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Data driven era of particle physics

vast quantity of data =——» precision measurements

-

ATLAS

EXPERIMENT

Run: 304337
Event: 588288156
2016-07-23 19:55:07 CES




ATL-PHYS-PUB-2022-009

Standard Model Total Production Cross Section Measurements Status: February 2022
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Beautiful agreement between data
and the Standard Model

New channels probed in Run Il

ATL-PHYS-PUB-2022-009

Standard Model Total Production Cross Section Measurements Status: February 2022
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Where is the new physics beyond the Standard Model?

Evidence comes from neutrino oscillations, dark matter, ....

J
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ATLAS Search for a new heavy gauge boson
decaying into a lepton + missing transverse
momentum

1706.04786

ATLAS

EXPERIMENT

Run: 304337
Event: 588288156
2016-07-23 19:55:07 CEST



ATLAS Search for a new heavy gauge boson
decaying into a lepton + missing transverse
momentum

1706.04786
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ATLAS
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Event: 588288156
2016-07-23 19:55:07 CEST



Indirect searches for new physics

Could BSM particles be heavy and out of reach? ANP > E

do A

dmgg

Lew physics

Myy SM

e.g. high-mass Drell-Yan tails
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Indirect searches for new physics

Could BSM particles be heavy and out of reach? ANP > E

do A

dmgg

Aew physics

SM

Indirect searches benefit from precision measurements.
e.g. high-mass Drell-Yan tails
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The Standard Model Effective Field Theory

Assume new physics is heavy: A > F

Integrate out the new physics particle to obtain interactions of the SM fields.

Assume SM symmetries continue to hold and write down all possible interactions of SM fields:

C®) C\%
LsMEFT = L8M - OB 4 Z [{2 0§6) +...

A

Compute observables as a systematically improvable expansion in £ /A
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The global approach

_ top EW
Diboson
Cw .
A4— — — w ttV
The SMEFT framework connects different Cnn Coovn Cors C | Crre
sectors of observables measured at the LHC. Crp o0 o Cho | | Cow
Ciuw e || Cu

We need to take a global approach, ~ \Cﬂq Ciq Ch Cﬂy o
including as many relevant datasets as | CHG EWPO Qq
possible. tH

Co Cg; Cgr Cou

C.. C;, C}

2012.02779, J. Ellis, MM, K. Mimasu, V. Sanz, T. You

Maeve Madigan | Hide and Seek: how PDFs can conceal new physics University of Vienna 01.12.23



2.5

I SU(3)°: EWPO+Diboson+Higgs ) o (1TeV)?
2012.02779, J. Ellis, MM, 2.0 | m sU(2)2 x 5U(3)3: EWPO+Diboson+Higgs+top 95%CL marginalised; C; —
K. Mimasu, V. Sanz, T. You 5| Top operators: EWPO+top (incl ttH)
1.0
o IRIRETRTRS A
0.0 [T iy H 1] T H L] .H, ++ 1 ++ H .HH TR .. Ll $ H __ & by | !
0.5 T 8 . || 8 i
1.0 : | | :
-1.5
-2.0 § § §
o5 EWPO :Bosonic :Yukawa :Top 2F
ESUBTIUTII SIS0 ISIITRSES
~ TS S22 23¢9 o

Combination of Higgs, top, diboson and
electroweak observables constraining 34
coefficients of the dimension-6 SMEFT

IG@

—————

By — — — = = — = — =}
1
-
\Z222IED !
BEEREREEE ———m——————
——————————I
L '
I
1
1
[ ———
AL aasaEsarEisEsLrILLSEIEEIEIEIEEEERREEnS.
1
. !
S —
1
L e
RS

I

Maeve Madigan | Hide and Seek: how PDFs can conceal new physics University of Vienna 01.12.23



The top sector after Run |i Z. Kassabov et. al , 2303.06159
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Looking forward

Run || data already provides precise constraints on the top quark sector of the SMEFT

As constraints improve, subleading effects may no longer be negligible
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Looking forward

Run || data already provides precise constraints on the top quark sector of the SMEFT

As constraints improve, subleading effects may no longer be negligible
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Parton distribution functions

ATLAS

EXPERIMENT

Run: 304337
Event: 588288156
11 2016-07-23 19:55:07 CEST

A proton-proton collision



Parton distribution functions

PDFs parameterise the quark and gluon constituents of the proton

p= - ==

..............................
aa tteeaatt Lasattlaas caattteaa trnes e

Peskin and Schroeder, pg 565
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Parton distribution functions

PDFs parameterise the quark and gluon constituents of the proton
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J. Botts et. al, Phys. Lett. B304 159 (1993)
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Parton distribution functions

PDFs parameterise the quark and gluon constituents of the proton

NNPDF4.0 NNLO Q= 3.2 GeV

1.0 1

) NNPDF4.0, [2109.02653]
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Parton distribution functions

1 1
o :/ dxl/ o Z fq1 (zlaQQ)sz ($27Q2)6($17$2)
0 0

d1,4>2

L0- NNPDF4.0 NNLO Q= 3.2 GeV
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Parton distribution functions

1 1
o :/ dxl/ o Z fq1 ('Tlan)qu (5(327@2)6(331’:132)
0 0

d1,4q2
C

The SMEFT enters here: 6 = g\ - 12 OSMEFT + ...
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Parton distribution functions

1 1
o :/ dxl/ o Z fq1 (zlaQQ)qu (5527Q2)(A7(331’$2)
0 0

d1,4>2

Both PDFs and SMEFT are determined by fitting from data
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits SMEFT Fits
SMEFT parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = f1 (9) X f2(9) 029 5‘(5) O'(C, é) = f1 ((9_) X f2(6’_) X 5‘(6)
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits SMEFT Fits
SMEFT parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = f1 ((9) X f2(9) 029 5‘(5) O'(C, é) = f1 ((9_) X f2(6’_) X 5‘(6)

Typically PDF fits assume the SM:
c = ()
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Wilson coefficients: ¢
PDF-EFT Interplay PDF parameters: ¢

