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OUTLINE

* Introduction:

= Simultaneous fits of PDFs and physics parameters at the LHC

* The SImuNET methodology
(based on S. Iranipour, MU, arXiv:2201.07240)

= The approach

= Application to the determination of PDFs and SMEFT coefficients

* Conclusions and outlook
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EXTRACTING PHYSICS PARAMETERS FROM LHC DATA

1 Ndat

v Abundance of precise LHC data allows to extract
information on SM and BSM parameters & non- X = Naor Z (T:({0},{c}) — )COV (T5({0},{c}) —

perturbative objects such as PDFs with =1

unprecedented precision
Ti({0},{¢}) = PDFs({0}, {c}) ® 6:({c})

* | B)SM parameters: as(M,), My, 6,,,SMEFT WCs.....

Parameters determining PDFs at initial scale

Deep Inelastic Scattering

Fixed-Target Drell-Yan

Drell-Yan Rapidity Distribution

Drell-Yan Mass Distribution

Heavy Quarks Total Cross Section

Jet Transverse Momentum Distribution

106 ] Drell-Yan Transverse Momentum Distribution

Heavy Quarks Production Single Quark Rapidity Distribution

107 ]

VAD>PAQSS

Heavy Quarks Production Rapidity Distribution
Jets Rapidity Distribution

5 ® Dijets Invariant Mass and Rapidity Distribution
10”7 & photon Production

O Black edge: New in NNDPF4.0

® % 0

v In a PDF fit typically

‘ T:({0}) = PDFs({0},{c = ¢}) ® 6i({c = ¢})
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NNPDF4.0, Ball et al, arXiv: 2109.02653
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EXTRACTING PHYSICS PARAMETERS FROM LHC DATA

v Abundance of precise LHC data allows to extract

information on SM and BSM parameters & non- X

1 Ndat

o 2 ({6} {e}) -

7.=1

j(10},1ch) —

)Cov (T

perturbative objects such as PDFs with
unprecedented precision
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Ethier et al, arXiv: 2105.00006

T;(10}, {ep) = PDFs({0}, {c}) ® di({c})

* | B)SM parameters: as(M,), My, 6 ,SMEFT WCs.....

Parameters determining PDFs at initial scale

v In a PDF fit typically
Ti({0}) = PDFs({0},{c = ¢}) ® 6:({c = ¢})

v In a fit of (B)SM parameters

T;({c}) = PDFs({0},{c}) ® 6:({c})



EXTRACTING PHYSICS PARAMETERS FROM LHC DATA ;

1 Ndat

v Abundance of precise LHC data allows to extract

information on SM and BSM parameters & non- X = Nyt Z (T:({0}, {c}) — )COV (T5({0},{c}) —

perturbative objects such as PDFs with =1

unprecedented precision
Ti({0},{¢}) = PDFs({0}, {c}) ® 6:({c})

Extraction of as(M,)from inclusive jet xsec * | B)SM parameters: as(M,), My, 6 ,SMEFT WCs.....

@ 015t . Parameters determining PDFs at initial scale
0.14F .
- 4 ] In a PDF fit typicall
0.12++ .gH. * - vIna it typically
Nipuaas St NE T,({6}) = PDFs({6}. e = &}) @ d({c = &})
0.081 -
f Vv In afit of (B)SM parameters
0.06F .
w Ti({c}) = PDFs({}, {e}) © 6u{c))
(a) 0< |y| <0.3 or - for example in case of as(M,) -

T;({c}) = PDFs({0}, {c}) ® &:({c})

Malescu, Strarovoitov, arXiv: 1203.5416



SIMULTANEQUS FITS FOR SM PARAMETERS

» Given the strong correlation between

PDFs of the proton and a, a non

simultaneous determination of a

along with the PDFs from LHC
processes might yield misleading

results

ABMP15

—— tq + tb data, PDFs fixed
tq data, PDFs fixed

O tq + tb data, PDFs fitted

M
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m,(m,) (GeV)

Alekhin, Moch, Their 1608.05212
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0 19_ .H1(mw+,mz,PDF)withGFasinput E
T A HIe™ C
- % PDG 2017 H1:
0.18'..|....|....|....|....|....|....|....|....|..'
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0.130

