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We just need a functional form for the PDFs
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Data driven determination

Theory assumptions
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Model the proton
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PDFs extraction

e Fix physics parameters C
a(C,0) = f1(C,0) @ f2(C,0) ® 5(C)

We extract the PDFs from data,
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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

e Fix physics parameters C e Fix PDFs parameters C 0
f

a(C,0) = f1(C,0) ® 2(C,0) @ 6(C) | o(C,0) = f1(C,0) ® fo(C,0) @ 5(C)
We extract the PDFs from data, ) We extract the physics parameters from c_latg,
we have implicit dependence 6* = 6*(C) | we have implicit dependence C* = C*(C, 0)
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PDF parametrisation
s flexible... extrapolation is tricky
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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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With these assumptions, we produce pseudo-data for benchmark NP scenarios
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Benchmark scenarios in terms of flavour universal Y and W parameters
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Benchmark scenarios in terms of flavour universal Y and W parameters

3
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Correspond to Z’ and
W’ extensions

HL-LHC projections,
— 2103.10532

Benchmark points
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If we have the “correct” PDFs,

Discoverable BSM scenarios * we would have exp. precision
for a discovery
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We now want to perform a “standard” PDF fit:

F1(0) ® fa(6) @ G531 ~ fiT° @ f57¢ @

Functional form parameters (e.g. NN weights)

Can we mimic the modified interactions with “wrong” PDFs?

NNPDF4.0 dataset + HL-LHC DY projections [arXiv: 2104.02723]
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Summary of methodology [Luca Mantani

arXiv: 2307.10370

We define a true underlying law of nature: PDFs + discoverable BSM scenario

T =T(0sm,0npP)
We generate pseudo-data from the true law:

D=T+n, n~N(0X)

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

We compare results with a baseline obtained
with a consistent fit of SM pseudodata generated with Oy, = 0

11
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Fit results Luca Mantani
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W’ contaminated PDFs Luca Mantani
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W’ contaminated PDFs

Luca Mantani
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W’ contaminated PDFs

Ratio to Underlying law

Luca Mantani

ud + dd luminosity ud + dd luminosity
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Huge shift, yet good fit for W=8e-5

Large-x behaviour in PDFs is not constrained:
especially anti-quark PDFs allow for NP absorption
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Data-theory comparison Luca Mantani
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Data-theory comparison Luca Mantani
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Spurious NP [Luca Mantani
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Spurious NP [Luca Mantani
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Ratio observables Luca Mantani

Can we devise an observable which is independent of PDFs?
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Can we devise an observable which is independent of PDFs?

WW / NC DY
[ — RDatla Wi—8.10°5 l l l Il '
0 Ryheory W =8 1075 : .
_ 10t 3 pata uncertainty Rgtlg of WW and DY:
88 - prediction has suppressed
§\> dependence on PDF
2 103 i
I ; 3
A
© 1.25¢ l l l ' l Ql K-factor 7
&
~ 1.00 g EF-= 3P 3 -§--4-- -------- } —————
: o
*

tis 0'75 C 1 1 1 1 1 1 1
n 0.1r— Sta;istical erro:' I l -
e - = Systematic error
“0.0E====2= — i

2000 2500 3000 3500 4000
min, [GeV]

500 1000 1500

16



Ratio observables Luca Mantani

Can we devise an observable which is independent of PDFs?
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Disentangling NP from PDFs Luca Mantani

Can we use forward V production to spot the contamination?
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Disentangling NP from PDFs Luca Mantani

Can we use forward V production to spot the contamination?
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Current data not precise enough to disentangle the effect.
Future low-energy measurements (e.g. EIC programme)

could provide crucial input for PDFs:
devise useful observables, the time is now!
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Disentangling NP from PDFs Luca Mantani

Can we use forward V production to spot the contamination?
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Current data not precise enough to disentangle the effect.

Future low-energy measurements (e.g. EIC programme)
could provide crucial input for PDFs:
devise useful observables, the time is now!

Other idea: can a simultaneous fit of PDF-SMEFT offer a solution?

17



Conclusions and outlook Luca Mantani

% An assessment of NP contamination in the PDFs has been performed
considering flavour universal Z’ and W’ scenarios

* Discoverable W’ scenarios exist that are absorbed in the proton
parametrisation.

“ Kinematic coverage of the current dataset of PDF fits is insufficient.

* There is need to explore NP scenarios more systematically in contaminated
PDFs, devising strategies to disentangle the effects.