PDF fits SMEFT Fits
SMEFT parameters are kept fixed: PDF parameters are fixed:
O‘(E, (9) = f1 (9) X f2(9) 029 5‘(5) O'(C, é) = f1 ((9_) X fz(e_) X 5‘(6)

d

Typically PDF fits assume the SM: ————> PDFs used in SMEFT fits rely on
c =0 SM assumptions
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Kinematic coverage
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Kinematic coverage
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Kinematic coverage
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Overview

1. PDF-EFT interplay in high-mass Drell-Yan

2. Can PDFs absorb new physics?

3. Simultaneous PDF and SMEFT determination in the top sector
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PDF-EFT interplay in high-mass Drell-Yan

Greljo et. al 2104.02723
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PDF-EFT Interplay In high-mass Drell-Yan

Energy-growing 4-fermion operators manifest
as a smooth distortion of the high-mass tail:

do
dmw

A

T~

My
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PDF-EFT Interplay In high-mass Drell-Yan

q - Constraints on 4-fermion operators of the SMEFT:
E2
>< — > A~ A+ C R
i ¢
Energy-growing 4-fermion operators manifest 2

as a smooth distortion of the high-mass tail:

= ol \\
S N
do —2:—
A _

dmw

LEP I-Il

_6l CMS Vs=8TeV 19.7fb™"
" ATLAS Vs = 8TeV 20.3fb™

My

Farina et. al 1609.08157
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PDF-EFT Interplay In high-mass Drell-Yan

Constraints on the large-x region of the Constraints on 4-fermion operators of the SMEFT:
u and d PDFs:
uat 100.0 GeV -
sl
1.050 - 1 DIS+DY (68% c.l.) |
E 1 DIS+DY(noHM) (68% c.l.) i \
+ ol . \
N o :
A = ol \
_2—
O |
o ol
ad i LEP |-l
0.950 - o el _
Wx 103
X
Greljo et. al 2104.02723 Farina et. al 1609.08157
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Simultaneous PDF and SMEFT fit
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Simultaneous PDF and SMEFT fit

Data

Deep inelastic scattering + Drell-Yan

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb™1) Channel 1D/2D Ndat my* (TeV)

ATLAS 7 [120) 4.9 e~et 1D 13 1.0, 1.5
ATLAS (*) 8 [86]  20.3 et 2D 46 0.5, 1.5

CMS 7 (121 9.3 ppt 2D 0.2, 1.5]
8

CMS (*) 87]  19.7 et 1D 41 1.5, 2.0]

~et, ppt 43, 43
CMS (*) 122] 51 ee—zfi £ 1D p [1.5, 3.0]

Total 270 (313)

+ High Luminosity projections
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Simultaneous PDF and SMEFT fit

Data Theory benchmarks

Deep inelastic scattering + Drell-Yan Electroweak obliqgue parameters W, )A/

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb™1) Channel 1D/2D Ndat my* (TeV)

ATLAS 7 [120] 4.9 e—et 1D 13 1.0, 1.5] A
92 %4

2 A
ATLAS (*) 8 [86] 20.3 (et 2D 46 0.5, 1.5 LovirT = Lsv — gYY

O — L (YiYa O + V1Y, O,
m
%4

2
4mW

CMS 7 (121 9.3 ppt 2D 0.2, 1.5]
8

CMS (*)

87]  19.7 A 1D 41 1.5, 2.0] 1YY, Ol(;) +Y.Y; Opy + V.Y, Oy + V.Y, Oqe)

~et, ppt 43, 43
CMS (*) 122] 51 eg_; £ 1D ; [1.5, 3.0]

Total 270 (313)

+ High Luminosity projections
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Simultaneous PDF and SMEFT fit

Data Theory benchmarks

Deep inelastic scattering + Drell-Yan Electroweak obliqgue parameters VAV, ?

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb™1) Channel 1D/2D Ndat my* (TeV)
ATLAS 7 [120] 4.9 e"et 1D 13 1.0, 1.5] 914 9 <
ATLAS (* 8 86  20.3 oot 2D 46 0.5, 1.5 _ gW @) gy Y
) 6] ' ESMEFT—£SM—4 O, — =5 \1Ya O + 1Y, O
CMS 7 121] 9.3 u—ut 2D 127 0.2, 1.5 myy myy
CMS (* 8 87 19.7 A 1D 41 1.5, 2.0 1
) il 15, 20 £V O £V Vg Oca + YoV Ocu + YoY5 O )
e"et, pput 43, 43
CMS (*) 13 [122] 5.1 1D [1.5, 3.0]
A 43
Total 270 (313)
parametrises the impact parametrises the impact
of a flavour universal W’ of a flavour universal Z’

+ High Luminosity projections
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PDF-EFT Interplay In high-mass Drell-Yan

A2 ) i
— Y. fAH
q o+ JL Z ffV b
f
Energy-growing 4-fermion operators manifest Impacts only neutral-current DY:
as a smooth distortion of the high-mass tail:
do pp — 070~
do dmee A
dmg; 1
‘ /\ ) )
e ey
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PDF-EFT Interplay In high-mass Drell-Yan

2 N\
_ / [[
: : €.9. @ Livprr = Lsm ;] I

A2
1 " Jr = ZfLTGV“fL
/L
Energy-growing 4-fermion operators manifest Impacts both neutral and charged-current DY:
as a smooth distortion of the high-mass tail:
do  do pp — L0, pp — L
do dmy,” dmp A
dmw A
g >
e My, T
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Simultaneous PDF and SMEFT fit results
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Simultaneous PDF and SMEFT fit results

Excluding HL-LHC projections for NC and CC Drell-Yan:

dg luminosity
Vs =14 TeV

1 m0esRhel) f PDF fits under the assumption of nonzero SMEFT

Y= +0.006
O 1.025 - X | / coefficients:

We see a moderate shift of the PDF central values,
and no change to the PDF uncertainties.