600

Z E)T
Qs = 0.1240 + 0.0011 N=379

0.125

0.120
Qs

0110  0.115

Forte, Kassabov 2001.04986

» Correlation of PDFs and the EW

parameters or m; weaker than in the case
of a5, but the very high accuracy which is

sought suggests that the effect of
simultaneous determination is not

negligible

0.130
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0.1260
0.1255

0.1250

o
=
N
»
w

04

0.1240

Preferred as

0.1235

0.1230

0.1225

0.1220

» Similar considerations for fits of polarised/

unpolarised PDFs, proton/nuclear PDFs or
PDFs and FFs (universal fits)



SIMULTANEQUS FITS FOR PDFS AND SMEFT

2.0
» Interplay between PDFs and new physics not negligible [carrazza et al, r

1905.05215][Greljo et al, 2104.02723] [Liu, Sun, Gao, 2201.06586] [CMS collaboration 2111.10431] ‘

: : : 1.0
» Crucial to assess to what degree new physics might be absorbed ,~\
I
in PDFs and how PDF treatment affects new physics bounds _ 05 '
<

» DY @ Run I+1I: effect visible but within PDF uncertainties. % 0.0-
» DY @ HL-LHC not accounting for interplay leads to over- > o5

constrained bound [Greljo et al, 2104.02723] '
» CMS analysis on inclusive jet cross section points to a non- —10% _ ov pDFs

negligible interplay (cws collaboration, 2111.10431] -1.5{ — SMcons. PDFs

—— SMEFT PDFs
_20 T T T T T T T
CMs NLO Hessian fit uncertainties 200 —— ————————— —20 —15 —10 —05 00 05 10 15 20

< 0.35F 2= m2 = — total H Y 4

a.. - _ uf m; —— total+p M W(Xlo )

X 03 CMS13TeV jets & ti + HERA r -~ 160HEAR 141l ]

?3253 O sm 150+ —-- Unc. at 90% CL []

- A=10 Te —— Central value |
o /) SMEFT LL CI 10 TeV C | val R

ool | ] These results point towards the need of
S EN\ d c c c c
TN i new generation of global fits, in which all
50 i f . . .
| I ingredients that enter theoretical
ok T ./ ST predictions are treated consistently.
e S - - -10 -5 0 5 10
10 10 10 10 X 6//\2 (Tev_z)

CMS collaboration, 2111.10431 Liu, Sun, Gao, 2201.06586



THE SIMUNET METHODOLOGY




SIMUNET: A DEEP-LEARNING BASED SIMULTANEQUS FIT

Input Hidden Hidden PDF
» The idea: take a PDF fit based on NNPDF4.0 layer layer 1 layer 2

methodology [R. Stegeman’s talk] and make
dependence of observables on physics
parameters {c;} explicit via fast interface
before computing the loss function (e.g.
adding SMEFT corrections, expanding
observables in terms of SM precision
parameters)

flavours

» Perform minimisation of loss function over

5 | @A\ AR

by adding new layer to the deep neural
network used in NNPDF4.0

» Can expand dependence on ¢ beyond
linear terms in T (up to generic power in
polynomial expansion) by adding non-
trainable edges

4/14

Convolution Theory
step prediction

CN-1 5 g

o

\
\
\
\
\
\\\
\
N
\\
N \

2({ci}) are pre-computed
tables for fast interface
accounting for PDF
evolution and part. xsec

S. Iranipour, MU - arXiv: 2201.07240
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APPLICATION TO SIMULTANEQUS DETERMINATION OF PDFS AND SMEFT WCs

e Case study at higher energy: EW oblique corrections in high-mass NC and CC

A

- i 14 Y
Drell-Yan tails. | Porrr D — — (Dlej’y)2 - — (apB/w)z
e W and Y parametrise the self-energy of gauge bosons and are powerful probes My My
of quark-lepton contact interactions that produce effects that grow with energy
[Torre et al, 2008.12978]
Combined bound
| T T | | LHC@13TeV | =-=--= £=100fb"']
0.75F . | : Z-u
PN : : e 1 S R L =300fb~"
/ ’ i ' W — v 1 [ —3ab!
0.5L "\ i Combined 1 L o ST : Only Stat
\ solid: 68% CL ‘ by ey ] No Exp
dashed: 95% CL
o 0.25) j N N 3 No Syst
L
X Fm——— E 4 Gy ] Baseline
s 0 1 ]
E b=———f ' + ———— ] Half PDF
—0.95L i _ F=———f 4 1 Gmm——i ] No PDF
i i \\‘\\ \‘) 1 Fm———| - + ] ] No TH
LHCQ13TeV | ! - d ‘ ]
025 0 T 0925 05 T T T - 00500 PDF set: PDF4LHC15_nlo_30_pdfas