% Stay tuned: public release of new SIMUnet tool + global fit (top, higgs, DY,

EWPQO) and with possibility of performing contaminated fits
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Future plans Luca Mantani

“ Develop new methodology to perform quadratic SMEFT + PDF fits (bayesian)

“* Understand better the pitfalls of the MC replica method and whether PDF fits
are affected

“* Explore NP scenarios more systematically in contaminated PDFs, devising
strategies to disentangle the effects

“* Release new SIMUnet tool + global fit (top, higgs, DY, EWPQO) and with the

possibility of performing contaminated fits
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The SMEFT proton

Zahari Kassabov!, Maeve Madigan®, Luca Mantani!, James Moore!, Manuel Morales Alvarado?,

Juan Rojo?3, and Maria Ubiali!

arXiv:2303.06159
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Can PDFs conceal NP?

Elie Hammou?® , Zahari Kassabov® , Maeve Madigan® , Michelangelo L. Mangano® ,
Luca Mantani® , James Moore® , Manuel Morales Alvarado® and Maria Ubiali®

arxXiv: 2307.10370
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Constraints on NP Luca Mantani

What do we find if we put bounds
on Y and W parameters from Drell-Yan?

Bounds from data
that was present

Y =0.000254 ® : in the fit
Y =0.00015 - : o
Y =0.00005 A : @
W =0.00015 - ; o
W =0.00008 - ; o
W=0.000031 | | — .

—-2.0 —-1.5 —-1.0 —0.5 0.0

Bounds minus truth x10~4
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Constraints on NP Luca Mantani

What do we find if we put bounds
on Y and W parameters from Drell-Yan?

Bounds from data
that was present

Y =0.000254 ® : in the fit
Y =0.00015 - : o
Y =0.00005 A : @
W =0.00015 - ; o
W =0.00008 -
W=0.000031 | | — .

—-2.0 —-1.5 —-1.0 —0.5 0.0

ounds minus truth x10~4

NP is missed + PDF looks fine:
The SM seem to be working fine
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Data overlap Luca Mantani
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Data overlap Luca Mantani

NNPDF4.0 [2109.02653]

Kinematic coverage
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Luca Mantani

NNPDF4.0 dataset + HL-LHC DY projections |arXiv: 2104.02723]

DIS NC Kinematic coverage

DIS CC

FT DY

W, Z

DY

V + JET
TOP

JETS

DIJET
PHOTON
SINGLETOP
HIGH LUMI
Black edge: Modified by EFT

AD 40

IR EN N |

1< <1 < K

% 104
S bl v YW YYYYYTYYY y
NO b o © o
1 ' o‘ " A' : . : ; .
10 'M.z‘l, He'“.é REEEE
: EEETEIC IS R IR R N
40'::0:3.::0..’0 E ? E ! ? E E E eee
102 - cormmrms e sl me Tt L
R R A A 114

...‘....’..5000..'00 ioo o o° o.: : 2 : v

1 | .000000“..020 ... . : o : : °

107+ wrBsimE el Ben . B

L N B S A . esas

1074 1073 1072 1071 100



Methodology Luca Mantani
m S. Iranipour, M. Ubiali, [2201.07240]

“A new methodology that is able to yield a simultaneous determination of

the PDFs alongside any set of parameters that determine the theory predictions”

Input Hidden Hidden PDF Convolution SM SMEFT
layer layer 1 layer 2 flavours step Observable Observable
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SM fit Luca Mantani

Top data is important especially for the gluon PDF
SM PDF fit, all top data

SM PDF fit, no top data Additional data include: DIS, DY, jets, V + jets
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Luca Mantani

Top data is important especially for the gluon PDF
SM PDF fit, all top data

SM PDF fit, no top data Additional data include: DIS, DY, jets, V + jets
NNPDF 4.0
gg luminosity
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Luca Mantani

Top data is important especially for the gluon PDF

SM PDF fit, all top data
SM PDF fit, no top data Additional data include: DIS, DY, jets, V + jets

NNPDF 4.0

gg luminosity
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Impact mostly from ttbar data
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Luca Mantani

Top data is important especially for the gluon PDF

SM PDF fit, all top data
SM PDF fit, no top data Additional data include: DIS, DY, jets, V + jets

NNPDF 4.0

gg luminosity
9 Vs =13TeV |y|<2.5 172.5 GeV

1.05 - 777 NNPDF4.0-notop (68 c.l.+10)
' =7 fit H (all top data) (68 c.l.+10)

o 1.05 == NNPDF4.0 (68 c.l.+10)
2 1.00 Q
2 3
o c 1.00
< 0.95 o
L
: :
=
Z 0.90 S 0.95
o =
- o
2 0.85 P
= = 0.90

g NNPDF4.0-notop (68% c.l.+1c X

0.80 1 507 fit H (all top data) (68% c.l.+1
=77 NNPDF4.0 (68% c.l.+10) 0.85 -
01 02 O ————r ——— —— 04 05 06 07
10! 102 103 X
my (GeV)

