HERAPDF20nnlo profilgg ::::: % < HERAPDF20nnlo profiled ::::::
- 2,
= 1.01 XXX = - XXX x RRRX
= ' & = 039, = QXXX
& A G40 & - G580 cb XA
fe] / ERRAXS o] ERXS XXX
T / ARRRRRRRRS > 1.02— ORNS < 1.05 XXX
=1 XS 0’0’0’30'7"0"0’0'-’9'.’9’0‘0’0 $20%e% XX a i KA J QAR
3 0000002070207 2020 20 20 2020202020 0 %0 20 %o e, 030, 3 N ZERRRRRRRHNS x XX
&S 2R %0 %
3% RS S S S RRERRRRRARHARRRNE KA
[ e e e O e R BBratatatatatatatuututatatatatatatatutatatatatatattatatatatal. 1 e ve
W (£ A~ A A A A A A A A A A YA A A A A A AT A AAYAA A A A A A YA A Y,
0:0 :Q:0:0:0:0:010fofofofofo?o?o?of{o:o:o:o: :0:0:0:0:0’0’0’0’ 020:0
C%Q (O "”I/,/‘ QOO0 G008
02000202020 20 %0 20 202020202020 %0 %0 %0 20 20 20 20 % %! % SRRS 0 %0%
R R R RRRRRANNARK X ORNS
0003030305020 00.0. S s 00020
DA 7L LS XX
S/ L OO
0.98 0.95 03039,
. XX
XXX
0.99 - X
B xFitter i xFitter i xFitter
C 1 | i | ||I||I 1 11 |l||l| 1 L 'll\;':‘;lll 1 1 | . . 0.96_ 1 | i | ||I||I 1 11 |l||l| 1 L 'll\;':‘;lll 1 . 0.9— 1 | i | ||I||I 1 11 |l||l| 1 L 'll\;':‘;lll .
2 3 = & 2 3 = & 2 3 = &
10 10 1072 10" . 10 10 1072 10" . 10 10 1072 10" 1

Juri Fiaschi DIS-2019 11/04/2019 21



PDF profiling
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PDF eigenvectors rotation

CT14nnlo (Q? = MZ2 GeV?) (Hessian eigenvectors)
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High rapidity analysis
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>
>

* High rapidity analysis
> Parton Luminosities
> AFB at high rapidity
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Parton Luminosities
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A sufficiently high rapidity cut suppresses the contribution from
dd interaction and gives us a direct handle on u and u PDFs.

Selecting /Y/ =4.5at the Zpole
we have an overall contribution
from ddinitiated processes of:

Juri Fiaschi

NNPDF: 2% - 23%
HERA: 14% - 23%

DIS-2019

CT14: 13% - 29%

ABMP: 10% - 14%
16% - 25%
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Arg

AFB at high rapidity

AFB” measurements can be used to distinguish between different PDFs parametrizations.
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High rapidity cuts enhance the differences between PDF sets.
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Arg

AFB at high rapidity

AFB” measurements can be used to distinguish between different PDFs parametrizations.
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The AFB can distinguish between different PDF parametrizations.
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Conclusions

e State of art in modern PDFs determination

* Drell-Yan lepton pair production

> Cross section and Forward-Backward Asymmetry (AFB)

> Properties of AFB

> PDF and statistical uncertainty at the LHC Run-ll and beyond

 AFB in PDFs profiling

> Implementation of AFB in xFitter
> Studies for PDFs profiling

> Eigenvectors rotation

* High rapidity analysis
> Parton Luminosities
> AFB at high rapidity

 Conclusions
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Conclusions

» Forthcoming data from LHC run-Il and HL stages will achieve unprecedented
statistical precision, and will be an important ingredient to further improve the
determination of partons’ PDFs, with particular mention to Drell-Yan data.

- Drell-Yan data in particular will provide important constrains. Traditionally this
Information is included in PDF fits in the form of differential cross section.

- \We have shown that also the Forward-Backward Asymmetry observable in
the invariant mass region around the Z peak will achieve a sufficient
experimental precision to benefit future PDF fits.

- The AFB carries extra information on the angular distribution of events.
Moreover it is a solid observable in terms of systematics which receive large
cancellations in the ratio.

- AFB measurements can also be used to discriminate between the different
parametrisations of the (anti)quark PDFs. In particular its discriminating
potential increases when imposing lower rapidity cuts on the di-lepton system.
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Conclusions

- We have implemented the AFB observable at LO into xFitter.

- We have analysed the potential of AFB pseudodata in the LHC run-Il and HL
setup in the profiling of selected PDF sets.

- We have considered different luminosities and applied rapidity cuts in order to
study their effects in the reduction of PDF uncertainty bands.

- The result is a visible reduction of the uncertainties, especially for the valence
up and down quarks. Smaller effects are visible in the sea quark distributions.

» This conclusion is also confirmed from the analysis of equivalent PDF sets
whose eigenvectors have been rotated and sorted accordingly to their
sensitivity to the pseudodata.

> The new first eigenvectors are indeed the ones contributing the most to the
uncertainty error bands of up and down valence quarks distributions.
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PDFs prospectives

Each PDF set comes with its error estimation:
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Each PDF fit would benefit from the inclusion of the AFB".
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Parton Luminosities

Imposing a high rapidity cut on the final state system we
select processes arising from extreme Bjorken x regions.
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Processes initiated by ddinteraction are more suppressed than uuinitiated processes
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Forward /| Backward
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The probability of the direction of the boost matching the direction of the incoming quark grows with

the rapidity cut and with the invariant mass, and it is higher for the up quarks
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High rapidity measurements

Enhancing the rapidity cut we
tend to the “true” AFB.

The partonic luminosity of the

down quarks is suppressed.
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Yqq
The AFB” in the high rapidity limit is
produced by the ut interaction.

We are more likely to pick up the
direction of the incoming quark (more

energetic than the antl_quark)' For /Y] > 4.5 the down quarks contribution to the

AFB is ~ 20% at the Z pole (CT14NNLO prediction).

We have a direct observation on the up quarks PDF in the high-x
region and a on the anti-up quarks in the low-x region.
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High rapidity measurements

Push to the l|m|t IY/> 4.5

(contribution of down quarks reduced to ~ 20%)
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AFB observable in xFitter

Implementation of ReactionAFB:

~ Suited C++ code has been developed for the study of the sensitivity of PDF
uncertainty on the reconstructed Forward-Backward Asymmetry data.

~ Theory predictions for the observable are computed at LO.

- Parameters of the calculations added in the “.yaml|” card for better flexibility.
> Collider energy
> Acceptance cuts

> Rapidity cuts

~ Integration routine from GSL library:
 integration : QAG
Adaptive Gauss-Kronrod integration with 61 point Gauss-Kronrod rule.
> Analysis on one PDF eigenvector in about ~ 1 to 2 minutes.

- Source code uploaded on the gitlab repository in the xFitter “AFB” branch:
https://qitlab.com/fitters/xfitter/tree/afb

Juri Fiaschi DIS-2019 11/04/2019
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