My (GeV)

University of Vienna 01.12.23
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Simultaneous PDF and SMEFT fit results

Excluding HL-LHC projections for NC and CC Drell-Yan:

. W (x10Y) | Y (x10*
SMEFT constraints are stable: 201 ( ) ( ) ! Farina et al (1609.08157)
| | @  this work, SM PDFs
moderate shifts when using SMEFT ! this work. SMEFT PDFs
10 B ] 1
vs SM PDFs
- — } SN T N X -
—10 :
ATLAS ATLAS,CMS @ ATLAS ATLAS,CMS
8 TeV  7.8,13 TeV 8 TeV  7,8,13 TeV
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Simultaneous PDF and SMEFT fit results

Including HL-LHC projections for NC and CC Drell-Yan:

dqg luminosity

@) Vs =14 TeV

T

- —7 W=0, Y=0 (HLLHC) (68% c.l.)

Z 1.2- W=0.4-1075,Y = 21075 (HLLHC) PDF fits under the assumption of nonzero SMEFT
T —— W=1.6-10"Y=8-10"° (HLLHC) coefficients:
<>- 11 W=4.0-10"5,Y=8-10"5 (HLLHC)

CHD | We see a large shift of the PDF central values, In
2 5 ) i some cases beyond PDF uncertainties

o |

)

O

-|(—UJ — T T

x 107 103

M x (GeV)
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Simultaneous PDF and SMEFT fit results

Including HL-LHC projections for NC and CC Drell-Yan:

2.0

[

1.0 1

Neglecting PDF-EFT interplay leads <
to a significant overestimate of the % 00-
EFT constraints. ~ _o5-

—— SM PDFs
—~1.54 —— SM cons. PDFs
—— SMEFT PDFs

_2.0 J T J 1 T T T
—-20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0

W (x10%)
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Conservative PDFs

Could we improve the SM PDF fits by
removing the high-mass data from PDF
fits? do

» not in the spirit of global fits dmyg

e still have a theoretical
inconsistency due to SM
assumptions

¢ but much easier than doing a
simultaneous PDF-SMEFT fit
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Simultaneous PDF and SMEFT fit results

Including HL-LHC projections for NC and CC Drell-Yan:

2.0

[

1.0 1

Neglecting PDF-EFT interplay leads <
to a significant overestimate of the % 00-
EFT constraints. ~ _o5-

—— SM PDFs
—~1.54 —— SM cons. PDFs
—— SMEFT PDFs

_2.0 J T J 1 T T T
—-20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0

W (x10%)
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Simultaneous PDF and SMEFT fit results

Including HL-LHC projections for NC and CC Drell-Yan:

2.0
15 ‘
1.0 1 )
Neglecting PDF-EFT interplay leads ~ 02 |
to a significant overestimate of the % 0.0
EFT constraints. ~ _05-
—1.0 -
—— SM PDFs
what does this mean for searches mLS) T oheons Tors
for new physics? -2.0

~20 -15 -10 -05 00 05 10 15 2.0
W (x10%)
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Can PDFs Absorb New Physics?

E. Hammou, Z. Kassabov, MM, M. L. Mangano, L. Mantani, J. Moore,
M. Morales Alvarado, M. Ubiali, 2307.10370
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[
n
(—]

hep-ex/9601008

125 |

e CDF
— NLO QCD

% Difference

100 |

CDF collaboration measured a deviation at
high transverse momentum

5 |

4
10

II ll II II II l] II II

50:—

25 |

BE 0 opF e CTEQ 2M However, this was not new physics
: —— MRSA! ... CTEQ 2ML
-50 |- ---= MRSG = seoserecn GRV-94

¥ - deviation went away with improvements
75 ?// 22227 /f///////l//t//d///// t/////tl //////{///ﬂ///% I I P D F y p
/////‘/'/‘}‘//‘}//535}'}/‘}/ﬁ///‘“’/}}%//3/‘}9/35//3/‘/‘}//55 to large-x gluon S

llllllllllll I _— Ll l | S | I | I L | Ll | —
-100
0 100 150 200 250 300 350 400 450

Jet Transverse Energy (GeV)
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---.Pre-fit bkg.

P =

0, - ATLAS
What if nonew © 10°F I8 = 13 TeV, 130 5" E
_ _ P - 1-lepton, SR 3j1b ¢ Data -
physics is S 108 Post-fit --W' (m = 3 TeV)_
observed... it t 3
, W+jets B
10 [ Z+jets =
[ Single-top -
10 I Diboson =
B Multi-jet .
1 ~zUncertainty  _

...because It has been
absorbed by the PDFs?

VI
1000 2000 3000 4000 5000 6000 7000

2308.08521 my, [GeV]

Ratio to bkg.
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

Assume that we know the true underlying law of nature: SM + UV model

T = T(0sm, Onp)
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

Assume that we know the true underlying law of nature: SM + UV model

T = T(0swm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N(T(HSMa HNP)v E)
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Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

Assume that we know the true underlying law of nature: SM + UV model

T = T(0swm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N(T(QSMa QNP)v E)

Perform a PDF fit: fit only the SM parameters ()q,; using the NNPDF4.0 methodology
2109.02653

Maeve Madigan | Hide and Seek: how PDFs can conceal new physics University of Vienna 01.12.23



Contaminated PDFS closely follows the closure test methodology developed by NNPDF, 1410.8849

Assume that we know the true underlying law of nature: SM + UV model

T = T(0swm, Onp)
Generate Monte Carlo pseudodata according to this underlying law:

D ~ N(T(QSMv QNP)v E)

Perform a PDF fit: fit only the SM parameters ()q,; using the NNPDF4.0 methodology
2109.02653

PDF has absorbed new physics if the fit quality is good 1o = < 2
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DIS NC Kinematic coverage

DIS CC
FT DY
W, Z
DY

V + JET
TOP
JETS
DIJET

*\WWe generate MC pseudodata for all HOTON
SINGLETOP

datasets included in NNPDF 4.0
HIGH LUMI
2109.02653 Black edge: Modified by EFT

Data

> 4 @ o

e+ 0N

&; A A Add<gdadd A
ey - Q 107 - < h,
» Additionally, we include HL-LHC e A L AR
projections for neutral current and ° LR T ¥ P2 P
o A & '<'A. o A p' A el

charged current DY 10% - i “gr'i R 7 £

as in Greljo et. al 2104.02723 f SRRF CIRE

102 = o o.::o:::: .o:.:o .:o.: :o >

g oo 0 00 00 00 0090

00 000 00 000 00 OO

’.'CQOC 000 000 00 00O ...