Likely interplay
Impact mostly from ttbar data » gluon PDF - EFT operators
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EFT fits Luca Mantani

Conservative

fixed PDF fit

NN weights fixed,
no top PDF
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NN weights fixed,
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EFT fits Luca Mantani

Conservative Improper Simultaneous
fixed PDF fit fixed PDF fit PDF-EFT fit

NN weights trainable
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Conservative vs improper Luca Mantani

g\/ggl liIT]]-I:? ‘?I_SIt/y 0.05 - L' f'.t Improper, all-top PDF fit
- € ’ Inear I Conservative, no-top PDF fit
- ! Improper, all-top PDF fit (68 c.l.+10)
= 1.05 'C 7 Conservative, no-top PDF fit (68 c.l.+10)
w L. 0.04 -
o
g n
* 1.00 0
o < 0.03 1
o ©
> .
= 0.95 A Q
© © 0.02 -
o o
c
o 0.90 A
cé) 0.01 -
)
.S
= 0.85 A
o 0.00 -
: — : — : — -2 -1 0 1 2 3 4
1 2 3 _ 1
10 10 10 Cgt//\z [TeV 2] x10

mx (GeV)
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Conservative vs improper

Luca Mantani

1.05

1.00

0.95 -

0.90 A

0.85 A

Ratio to Conservative, no-top PDF fit

gg luminosity
Vs =13 TeV

! Improper, all-top PDF fit (68 c.l.+10)
'C 7 Conservative, no-top PDF fit (68 c.l.+10)

0.051 [inear fit

0.04 1

0.03 1

0.02 -

Prob. density

0.01 -

0.00 -

-1 0 1 2

10!

Residuals (68%)

2.0 A

1.5 -

I I
= o o o H
© U o u o
1 1 1 1 1

I
=
Ul

1

102
mx (GeV)

103

c8/N? [Tev—2]

Improper fit is more SM like

Ctz A
Cew -

1 1 1 1 1 1
— m e >
. O .o
@G @S S R S 9]

1 1
© 3 = — ]
00T T o S
°°Uo' °?_,o U U U

CtG -

m==  |mproper, all-top PDF fit
m==  Conservative, no-top PDF fit
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Conservative fit Luca Mantani

Why not simply use a conservative PDF fit?
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Conservative fit Luca Mantani

Why not simply use a conservative PDF fit?

arXiv:2104.02723 |, 5t 100.0 GeV d at 100.0 GeV

1.050 - 7~ DIS+DY (68% c.l.) 1.050 - 71 DIS+DY (68% c.l.) »
E ] DIS+DY(noHM) (68% c.l.) E 1 DIS+DY(noHM) (68% c.l.)
J_) 1.025 - (—E 1.025 - ,
n J N 7
2 nooo [ e 0 2000

“ A lNme &2

2 0.975 - 209757 AN
o o

0.950 - 0.950 -

104 1073 102 107! 104 1073 102 107!
X X
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Conservative fit Luca Mantani

Why not simply use a conservative PDF fit?

arXiv:2104.02723 || 5+ 100.0 GeV d at 100.0 GeV

1.050 - F—1 DIS+DY (68% c.l.) 1.050 - F—] DIS+DY (68% c.l.) b
E [ DIS+DY(noHM) (68% c.l.) E [ DIS+DY(noHM) (68% c.l.)
+ 1.025 - + 1.025 -
h )
() (A
o 1.000- o 1.000 |
S 0.975 - S 0.975 -
(O O
o ' oc

0.950 - 0.950 - C

104 10~3 102 107! 104 103 102  10-L
X X

Increased PDF uncertainties in high-x region for several processes interesting for NP:
* diboson

 VBF

* high mass ttbar

* high mass jets

* etc..
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Conservative fit Luca Mantani

Why not simply use a conservative PDF fit?

arXiv:2104.02723 || 5+ 100.0 GeV d at 100.0 GeV
1.050 - F—1 DIS+DY (68% c.l.) 1.050 - F—] DIS+DY (68% c.l.) b
E [ DIS+DY(noHM) (68% c.l.) E [ DIS+DY(noHM) (68% c.l.)
+ 1.025 - + 1.025 -
h )
() (A
o 1.000- o 1.000 |
=09754 S 0.975 -
(O N O
o oc
0.950 - 0.950 - C
104 10~3 102 107! 104 103 102  10-L

X X

Increased PDF uncertainties in high-x region for several processes interesting for NP:
* diboson

 VBF

* high mass ttbar

* high mass jets

* etc..