Torre et al, 2008.12978 W x 103



APPLICATION TO SIMULTANEQUS DETERMINATION OF PDFS AND SMEFT WCs
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* We performed a similar analysis as in Torre et al, now with emphasis
on PDF and their interplay with bounds on oblique operators
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]
[Iranipour, MU, Voisey: 2201.07240]

® Settings:
= PDF fit based on DIS (~3000 data points), Drell-Yan on-shell and low-mass
data from ATLAS, CMS and LHCb (~600 data points)
= + Run | and Il ATLAS and CMS high mass NC Drell-Yan data (~300 data
points)
= SM predictions at NNLO QCD + NLO EW

Exp. Vs (TeV) Ref. L (fb71) Channel 1D/2D Ndat mp* (TeV)
ATLAS 7 1171 4.9 e~et 1D 13 1.0, 1.5]
ATLAS (¥) 8 83 203 oot 2D 46 [0.5, 1.5]
CMS 7 [118] 9.3 ppt 2D 127 0.2, 1.5]
CMS (*) 8 84  19.7 oot 1D 41 [1.5, 2.0]
~et, yut 43, 4
CMS (*) 13 9 51 < FHEp 3 43 1.5, 3.0]
s 43
Total 270 (313)

102_

100_

10—2_

10—4_

10—6-

2.0 -
1.5 -

1.0

0.5 -

0.0

NLO QCD

NNLO QCD

NNLO QCD + NLO EW
CMS 13 TeV (u*tu~)

i :

T T

™ ..2 T T T 3

Greljo et al, arXiv:2104.02723



APPLICATION TO SIMULTANEQUS DETERMINATION OF PDFS AND SMEFT WCs
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* We performed a similar analysis as in Torre et al, now with emphasis

on PDF and their interplay with bounds on oblique operators
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]

[Iranipour, MU, Voisey: 2201.07240]

® Settings:

= PDF fit based on DIS (~3000 data points), Drell-Yan on-shell and low-mass

data from ATLAS, CMS and LHCb (~600 data points)

= + Run | and Il ATLAS and CMS high mass NC Drell-Yan data (~300 data

points)
= SM predictions at NNLO QCD + NLO EW
= SMEFT corrections added via local K-factors

dosmerT = dosm X Kgpr
Nop Nop
Kgrr = 1+ Z CnRé?v)IEFT + Z Cncngl:;InEz‘,%‘T

n=1 n,m=1

Rég/)IEFT = (‘CZ‘NLO ® do. z(gn)SMEFT) / (Ci-\}NLO ® doijsm) , n=1

m)  _ [ pPNNLO o g~(n, NNLO o gA
Rglt/lrg%‘T = (Ez'j ®dagfsn134)EFT) /(L350 ®doijsm) , n,m=1

...,nop

...,nop

CMS 8 TeV, L = 19.7 fb~?

os5] — Relative exp. uncertainty
| — Kerr—1, W= —10"3
041 — Kgr—1,Y= —1073
0.3 1
0.2 1
0.1 1
0.0 - T T T T T T
250 500 750 1000 1250 1500 1750 2000
my [GeV]
1.25 W= _ 10—3
—— SMEFTsim k-factor
1.20 | —— SMEFTsim k-factor with cuts
—— Analytic k-factor
S 1.15
o
~
v 1.10
1.05
o /,_;—'_

200 400 600 800 1000 1200 1400

Mee [GeV]
Greljo et al, arXiv:2104.02723
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APPLICATION TO SIMULTANEQUS DETERMINATION OF PDFS AND SMEFT WCs

* In the previous analysis, a scan in the (W,Y) parameter space was made T — f1( ) ® f2 ) ® J(W)
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]

1. Take data, make theoretical predictions accounting for
operator in partonic cross section and PDFs.

2. Compute chi2 as a function of WCs (Wilson Coefficients)

3. Minimise chi2 and find best-fit and C.L.s of WCs

4. Extract bounds

T = figsm ® fo.Bsm ® Gpsm

SMEFT PDFs / Simultaneous fit

\
\\
1 & \ . smpDFs
2 = — -1y —=T. N )
X = Z (D; = T) (cov™); (D; — T)) N // —— SMEFT PDFs
dat ij=1 0 S T
~10.0 -7.5 =50 -2.5 0.0 25 50 7.5 10.0