GEETEE T L
T 2o 320 UK T O T S B L LL A AN
101 _ L0 0000000 0® 0 ®o 000 O o ° o :.,'
- I I R . Y :"’
IS I 0A i B S S S SR . ®08as '5 ¢
104 103 102 101 100
X
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BSM scenario: Z’ pp = e

> My =18.7 TeV — SM
v ) — v
O 10-1L Y=15-10"* —— SMEFT O(A7?) _
g —— SMEFT O(A™%)
*Flavour universal Z' S 10-4] _
EFT approximation
A o)
Z/ g/2Y m o I I I I I I I
LavEFT = LM 5~y Jy 1.25F ' ' 1 - - - :
2m ’ = — UV/SM
w o
e
nw 3 >
JI = Z Yefy'f >
f U O 75 B | | | | | | | -
> 1 1 1 1 1 1 1
Db 1.25¢} — SMEFT O(A™2) JUV -
A L o e e —_ SMEFTO(A") /UV_
= 1.00 —_— —— W
‘Impacts NC DY d s
(Vp)]
S 0.75¢

500 1000 1500 2000 2500 3000 3500 4000
M) [GeV]
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BSM scenario: W’ pp — v

> My =13.8 TeV — =M
v ’ — uv
Q101 W=8-10"" — SMEFT O(A™2) _
% - —— SMEFT O(A™%)
‘Flavour universal W’ S 10-4] _
EFT approximation 3
213 S =
W e IW o e —————
SMEFT — ~SM 2m2 LYL,u s 1.25F — UV/SM "
W 5 |
S
< 1.00} :
_ > ———— e e
Jp=) fuT"y"fr 5
f © O 75 C I I I I I I_I_:_$ I -
L
> 1 1 1 1 1 1 1
- 1.25} — SMEFT O(A~2) JUV -
O L o o —— SMEFT O(A™) /UV _
L00f e e
‘lmpacts NC and CC DY e
V)
© 0.75F

500 1000 1500 2000 2500 3000 3500 4000
MI\) [GEV]
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Do our contaminated fits pass the selection criteria?

2 —1 = Z’ scenario

T o — 5
2
X
Y
0.0453
0.0182
\
qt - muon chan™& 5145 ’
- charged Ve -0.08971
14 €%
Hm DY
ARG -0.0265
\
electron chann® ‘| 0.0777
_rged current’ 10.0683 |
oy 14TV 0.0195
C

nt - muon channe! 7.75 e baseline
gral Curre .
M DY 14 TeV - neu . B Y=5e-5
pLAnCH 0.0380

mm Y=15e-5

rrent - 7.88
_peutral ¢4 B Y=25e-5
g DY 147 '
pL-ALHC :
.0265

20
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Do our contaminated fits pass the selection criteria?

X2 -1 = Z’ scenario

T o — -
2
X
Y
-0.0453 | .
nel 0.0182 No: PDFs do not absorb new physics
¢ - muon chan -0.145
T charged U -0.08971
aTeN -
M DY 3

WA -0.0265
nel |

nt - electron chal 10.0777
Jrged Curre -0.0683 |

HM DY 14 TeV - <" 0.0195

HLAHC

nt - muon channe! 7.75 i baseline
gral Curre .
M DY 14 TeV - NeY . Bl Y=5e-5
HLARC B 0.0380 R

mm Y=15e-5

rent - 7.88
oy ey 7o W BN Y=25e-5
HM
pL-ALHC H!

0265

20
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Do our contaminated fits pass the selection criteria?

2 —1 = Z’ scenario

Ny —
o 2
-0.0453 | ! )
annel 0.0182 x No: PDFs do not absorb new physics
_charged current - muon © -(;)(.)618‘;571
nc M DY e o 00265, unless the NP effects are negligible
A TeV charged current - electron cha -0.0683 ||;);)Z97:
Y 1 :

pLAHC AV > un nanne! £ ol m  baceline

w DY 14 TV Jeutral curren - pm Y=5e-5 myz ~ 30 1leV
yL-LHC K o nanne! mm Y=15e-5
He HM DY 14 TeV neutral curren eleC 7.88 B Y=25e-5

HL-L

20
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Do our contaminated fits pass the selection criteria?

0.308
-0.0662
channel
_ ruon 0.0897 |

m DY 3
pL-LHC el 0.425
on chah -1.55E-3
4 current” 0.0195

el 0.495

¢ - muon chan 0.0573

y - neutral CUT™ 0.0660
am DY 147€ 10.0380

el
¢ - electro® chant 0.526
Jeutral curren 0.0984
0.0805

0.0265
| 20

4.94

5.56

i baseline
W=3e-5
W=8e-5
W=15e-5

= W’ scenario

University of Vienna 01.12.23
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Do our contaminated fits pass the selection criteria?

