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The parton model for the proton

We search for NP at the LHC, where protons are smashed
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The parton model for the proton

We search for NP at the LHC, where protons are smashed
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NNPDF4.0 NNLO Q= 3.2 GeV

parton distribution 1.0 -
function (PDF)

Difficult to determine

on theoretical basis

(obtained through fits)
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PDF determination

Kinematic coverage

Data driven determination

Fixed-target DIS
Collider DIS
Fixed-target DY * o,

Collider gauge boson production * % LA
Collider gauge boson production+jet
Z transverse momentum x & & %
Top-quark pair production * k%
Single-inclusive jet production
Di-jet production *
Direct photon production
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Data driven

Kinematic coverage

PDF determination

.!zi*tt*ﬂt“*t*’ﬂ W& & 'g’n“”"gmg‘“ a

Measurements

Theory assumptions
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Could PDFs conceal NP?

q%i”{'g?rséby PDF parametrisation

77 NNPDF4.0 no LHC (68 c.|.+10) is flexible... extrapolation is tricky
‘77 NNPDF4.0 (68 c.l.+10)

S Central value /uncertainty
: pre-LHC badly estimated
=
“ 0.04 Separating datasets
0.92 - for PDF and NP is not optimal
101 10 N
my (GeV)
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Could PDFs conceal NP?

' luminosit o
q%i”{'g?rsévy PDF parametrisation

77 NNPDF4.0 no LHC (68 c.|.+10) is flexible... extrapolation is tricky
‘77 NNPDF4.0 (68 c.l.+10)

S Central value /uncertainty

: pre-LHC badly estimated

P

=

“ 0.04 Separating datasets

0.92 - for PDF and NP is not optimal
101 10 N
my (GeV)

We want to have as much kinematic coverage as possible, but...
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Could PDFs conceal NP?
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We want to have as much kinematic coverage as possible, but...

Is it possible that NP is being absorbed in the proton?
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Costantini et al. [2402.03308]

An e x te n d e d me t hO d 0 l 0 https:/ / github.com /HEP-PBSP / SIMUnet

Extension of the NNPDF framework

Input Hidden Hidden PDF Convolution SM SMEFT
layer layer 1 layer 2 flavours step Observable Observable
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Costantini et al. [2402.03308]
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Extension of the NNPDF framework
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Extension of the NNPDF framework
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https://github.com/HEP-PBSP/SIMUnet

Kassaboo et al., [2303.06159]

Going beyond: simultaneous fits

SMEFT-PDF interplay in o I
top quark sector :ig [ HﬁH" _ ” H HH“‘

Moderate effect on WC, ~ 5-10% ° =201 Fixed-PDF fit

_30_
0] Simultaneous fit .
O(1/A\°) fit
S [N S Y Y s o S O N N
S S S é
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Kassaboo et al., [2303.06159]

Going beyond: simultaneous fits

SMEFT-PDF interplay in 20- I
top quark sector 12 [ HﬁH" _ “ - HH”‘

Moderate effect on WC, ~ 5-10% “2°1 " Fixed-PDF fit

Simultaneous fit

0 O(1/A%) fit

gg luminosity —50 - — | —
13 TeV S @Ue’ iug O C);" S X *¢ T T T oo‘ug oo‘ug LS MRS IS M S ¥ ._.;)8_ .—.‘Ug

> > & e

"7 SMEFT PDF (all top data) (68 c.l.+10) S S S S

1.05 ‘"7 NNPDF4.0-notop (68 c.l.+10) - —= SM —

. — ) _
. ‘==: fit H (SM, all top data) (68 c.l.+10) 95% CL S.MEFT PDFs, full top <.:Iataset
== 95% CL Fixed-PDF EFT analysis, full top dataset

0.90 -

Ratio to NNPDF4.0-notop
o
O
Ul

851 Shift in PDF of the same order
ot 1w e
my (GeV)
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Kassaboo et al., [2303.06159]