W(x104)



THE SIMUNET ANALYSIS

e With SimuNET we can do a truly simultaneous fit, rather than a scan in benchmark point and it does not have limit
in number of parameters that can be fitted alongside PDFs at the initial scale!
[Iranipour, MU, Voisey: 2201.07240]

Linear dim-6 operator

Input Hidden Hidden PDF Convolution SM SMEFT N
layer layer 1 layer 2 flavours step Observable Observable T(G) — 2({Cn}) IO (0) = TSM (0) . <1 -+ Z CnRé@IEFT)
n=1

TSM(@) — YSM | LO(O)

C1
A
N1
ey

S.Iranipour, MU - arXiv: 2201.07240



THE SIMUNET ANALYSIS

e With SimuNET we can do a truly simultaneous fit, rather than a scan in benchmark point and it does not have limit

in number of parameters that can be fitted alongside PDFs at the initial scale!
[Iranipour, MU, Voisey: 2201.07240]

Linear dim-6 operator

N
T(0) = S({ea}) - L°6) = TS(6) - (1 +3 " cRY) )
n=1

Input Hidden Hidden PDF
layer layer 1 layer 2

Convolution SM SMEFT
flavours step Observable Observable

SMEFT

- TSM(O) — YSM | LO(O)

Quadratic dim-6 operator

C1
AN
N1
ey

N
T(9) = TSM(6) - (1+chRé’;iEFT+ Y RS )
n=1

SMEFT »
1<n<m<N

SM “ SMEFT l
Observa% C:Newabl Cn Cm
S

e
SN Ci1 -~ T LA

S. Iranipour, MU - arXiv: 2201.07240




RESULTS: DRELL-YAN DATA @RUNT AND RUN2

Distribution for W coefficient

" Simultaneous PDF
' Fixed PDF

Distribution for Y coefficient

" Simultaneous PDF
' Fixed PDF

10/14

Distribution of W & Y best fits
over MC reps with fixed SM
PDFs (baseline)

Distribution of W & Y best fits
over MC reps with PDFs fitted
alongside them



RESULTS: DRELL-YAN DATA @RUNT AND RUN2

Distribution for W coefficient Distribution for Y coefficient
" Simultaneous PDF 300 - " Simultaneous PDF
 Fixed PDF " Fixed PDF ) ) ) )
250 ; o Distribution of W & Y best fits
200 - B over MC reps with fixed SM
200 A .
o " PDFs (baseline)
S 150 - 5
S G 150
100 | 100 | . . . .
Distribution of W & Y best fits
50 50 - . .
over MC reps with PDFs fitted
0 O 3 5 1 4 1 5 alongside them
qq luminosity gq luminosity
Vs =14 TeV Vs =14 TeV
2 Baseline (68% c.l. 2 Baseline (68% c.l.) M
1.06 - ; SVPDIF (6(86"/ao£.l.)” 1.06 4 ; Y PDF (68% c.l.) Same Comparlson for
Lo quark-antiquark luminosity
v v
= = 1.02 A
3 3
2 2 1.00
[e] o
= % 0.98 1
o o

0.96 -

0.94 -

102 1l03 102 1'03
my (GeV) . (GEV)
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RESULTS: DRELL-YAN DATA @RUNT AND RUN2

v Simultaneous analysis confirms results

200 - of previous study based on scan on
: benchmark points in the SMEFT space:
0. with current data effect is not-negligible
. but small compared to PDF uncertainties
81 v Methodology able to find flat direction
in W-Y parameter space
~ 67
|
g v To eliminate it, need Drell-Yan charged
>4 current data
2 -
O .

_5 —4 -3 —2 —1 0O 0 200



RESULTS: DRELL-YAN DATA @HL-LHC

Ratio to Data

Relative error (%)

e Add HL-LHC projections for both NC and CC in PDF fit

1.1
1.0
0.9

10':

0_71;111hc = afh (1 + )\5ZXP +

Nsys

opb =1 (6™ + Y
j=1

ot,?