= W’ scenario

nO‘ p— -
2
X
W
4.94
0.308
-0.0662
\
- rouon €N3N0.0897
hafged CUffeﬂ
C
147 5.56
M DY
HL-LRC 0.425
\
_electron cha™ 553
harged current 0.0195 basel
14TV - i baseline
M DY
_pauon 0.0573 B W = —
\ neutra\ C‘ment 0.0660 W=8e-5 ' — 8 * ]. O ] MW/ ~ 14 TeV
147TeV " 0.0380 W=15e-5
Hm DY I .
HL-LHC
el
¢ - electro® chant 0.526
Jeutral curren 0.0984
L DY 14TV 0.0805
HLARC 10.0265 2 ] .
o Yes: PDFs absorb new physics

University of Vienna 01.12.23
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W’-contaminated PDFs Z/ 7 @ alr/o)

NC DY CC DY
ud + dd luminosity ud + dd luminosity
Vs =14 TeV |y| <2.5 Vs =14 TeV |y|] <2.5
4
1.05 - y
1.05 - Yy
() Q " -
§ g 1.00 __7__7__7__7__7____—7__7__7-—/— / /
01004 & : /
% A S ——— L S— a— % < /
O O N
S S NV
o 095_ o 095' \\
o Z__! baseline (68 c.l.+10) 2
0.90 - W=3e-5 0.90 - W=3e-5
— \W=8e-5 — \W=8e-5
W=15e-5 W=15e-5
0.85 - - ——— - - - 0.85 - - ——————
102 103 102 103
My (GEV) My (GeV)

Fewer constraints on the large-x antiquark PDFs allow freedom to shift away from the baseline
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Data: ‘true’ PDF @ SM + W’

W’-contaminated PDFs Theory: contaminated PDF @ SM

G at 2000 GeV d at 2000 GeV
‘7, Baseline (68% c.l.+1u (68% c.l.+10) //’/ '77 7 Baseline (68% c.l.+1u (68% c.l.+10) )

1.4 - Contaminated W=3d-5 1.4 - Contaminated W=3d-5
3— - Contaminated W=8d-5 3 - Contaminated W=8d-5
+ Contaminated W=15d-5 |__I|_ Contaminated W=15d-5
O 1.2- G195
= X
(00 (00)
o o
e 1.0- e 1.0
—_— . — . 1 __'[ J
: / / // //// - / / ///
© ©
m m
2 0.8 - 2 0.8
2 o
ZU \\\‘ &"B’ \////

0.6 . \\’\ > / 0.6 - \ /

1 1 \T\( 1 I/ | | | / 1 I/
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.6 0.7
X X

Fewer constraints on the large-x antiquark PDFs allow freedom to shift away from the baseline
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Data: ‘true’ PDF @ SM + W’

Impact on Drell-Yan Theory: contaminated PDF © SM

CC DY
. . !\IC DY. : ' 10%F . . : . . — -
103 Theory W=8-10"5 - Theory W=8-10""
Theory ¥ =15-10"5 ' Theory Y=15-10"5
¥ DataW=8-10"5 102 - ® Data L:V=8- 10— .
T 101 - § DataY=15-10" - 3 $ Datay=15-10"°
= < &
1 . 100 o & | ‘ \ ‘ l -
~1] ] ~
19 = e ¥
L 14 . . . . . . 14 . . . . . .
o W - w
2 L2y ] S 1.2t | Excellent data-theory
E 1.0 !-I-I-I—I-I-i--}:--I--I---{- ------- } -] g 1.0 I-::-I-I—I-!-!--I—-I—-I—-I——I—— —}-{-——- p—— agreement
- —
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
my [GeV] mr [GeV]

- The data appears to agree well with the SM

- The shift in the PDFs compensates the NP effects

- The effects of NP are completely missed
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Z’-contaminated PDFs

NC DY

ud + dd luminosity
VE=14TeV |y|<2.5

1.05
o .
E | an [T
o 1.00 r—r——————t——
wnv
(o]
0
S
o 0.95
I 7 baseline (68 c.l.+10)
0.90{ — Y=3e53
— Y=15e-5
— Y=25e-5
0.85 - v — 7
102 10°

My (GEV)

Data:
Theory: contaminated PDF ® SM

CC DY

ud + dd luminosity
VS=14TeV |y|<2.5

‘true’ PDF ®SM + Z’

7 baseline (68 c.l.+10)
Y=5e-5

— Y=15e-5
Y=25e-5

103

My (GeV)

Charged current DY is not impacted by the Z’ model

= CC DY data constrains the large-x quark and antiquark PDFs to be SM-like

= PDFs cannot shift enough to absorb NP effects in neutral current DY
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Data: ‘true’ PDF ®SM + 7’

Impact on Drell-Yan Theory: contaminated PDF © SM

CC DY
S | °] ° ) S 10¢ S —
103 Theory W=8-10"5 - Theory W=28-10"°
Theory Y =15-10"5 W Theory Y=15-10"5
¥ DataW=8-10"° 102} § DataW=8-10"
2 101 ¢ § DataY=15-10" - > $ Datay=15-10"°
= < -
. 100 = L.ﬂ & ®
-1] & I
10 o 3 { ¥
1.4 — 1.4
w w

1.2+ - 1.2F -
"g 1.0 ii-I-I-I-I-i--I--I--I----I- ------- } - r§ 1.0.:-:-!-:-!-!-!--1--!-'}'}—}_ _I—{__——{__—
()
E‘ 1.4 T a 1-4 T T T T T T
8 ey 8 Y
-E 1.2} | | f |-E 1.2+ o -

l0E==ss-v-9-3-F- -I--I---I—-------}----- 1.0 II-I-I—I—I—I—-I--I—-I-—I-—I—-}-}-%——-T___

500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
my [GeV] mr [GeV]

PDFs remain SM-like: discrepancy with Z’ in NC DY data
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Data: ‘true’ PDF ®SM
Impact on EW processes Theory: contaminated PDF @ SM

HL-LHC projections

The PDF then causes spurious NP effects T
In other observables e.q.