Going beyond: simultaneous fits

SMEFT-PDF interplay in 20- I
top quark sector g [ HHH" _ ”H HHH‘

Moderate effect on WC, ~ 5-10% “2°1 " Fixed-PDF fit

Simultaneous fit

40 O(1/A?) fit
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1.05 - ‘== fit H (SM, all top data) (68 c.|.+10) —— 95% CL SMEFT-PDFs, full top dataset
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o
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NP contaminated fits

SIMUnet allows for generation of pseudodata containing NP

1 = T(QSMa HNP)
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NP contaminated fits

SIMUnet allows for generation of pseudodata containing NP

1 = T(QSMa HNP)

Then, perform a PDF fit assuming 8y, = 0 using the NNPDF methodology
(standard SM PDF fit)
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NP contaminated fits

SIMUnet allows for generation of pseudodata containing NP

1 = T(QSMa HNP)

Then, perform a PDF fit assuming 8y, = 0 using the NNPDF methodology
(standard SM PDF fit)

F1(0) © 1:(0) ® b ~ fiITe @ fire @6

N\

Functional form parameters (e.g. NN weights)
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NP contaminated fits

SIMUnet allows for generation of pseudodata containing NP

1 = T(HSMa HNP)

Then, perform a PDF fit assuming 8y, = 0 using the NNPDF methodology
(standard SM PDF fit)

F1(0) © 1:(0) ® b ~ fiITe @ fire @6

N\

Functional form parameters (e.g. NN weights)

Assess whether we can mimic the modified interactions with “wrong” PDFs!
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Can the W’ hide in the proton?

Suppose the underlying laws of nature are

Jit = Z fLT" fr

50- NNPDF40 nnlo_as 01180 Q= 10.0 GeV fL
W
_ o - ; )
My
1.0
0O =0SM TONP
0.0
105 10% 10 102 10 10° “Real” partonic cross-section

X

“Real” proton structure
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Can the W’ hide 1n the proton?

2.0 A

1.5 1

1.0 -

0.5 A

~ NNPDF40_nnlo_as_01180 Q= 10.0 GeV

Suppose the underlying laws of nature are

O =0SM TONP

0.0

10—>
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Kinematic effects
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NNPDF4.0 dataset +

Kine m a tic e ec t S HL-LHC DY projections [arXiv: 2104.02723]

s DIS NC Kinematic coverage
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Contaminated PDFs
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Contaminated PDFs

ud + dd luminosity

Vs =14 TeV
- Underlying law
N\ "0, Contaminated W=8e-5 (68% c.l.+10)
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5
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C
E’-
9]
T 0.8 )
D N
= R
©
a'd
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101! 10° 10°
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0.9
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0.8 1
0.7 1
0.6
10t 102 103
my (GeV)

Huge shift and yet we find a good fit to the data!
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Contaminated PDFs
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102 103

Mx (GeV)

Huge shift and yet we find a good fit to the data!

Ratio to Underlying law

ud + dd luminosity
Vs =14 TeV
- Underlying law

&‘\ .1 Contaminated W=8e-5 (68% c.l.+10)
1.0 = ————c—— =
0.9

X
N
0.8 1
0.7
0.6
10t 102 103
my (GeV)

Large-x behaviour in PDFs is not constrained:
especially anti-quark PDFs allow for NI’ absorption
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Data-theory comparison

NC DY
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Data-theory comparison

NC DY
T T T T T T 1
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PDF shift is completely

compensating the NP effect
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Disentangling the effects

Can we use forward V production to spot the contamination?
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Disentaneling the effects

Can we use forward V production to spot the contamination?
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0.005‘ —————— e ————— — ——————— - ———— - ————— - e e ——— o ————— — — ——————— S —— S —
g - Statistical error gOOOI i — Statistical error 7
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Disentaneling the effects

Can we use forward V production to spot the contamination?