1/2

2
sys
(fred,j 6:; )

HL-LHC HM DY 14 TeV - neutral current - electron channel

-Li.?i-i?i.#; +; *_

n Pseudodata
* DY+ DIS

[

T T T

Statistical error
Systematic error

500 1000 1500 2000 2500
my (GeV)

3000 3500 4000

Ratio to Data

Relative error (%)

. A EXP — .
;04 ), i=1,...,Nbin

Kin
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ematic coverage

® e B 4 AV >

top-quark pair
high mass DY
forward W, Z
direct photon
inclusive jet
Zpr
W+charm

HL

T
H

-LHC 14 TeV, pseudo dataé ...;
b s

" = nExE I

R T O
s § o EibdaVa l'j

10~4

HL-LHC HM DY 14 TeV - charged current - electron channel

124 % Pseudodata
* DY +DIS
i |l
10{mmmn o o & & & & § # }.H}'
0.8 -
. [ ]
10{ e Statistical error . *
o Systematic error e ¢
ooo o o =] o n a o o n} o o o
11 . °
® [ ]
° L ]
0.1 l. T T T T T T
500 1000 1500 2000 2500 3000 3500

mt (GeV)

10-3 10-2 10-1 10°

Abdul-Khalek et al, 1810.03639

+ muon channel



RESULTS: DRELL-YAN DATA @HL-LHC

Y/10™™

250 -

0 | I 1 1 1

1.5 - Simultaneous PDF
Fixed PDF

1.0 -

0.5 1

0.0 1

—0.5 -

—1.0 -

~1.5 ~1.0 —0.5 0.0
W/10~4

0.5 0

200

1.10 1

1.08 A

1.06 A

1.04 1

1.02 1

1.00 1

0.98 A

Ratio to HLLHC Baseline

0.96 1

0.94
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qqg luminosity
Vs =14 TeV

[ HLLHC Baseline (68% c.l.)
[ HLLHC WY PDF (68% c.l.)

102

103
My (GeV)

v Simultaneous analysis confirms results of previous study based on scan on benchmark points in the SMEFT space: at
HL-LHC the effect of interplay becomes important as WCs bounds broaden and PDFs change significantly once
SMEFT effects allowed in theory predictions entering PDF fit
v Stress-tested and shown robustness with closure tests
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CONCLUSIONS AND QUTLOOK

While huge progress made in determining key ingredients of theoretical predictions from the data, PDFs, a,

SMEFT WCs coefficients, it is not yet evident how to combine all these partial fits into a global interpretation
of the LHC data

Time to wok on new generation of global fits, in which all ingredients that enter theoretical predictions are
treated consistently.

SimuNET methodology based on an extension of the NNPDF4.0 NN architecture, allows the addition of an

extra layer to simultaneously determine PDFs alongside an arbitrary number of physics parameters that enter
predictions.

Proof-of-concept on simultaneous determination of W and Y oblique parameters and PDFs from DIS+DY fit

Lots of exciting avenues being explored:
Determination of PDFs and o (Stegeman et al)
Determination of PDFs and SMEFT coefficients in the top sector (Kassabov, Madigan, Mantani, Moore, Morales, Rojo, MU)
Systematic study of new physics contamination in PDF fits
Determination of PDFs and electroweak parameters

THANK YOU FOR YOUR ATTENTION!
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FAST INTERFACE FOR THEQRETICAL PREDICTIONS

T: Theoretical prediction for experimental measurement | in a fit

Tr = X7 - r° > 2I(C) — [&(C) ® F(C)]I

Depending on parameter to fit
alongside PDFs, its dependence

2): Pre-computed FK-tables (including both partonic cross section might appear in either/both ¢ and I

and evolution kernel from Qg to Q

/ as(Mz) = 0.118 \ » Need to include a fast interface to parameter dependence to
sin? Oy (Mz) = 0.23 the fast interface of initial scale PDFs
My, = 80.4 GeV/c? N
2= % Mz =91.2 GeV/c2 T(0) = TM(0) - (1 + Z%Réqt/)IEFT + Z cncngK,’I"é%‘T,)
. n=1 1<n<m<N
\ ¢, =0 ) RglelEFT = (LE'NLO ® da’&'(Z)SMEFT) / (Eg'NLO ® daij,SM) , n=1...,N
Ryiger = (L0 © d6gvper) / (CNV© © doyisn) , mym=1...,N



FAST INTERFACE FOR THEQRETICAL PREDICTIONS

T, =%; - L°

T: Theoretical prediction for experimental measurement | in a fit
2): Pre-computed FK-tables (including both partonic cross section

and evolution kernel from Qg to Q

[ 0y(Mz) =0.118 )
sin2 Ow(Mz) =0.23
My, = 80.4 GeV/c?
MZ = 91.2 GeV/c2

| a0

- 2r(c) = [6(c) @ T(c)];

Depending on parameter to fit
alongside PDFs, its dependence

might appear in either/both o and I

» Need to include a fast interface to parameter dependence to
the fast interface of initial scale PDFs

40- n
1

/ \
7 1
15- [/ ¥
/

/
1.0+ +
1 1 1 T ¥ ]
0.115 0.116 0.117 0.118 0.119 0.120
a.