$ Data

Y2/Ngat = 2.194

C]Cj N W—I_W_ ne = 3.044
. . 103
-Data appears to disagree with SM at 3o E .
+ . : '.S 1.25 V- ' ' ' ' ! T T ]
*However, W™ W ™ is unaffected by W = b
. PR gy g W — - Bl - ————— ——— -
model.: '{ 109 1
the deviation is in the PDF 20PE
W — lStatisticall error ' l
§ 0.025k—~ Systematic error
LILJ R e R ———
0.000

500 1000 1500 2000 2500 3000 3500 4000
mww [GeV]
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Data: ‘true’ PDF ®SM

Impact on EW processes Theory: contaminated PDF @ SM
HL-LHC projections
The PDF then causes spurious NP effects 10° ; Theory -
in other observables e.g. h
. Y2 INgot = 1.774
> 107k Ny =1.972
— < Kstat = 10
qq — WH )
10°}
- Data appears to disagree with SM at 20 £ 1.25F
E 1.00Fytssgu-B-B-g 8- F - L S — I ————
-However, W H is unaffected by W’ So7sk . e
mOdel: e 02 - St;tistica! e'rror ' ' ' I_‘_‘
the deviation is in the PDF : S
N e
0 250 500 750 1000 1250 1500 1750 2000

p? [GeV]

statistics improved by a factor of 10
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Opportunities to disentangle PDF and SMEFT effects
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Opportunities to disentangle PDF and SMEFT effects

WH / CC DY
10°F ! ' ' ' ' ' £

E :l RTheory W= 8 ) 10_5

: - RData W= 8 - 10_5
| @ Data uncertainty

Ratio observables:
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N — Statistical error
O 0.5F__ Systematic error
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500 1000 1500 2000 2500 3000 3500 4000
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Opportunities to disentangle PDF and SMEFT effects

Kinematic coverage

+ DISNC
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Opportunities to disentangle PDF and SMEFT effects

Ratio observables:

Low-energy precision measurements
sensitive to high-x PDFs

= add precision here:

Maeve Madigan | Hide and Seek: how PDFs can conceal new physics
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Opportunities to disentangle PDF and SMEFT effects

Ratio observables:

Low-energy precision measurements
sensitive to high-x PDFs

—p what about simultaneous PDF and SMEFT determinations?
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The SIMUnet Methodology

S. Iranipour, M. Ubiali, 2201.07240

Public release coming soon: M. N. Constantini, E. Hammou, MM,
L. Mantani, J. Moore, M. Morales Alvarado, M. Ubiali
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The SIMUnet methodology

An extension of the NNPDF framework
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Ball et. al, NNPDF4.0, 2109.02653
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how PDFs can conceal new physics
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The SIMUnet methodology
Y
_..||" | m'h.,

An extension of the NNPDF framework dk N N ( ] U) Z 500
,

250

0

 PDFs parameterised by a neural

. 2
etwork ¢ = arg miny“(c, dy)

C

* Propagates uncertainties from data to Distribution of Wilson coefficients

NN parameters using the Monte Carlo r
.||'“m "I'Ifr.

replica method
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Additional layer incorporates
SMEFT Wilson coefficients

The SIMUnet methodology

An extension of the NNPDF framework

 PDFs parameterised by a neural
network

 Propagates uncertainties from data to
NN parameters using the Monte Carlo
replica method
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S. Iranipour, M. Ubiali, 2201.07240

The SIMUnet methodology

Train only the final layer: reproduce SMEFT fits
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The SIMUnet methodology

Train only the PDF NN weights on all data: reproduce NNPDF

S. Iranipour, M. Ubiali, 2201.07240
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S. Iranipour, M. Ubiali, 2201.07240

The SIMUnet methodology

Train only the PDF NN weights on all data except the SMEFT-affected sector: conservative PDFs
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S. Iranipour, M. Ubiali, 2201.07240

The SIMUnet methodology

Train everything: simultaneous fit
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Simultaneous PDF and SMEFT
determination in the top sector

Kassabov et. al: 2303.06159
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PDF-EFT Interplay in the top sector

Top quark data provides important constraints on the large-x region of the gluon PDF.

This impact is largely driven by top quark pair production cross sections and differential distributions.
e.qg. Czakon et. al, 1303.7215, 1611.08609, 1912.08801

gat1l72.5 GeV

Potential for interplay between gluon PDF
§ and coefficients modifying top quark pair
iy production:

n

O

(a1

=

=

8

RS,

& ANERN
== NNPDF4.0-notop (68% c.|.+10) R

0.80 1 < fit v (all top datZ) (68% c.l.+10) \\\\\ \\w

‘==, NNPDF4.0 (68% c.l.+10) SO N NN\

01 02 03 04 05 0.6 07
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The top sector of the SMEFT 7. Kassabov et. al, 2303.06159

Impact of top quark pair production

— m © o +J + I — m
U U @) 6O oo =9 —O TSRS RIS X HO HO
g O () () o o @) @) o O O O
t =
SM © o o

— Q5% CL new dataset [0p quark data available in 2023
— 05% CL old dataset | TOP quark data available in 2021

O
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Simultaneous fit

A simultaneous fit shows better P O\
agreement with the no-top fit: o/ \\K\
1.05 - 2
- the impact of top data is 5 .
diluted by the inclusion of e
(@)
the SMEFT E 0.95 -
A
=
Z 0.90 -
S
Uncertainties increase relative % 0.85 - _
to the SV, all top data PDF fit o
0.80 4 ¥ SMEFT PDF (all top data) (68% c.l.+10)
"N, NNPDF4.0-notop (68% c.l.+10) %
_ reﬂecting the increase in 0.75 == fit H (SM, all top data) (68% c.l.+10) N\
number of fitted parameters | 01 02 03 04 05 06 07

X
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Simultaneous fit

. . luminosit
A simultaneous fit shows better g\/g— =13 Tevy

agreement with the no-top fit:

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

1.05 - :,:\‘:‘:‘: NNPDF4.0-notop (68 c.l.+10) //’<
_ the impact Of top data iS r==s fit H (SM, all top data) (68 c.l.+10) . \
Q. X N ’ ”
diluted by the inclusion of € . oo e <—— N
T S
N — \:@@\
; 0.95 - NSRS
= A\
L . S ‘\"\
Uncertainties increase relative 2 0.90- \
to the SM, all top data PDF fit o
0.85 -
- reflecting the increase in
number of fitted parameters 101 T : T {03

My (GeV)
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Simultaneous fit

Constraints on the Wilson coefficients are stable, despite differences in PDFs

30 -
20 -
10 -
3
" ol i 1 L 5
Q
-,
=~ -10-
<
5 20 -
_30_
~a0{ O(A™?)
_50_ | | | | | | | | | | | | | | | | | | | |
4 ~C —~ N 5, > 4+ + = — o > +J 1+ + — m
S 88 & 5 8 w9 e T T T 88 g T T8 58
S S S S
| | — SM —
Conservative PDF fit - — 95% CL SMEFT-PDFs, full top dataset

only SMEFT fit sees top data ~ 95% CL Fixed-PDF EFT analysis, full top dataset Simultaneous fit
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Simultaneous fit: what about quadratic EFT effects?