NC DY
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Disentaneling the effects

Can we use forward V production to spot the contamination?
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Future low-energy measurements
(e.g. EIC programme)
could provide crucial input for PDFs!
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Conclusions

* The PDF-EFT interplay could be crucial: wrong PDFs can in principle
mimic EFT corrections.

* UV completion exist that can be absorbed in the PDF parametrisation.

Current kinematic coverage of PDF datasets is insutficient, forward
facilities and DIS experiments will provide vital input.

* The SIMUnet methodology offers the possibility to study such scenarios
and potentially disentangle the EFT effects in the PDF extraction.
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The common approach

Typically fits of physics parameters and PDFs do not talk
o(C,0) = f1(C,0) ® f2(C,0) ® 6(C)

PDFs extraction

NNPDF4.0 NNLO Q= 3.2 GeV

Physics parameters

* Fix PDF parameters C, &
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The common approach

Typically fits of physics parameters and PDFs do not talk
o(C,0) = f1(C,0) ® f2(C,0) ® 6(C)

PDFs extraction

Physics parameters
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The quest for New Physics

Direct search (Bumps)
Indirect (scouting tails)

New physics is heavy

= E > Euc

Framework to describe both precision physics and Heavy New Physics

Standard FT)|
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Spurious New Physics
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Spurious New Physics
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Fit metrics

m DY 14 TeV - charged current - muon channe

AHCH
HL A TeN - charged current _ electron channe\

LHC KM pY 1
- m DY 14 TeV - r\eutra\ current - muon channe\
qHcH
HL Y 14 TeV - neutra\ current - electron channe\
D

. HM DYE 906 oDYIo%Y
DY £886 Ob¥
nuTeV Gc

LLuca Mantani

-0.0453 |

0.0182
-0.145
-0.08971

-0.0265
l 0.0777
-0.0683 |
0.0195

0265

0.799
0.705
.250

1.39

0.356
0.257
134

0.145
0.226
.B7E-3
-0.0824
-0.188 ‘

24

F 1.75
| .0380

X~ — 1

Baseline: SM pseudodata N, =

4.94
0.308
-0.0662
-0.0897 ‘

5.56
0.425
-1.55E-3
|0.0195

0.495
0.0573
0.0660

0.0380

—

7.88 0.526
0.0984
] 0.0805
I 0.0265

3.20
0.865
0.164
) Io.14s ,
mn baseline e baseline
e Y=5e-5 2.03 0 W=3e-5
. Y=15e-5 0.268 W=8e-5
m Y=25e-5 j 00839 W=15e-5

0.2

X

\Flagged



Fit metrics

m DY 14 TeV - charged current - muon channe

AHCH
HL A TeN - charged current _ electron channe\

LHC KM DY 1
- m DY 14 TeV - neutral current - muon channe\
HCcH
HL 14 TeV - ne tral current - electron channe\
DY

. HM DYE 906 om:o%,,
DY £886 Ob¥
nuTeV Gc

Luca Mantani

-0.0453 |
0.0182

-0.145

'0.08971

-0.0265
l 0.0777
-0.0683 |

0.799
0.705
250

1.39

0.356
0.257

134
0.145
0.226
.B7E-3
-0.0824
-0.188 ‘

24

Baseline: SM pseudodata

7.75
| l—0380 ]

7.88
I.0265 T

baseline
Y=5e-5

Y=15e-5
Y=25e-5

v — 1

Ny =

0.2

X

4.94

5.56

\Flagged

—

3.20
0.865
I 0.164
0.145
baseline
2.03 —
0 g::: W=8e-5
0.188 |I s

W b 8 10_5, MW’ N 14 Te\/'
Absol‘bed



BSM scenarios
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Ratio observables

Observable which isindependent of PDFs
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Ratio observables
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Observable which isindependent of PDFs

Ratio of WW and DY:

prediction has suppressed
dependence on PDF



Ratio observables

Observable which isindependent of PDFs
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