ANALYSIS METHODOLOGY

* We performed a similar analysis as in Torre et al, now with emphasis

w

on PDF and their interplay with bounds on oblique operators
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723]

1 Nyt
[)(2 = Z (D;-T) (COV_l)ij (Dj - 7})]

n
dat ij=1

. Take data, make theoretical predictions accounting for

operator in partonic cross section with fixed SM PDFs.

. Compute chi2 as a function of WCs (Wilson Coefficients)

Minimise chi2 and find best-fit and C.L.s of WCs
Extract bounds

T =f1,SM ®f2,SM ® 6'BSM

SM PDFs

w

. Take data, make theoretical predictions accounting for

operator in partonic cross section and PDFs.

Compute chi2 as a function of WCs (Wilson Coefficients)
Minimise chi2 and find best-fit and C.L.s of WCs

Extract bounds

T =f1,BSM ®fz,BSM X 6-BSM

SMEFT PDFs / Simultaneous fit



ANALYSIS METHODOLOGY T = fi(0) ® fa(a) & 5(as)

NNPDF2.1 NNLO Global /

4020

- e , , Parabolic Fit ——
e We performed a similar analysis as in Torre et al, now with emphasis 4000
on PDF and their interplay with bounds on oblique operators 3980
[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723] 3960
e Methodology for simultaneous fit is similar to the one adopted in "= 3940
fits of as from a global fit of PDFs 3920
3900
3880 : : : ; A :
2 1 & _1 0.109 0.111 0.113 0.115 0.117 0.119 0.121 0.123 0.125
X = (D; = T;) (cov™); (D; — T)) Ball etal, 1110.2483 ¢ (M)
Rgar stz
i,j=1
1. Take data, make theoretical predictions accounting for 1. Take data, make theoretical predictions accounting for
operator in partonic cross section with fixed SM PDFs. operator in partonic cross section and PDFs.
2. Compute chi2 as a function of WCs (Wilson Coefficients) 2. Compute chi2 as a function of WCs (Wilson Coefficients)
3. Minimise chi2 and find best-fit and C.L.s of WCs 3. Minimise chi2 and find best-fit and C.L.s of WCs
4. Extract bounds 4. Extract bounds
T =f1,SM ®f2,SM Q® Ogsm r =fl,BSM ®fZ,BSM ® Opsm

SM PDFs SMEFT PDFs / Simultaneous fit



ANALYSIS METHODOLOGY

* We performed a similar analysis as in Torre et al, now with emphasis
on PDF and their interplay with bounds on oblique operators

50 4

[Greljo, Iranipour, Kassabov, Madigan, Moore, Rojo, MU, Voisey: 2104.02723] 301
N><
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e Methodology for simultaneous fit is similar to the one adopted in 20°
fits of as from a global fit of PDFs 10-
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1. Take data, make theoretical predictions accounting for 1. Take data, make theoretical predictions accounting for
operator in partonic cross section with fixed SM PDFs. operator in partonic cross section and PDFs.