1.5 - | C | (2
O — OSM Olin 0 quad
1.0 - A2 A4 q
— 0.5-
I
>
SRR TSR ARARRARARCANE AR
< -0.5-
O
—1.0 -
—-1.5 4
O(A™7)
—2.0
FERIZE & S BT LT Sas ST T R 8 w8 B T
— - O
— S e S S oS o

— Q5% CL new dataset [0p quark data available in 2023
— 95% CL old dataset | TOP quark data available in 2021

(]
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The Monte Carlo Replica Method

2
e . - . . > _ (0(c) = Texp)
Consider fitting 1 Wilson coefficient ¢ to 1 datapoint Oexp: define X = 552

]
- Cat

1. Resample: 5exp ~ N(Jexp, 50)

2

(U(C) B 5exp)
b0 T
—4 —2 0

2. Minimise: C = arg min,

3. Repeat, and treat the sample {¢} as a sample from the Bayesian posterior p(c|D)

- Often used in the context of PDF fitting and SMEFT fitting, e.g. 2109.02653, 1901.05965
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The Monte Carlo Replica Method

Problem: in the presence of a quadratic theory, often the minimum X2 will be given by the same c.

2
O-(C) = OSM 1 O1inC + O quadC

4.0

(0(c) = Fexp)®
50_2 3.0 -

2. Minimise: ¢ = arg min,

0o

O exp

O-O | I | | | |
-1.00 -0.75 =050 -0.25 0.00 0.25 050 0.75 1.00

C
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The Monte Carlo Replica Method

Problem: in the presence of a quadratic theory, often the minimum X2 will be given by the same c.

i 6681 | MC replica method
t Bayesian

o(c) = osm -

- O1inC + O quadC

2

4.0

3.5 -

L=

| T—

~10 =05 0.0 05

1.0 -

0.5

OSM

O exp

0.0
—1.00

-0.75 -0.50 -0.25

0.00

C

0.25 050 0.75 1.00
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Conclusions

The discovery of new physics will rely on an unbiased and accurate understanding of
the parton distribution functions

Parton distribution functions have the potential to conceal new physics:
- Contaminated PDFs may translate signs of new physics into Higgs+EW processes

Disentangling these effects post-fit is not guaranteed

PDF-EFT interplay is moderate in current LHC top and DY data, but may become
significant at the HL-LHC

Simultaneous PDF and SMEFT determinations are crucial for the assessment of the extent

of PDF-EFT interplay in current LHC data.
Public SIMUnet release coming soon!
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Thank you for listening!

Conclusions

The discovery of new physics will rely on an unbiased and accurate understanding of
the parton distribution functions

Parton distribution functions have the potential to conceal new physics:
- Contaminated PDFs may translate signs of new physics into Higgs+EW processes
Disentangling these effects post-fit is not guaranteed

PDF-EFT interplay is moderate in current LHC top and DY data, but may become
significant at the HL-LHC

Simultaneous PDF and SMEFT determinations are crucial for the assessment of the extent

of PDF-EFT interplay in current LHC data.
Public SIMUnet release coming soon!
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Data

[CMS, Phys. Phys. Rev. D 104 (2021) 092013]

<1072 137 b (13 TeV) «107° 137 b (13 TeV)
04 CMS  elu+jets e Data > . CMS e/u+tets e Data
T Particle level gIlaStt @ stat. o 20— Particle level g%’;{t- @ stat.
- 800<m(t) <1000GeV 3 POWHEG P8 (CP5) = [ 1000 <m(tf) <3500 GeV 35 POWHEG P8 (CP5)
- . 03 *f i POWHEG H7 (CH3) T L.r | POWHEG H7 (CH3)
175 datapomts. - : MG P8 (CP5) Z dE e : MG P8 (CP5)
N ¢ o4 1 POWHEG P8 (T4) = B i 1 POWHEG P8 (T4)
- N | é LIS
0.2+ £ o
: e eo: 4 -EO 10 B
n é B . et 7
" 01 __ . ae A o 5 __
a superset of measurements in - i — e
— ° o+t A —
B | | | Ig o+t A _I | 1 [ 1 1 [ 1 1 [ 1 1 [ 1 1 [ 1 1 ot o+ A
J|ls 1.6F ge 1.6~
[ T o 9 (4v] 9 )
fitmaker SMEF1T NNPDF alo L . alo L
1.2 1.2 ] I
R I ; ST ! P t I f
1 e —————— gt
I I I L [ I I I I I
0 0.4 0.8 1.5 2.5 O 02 04 06 08 1 12 2.2

tt tt+V charge asymmetry Ac tttt, ttbb single top, tW
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Theory

SM
NLO QCD using MG5_aMC@NLO

Czakon et. al, 2304.05993

Where available, NNLO QCD using k-factors from HighTea: https://www.precision.hep.phy.cam.ac.uk/hightea/
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Theory

SM
NLO QCD using MG5_aMC@NLO

Czakon et. al, 2304.05993

Where available, NNLO QCD using k-factors from HighTea: https://www.precision.hep.phy.cam.ac.uk/hightea/

SMEFT
25 Wilson coefficients at NLO QCD using SMEFTA@NLO Degrande et. al, 2008.11743

Currents 4-fermion singlets
] 1,3 ~1,1 1 C!
CtW Cg(b:g Cég@) Cut CQQ CQC] CQd Cdt tt 1
ce  C° 1 1 s C ;
C Qu ~qt Con C Qt ~Q
t4 CtG Cqbt a3 g . . u qt Cl CS
. CQ,q CQ,q CQd Cdt C/Iit QQ QA
Dipoles 4-fermion octets 4-heavy
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PDF-EFT Interplay In high-mass Drell-Yan