2. Compute chi2 as a function of WCs (Wilson Coefficients) 2. Compute chi2 as a function of WCs (Wilson Coefficients)

3. Minimise chi2 and find best-fit and C.L.s of WCs 3. Minimise chi2 and find best-fit and C.L.s of WCs

4. Extract bounds 4. Extract bounds

T =f1,SM ®f2,SM ® 6'BSM

T =f1,BSM ®fZ,BSM X 6-BSM

SM PDFs SMEFT PDFs / Simultaneous fit



INTERPLAY @ RUN | AND RUN |I

€ Farina et al (1609.08157)
€  this work, SM PDFs :
201§  this work, SMEFT PDFs
---- SM PDFs - 2
—— SMEFT PDFs W (X104)
10+
ot I --------- -
~10}
0 ATLAS ATLAS,CMS ATLAS search
060 275 —to0 35 0o 25 50 75 1oc ~-100 =75 -50 -25 00 25 50 75 100 8TV T7,8,13TeV  L=139fb7":
W (x10%) Y (x10%) :
qq luminosity
: : : Vs =14 TeV
e With current data, PDFs are moderately affected by inclusion of 1.050 )
non-zero W and Y coefficients in the fit, mostly quark-antiquark o 1 o258 = xfg é%i:’ 4
luminosity within uncertainties g | —— W= -0.0008
® Broadening of individual bounds on W and Y once SMEFT PDFs S 1.000 4 =
are used (i.e. PDFs that have been fitted with consistent values of = 0.975
W and Y) is not negligible, but still within PDF uncertainties =
e [f SMEFT PDFs are used in determining bounds from ATLAS 0.950 73 103

search same mild broadening (larger than PDF uncertainties) mx (GeV)



INTERPLAY @ HL-LHC

e Compare Wilson coefficients bounds from HL-LHC projections assuming SM PDFs (that include NC+CC data) to
the bounds on the same Wilson coefficients obtained from a simultaneous fit of PDFs and Wilson coefficients

e Not accounting for interplay (using PDFs as a black box) leads to over-constrained bounds

* PDFs do absorb effect of new physics in this case!

o 2 m(max), W, Y
R ,(m™ W, ¥) = X my _ )A
22(120 GeV, W, )

aq luminosity

5 - —_
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% W= —-4x107, SMEFT PDFs L 12 W=0.4-1075Y=2-10"5 (HLLHC)
£ 1.05- — 1. : '
3 Y ? —— W=1.6-10"5Y=8-10"5 (HLLHC)
= <> W=4.0-10%Y =8-1075 (HLLHC)
~ 1.03 1 ~ 1.1 T
s L C”>
;g. 1.02 A <;
3 1.0 -
& 1.014 S
£ o
mk 1'00- 1 1 1 1 T 1 1 -; T T T
©
500 1000 1500 (rig(?o 2500 3000 3500 4000 B 102 103

Greljo et al, 2104.02723



PDFs AND ocs

PDFs and as strongly correlated (PDF evolution with the

scale and hard cross sections)

Cleanest determinations of as from processes that do not
require knowledge of the PDFs

A determination of asjointly with the PDFs has advantage
that it is driven by the combination of many experimental
measurements from several different processes.
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Ball et al, 1110.2483

= Early determinations involve a scan over asand ignored
PDF and as correlation in the fit

= Recent simultaneous determination of PDF and as using
correlated replica method

= Many determination of as from analyses of specific LHC
processes have been published recently ( from tt~, Z and
W production, jets)

= How reliable are such partial determination of as?



PDFS AND NEW PHYSICS

* In principle low-scale physics is separable from high-scale physics, BUT the complexity of the LHC environment

might well intertwine them.

* PDFs are low-scale quantities extracted from experimental data at all scales, without considering any potential

high-scale contamination due to new physics.

* (SM)EFT fits are performed by assuming a priori that PDFs are SM-like.
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PDFS AND NEW PHYSICS

* From the point of view of PDF fits:

= How to make sure that new physics effects are not inadvertently fitted away in a PDF fit?

* From the point of view of SMEFT fits:

= Should | make sure | am using a clean set of PDFs in a SMEFT analysis? How to define it? Is it enough?

= How would the bounds change if | was consistently using PDFs that include in the fit the same operators that

| am fitting?

T | dotPmat|= N
2,

fz R f] R dAZ]—)OLb

T T

f({ek}) LsmerT = Lsum + Z —0(6) + .

Simultaneous fits
can shed light on
their interplay

T({Ok};{ci})



PDFS AND NEW PHYSICS

® Deep Inelastic Scattering
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= Top pair production and single top
data included in SMEFT analysis
[Hartland et al 1901.05965] [Ellis et al 2012.02779]

= Dijets data in [Bordone etal 2103.10332]
[Alioli et al 1706.03068]

= Drell-Yan data in [Farina et al 1609.08157]
[Torre et al 2008.12978]
= |[nclusive jets in [Alte etal 1711.07484]

= Qverlap enhanced in HL-LHC
projections [Abdul Khalek et al,1810.03639]

Kinematic coverage
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Abdul Khalek et al, arXiv:1810.03639



Input Hidden Hidden PDF Convolution Theory
layer layer 1 layer 2 flavours step prediction
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