Data Theory benchmarks

Deep inelastic scattering + Drell-Yan Electroweak obliqgue parameters W, )A/

- iIncluding high-mass DY-:

Exp. Vs (TeV) Ref. L (fb™1) Channel 1D/2D Ndat my* (TeV)

ATLAS 7 [120] 4.9 e—et 1D 13 1.0, 1.5] A
92 %4

2 A
ATLAS (*) 8 [86]  20.3 VAl 2D 46 0.5, 1.5] Lovprr = Lon — gy Y

Ol(s) — = (Ysz O + Y1Y, Oy
m
W

2
4mW

CMS 7 (121 9.3 ppt 2D 0.2, 1.5]
8

CMS (*) 87]  19.7 A 1D 41 1.5, 2.0 + Y}, Ol(;) + Y Y3 Ocq + Ye Yy Oy, + YeY, Oqe)

~et, ppt 43, 43
CMS (*) 13 122] 51 ee—zfi £ 1D ; [1.5, 3.0]

Total 270 (313)

+ High Luminosity projections
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Conservative PDFs

Could we improve the SM PDF ftits by removing
the high-mass data from PDF fits”?

® not in the spirit of global fits do

e still have a theoretical inconsistency due dmee

to SM assumptions

® but much easier than doing a
simultaneous PDF-SMEFT fit

\4
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Conservative PDFs .

dmgg

Could we improve the SM PDF ftits by removing
the high-mass data from PDF fits”?

® not in the spirit of global fits

® still have a theoretical inconsistency due

tO SM assum tIOﬂS | WE Top + Higes + VV, Quadratic NLO EFT .
P p o Individua 5 MEFiT

—_
-
w

® but much easier than doing a
simultaneous PDF-SMEFT fit

— —

- (-

IIIH 1 1 IIIIIIM 1
1 1

—_
-
1 IIIIIIO 1 Ll Ll

See J. Ethier et. al, 2105.00006 for the use
of conservative PDFs in a global SMEFT fit

Magnitude of 95% Confidence Level Bounds (1/TeV?)

1073
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Conservative PDFs for high-mass Drell-Yan

dashed: not including PDF uncertainties

2.0
Conservative PDFs:
® assume the SM 1.5
® are fit to data which does not receive 1.0 -
large SMEFT corrections ,f'\‘
(i.e. no HL-LHC data, no high-mass 0.5 - |
DY data) 2
=
x 0.0 -
<>~
—0.5-
—1.0-
—— SM PDFs
—154 —— SM cons. PDFs
—— SMEFT PDFs
_2.0 1 1 T

20 -15 -10 -05 00 05 1.0 15 2.0
W (x10%)
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Conservative PDFs for high-mass Drell-Yan

dashed: not including PDF uncertainties

2.0
Conservative PDFs:
® assume the SM 1.5
® are fit to data which does not receive 1.0 -
large SMEFT corrections 'f\‘
(i.e. no HL-LHC data, no high-mass 0.5 - |

DY data)

0.0 -
Comparing green to orange: < \/
—0.5 -

» the constraints using SM

Y (x10%)

conservative PDFs are closer to those -0 SM PDEs
using SMEFT PDFs _15] — SM cons. PDFs
—— SMEFT PDFs
» still overestimating the constraints, -2.0 - - - - . | .
especially in the W direction -20 -15 -1.0 -05 OO0 OS5 1.0 15 20

W (x10%)
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SMEFT PDFs

Simultaneous PDF-EFT determination outputs a SMEFT PDF

Use this as an input to future SMEFT determinations as an approximation for a full PDF-SMEFT fit

v X

Captures the increase in PDF Neglects PDF-SMEFT correlations
uncertainties due to the inclusion captured by a full simultaneous
of SMEFT parameters in the fit determination
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SMEFT PDFs

Simultaneous PDF-EFT determination outputs a SMEFT PDF

Use this as an input to future SMEFT determinations as an approximation for a full PDF-SMEFT fit

1.5 -
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S
‘ ®
S *
Residuals (68%)
) o -
o ) o
|
I
!
I
I
1
]
I
]
I
-
I
]
|
r
I
I
I
I
I
[
—

|

———

.

:

o

'a
s

o

T T T
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O @) e O O O U U (@) @) @) oouo ooUO U U O &) @) .—|UO‘ .—uuo

mwsm Fixed-SMEFT-PDFs, full top dataset
mmmm Simultaneous-SMEFT-PDFs, full top dataset

SMEFT PDFs are a good approximation - small PDF-EFT correlation in the top sector
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The Monte Carlo Replica Method

(0(¢) = Oexp)”

2
Consider fitting 1 Wilson coefficient ¢ to 1 datapoint Oexp: define X — 52
- Cap il
1. Resample: 5eXp ~ N(Uexp, Z)
. . - (0(c) = Fexp)”
2. Minimise: C = arg min, ;
00 PO 1 11 -
—4 —2 0

3. Repeat, and treat the sample {¢} as a sample from the Bayesian posterior p(c|D)

- Often used in the context of PDF fitting and SMEFT fitting, e.g. 2109.02653, 1901.05965
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The Monte Carlo Replica Method

Problem: in the presence of a quadratic theory, often the minimum X2 will be given by the same c.

2

O-(C) = OSM + OlinC + O quadC
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(0(c) = Fexp)®
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2. Minimise: ¢ = arg min,
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The Monte Carlo Replica Method

Problem: in the presence of a quadratic theory, often the minimum X2 will be given by the same c.

i 6681 | MC replica method
t Bayesian

o(c) = osm -

- O1inC + O quadC

2

4.0

3.5 -

L=

| T—

~10 =05 0.0 05

1.0 -

OSM

0.5

O exp ‘ }50’

0.0
—1.00

-0.75 -0.50 -0.25

0.00

C

0.25

0.50

0.75 1.00

Maeve Madigan | Machine Learning Opportunities for EFT Analyses

EFT WG 16.11.23