Also: NN good at interpolating, bad in extrapolation
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Luca Mantani

Simultaneous fit

30 A
Conservative fit 20- i
SN R o 80
Simultaneous fit 3 0” ﬁn N ﬂﬂ HH B |
%—10 Il
o =20
Moderate effect on WC, ~ 5-10% 37 . .
_404 Linear fit
-50 i i i | | | l l ,
PRI ISSTT T BB ST T T B

=== 95% CL SMEFT-PDFs, full top dataset
=== 95% CL Fixed-PDF EFT analysis, full top dataset
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Simultaneous fit Luca Mantani

Conservative fit 20 i U H

Simultaneous fit é 0 ”Hﬁn B | “HHHH”

Moderate effect on WC, ~ 5-10% ]

o 3 = = + — m ° >
O O 0T 0T © S .o .o O O
@) 8] O] O O COUO ooUO 8] (@)

1
Cat
1
qt
1
ut
1,1
Cqq 1

C(pt -
~(3)
10-cyq
C
100-cg;

=== 95% CL SMEFT-PDFs, full top dataset
=== 95% CL Fixed-PDF EFT analysis, full top dataset

Shift in PDF not as dramatic as SM

gg luminosity
Vs =13 TeV

"7 SMEFT PDF (all top data) (68 c.l.+10)
1.05 ' NNPDF4.0-notop (68 c.l.+10)
) r==5 fit H (SM, all top data) (68 c.l.+10)

o
o
[s)
c 1.00
Qe
<
a
a 0.95
=
=
o
)
© 0.90 1
)
©
o

0.85 -

w1 W
my (GeV) 33



Simultaneous fit Luca Mantani

30 1

Conservative fit 20 i U H

10

e e

Simultaneous fit

—10

/N> [Tev—2]

(@

o —20 -

Moderate effect on WC, ~ 5-10% 37 . .
_404 Linear fit

_50- T T T T T

=8 =8
O (@) (@] 0 [¢¢)
(@) (@) 8] 8]

C(pt -
~(3)
10 Co0
(=) |
0Q
Ctz
1,3
100-cqq -

=== 95% CL SMEFT-PDFs, full top dataset
=== 95% CL Fixed-PDF EFT analysis, full top dataset

Shift in PDF not as dramatic as SM Correlation gluon-EFT

gg luminosity

Vs =13 TeV .
Correlation O8dt - PDFs = 1000 GeV)
"7 SMEFT PDF (all top data) (68 c.l.+10) .
[_\____—I NNPDF40-n0t0p (68 C|+10) ’ — p(u, 08dt) 230204-|m-a||t0p-n|0-||n

1.05 r== fit H (SM, all top data) (68 c.l.+10) 4 0.20 4 — p(u, 08dt) 230204-Im-alltop-nlo-lin
a - ' —— p(s, 08dt) 230204-Im-alltop-nlo-lin
8 0.15 - — P(5, 08dt) 230204-Im-alltop-nlo-lin
CC) 1.00 ) ——— p(d, 08dt) 230204-Im-alltop-nlo-lin
S o(d, 08dt) 230204-Im-alltop-nlo-lin
< 0.10 - p(g, 08dt) 230204-Im-alltop-nlo-lin
L
(@)
g 095 0.05 1
(@) N,
) - =
© 0.90 A 0.00 41 v
J-J |
o 0.05 ‘

) D
0.85 -
—0.10 -
101 102 T 103 - 1075 10~ 1073 102 1071 10°
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SMEFT PDF Luca Mantani

We now have a 4th option to perform a SMEFT fit
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SMEFT PDF Luca Mantani

We now have a 4th option to perform a SMEFT fit

From the simultaneous fits we now have a SMEFT PDF

EFT degrees of . Enhanced PDF

Results almost identical

=
Ul
1

Simultaneous fit

1.0+ 8
fixed-SMEFT PDF fit § . Il Il
2 Il
* S 0o0f--pr-dbeoop A0 e -
C m
PO T | | I I
"o 0}
n 1o0+--Pp-—--M0e e — .
—-1.5
Y O S I O A U A S - T S G LA

mmm - Fixed-SMEFT-PDFs, full top dataset
mmm - Simultaneous-SMEFT-PDFs, full top dataset
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HL-LHC: DY projection Luca Mantani

arXiv:2104.02723 Things become more relevant at HL-LHC

O ] 1 T
1.54 + Simultaneous PDF
~  Fixed PDF

~15 ~1.0 —0.5 0.0 05 0 200
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HL-LHC: DY projection Luca Mantani

arXiv:2104.02723 Things become more relevant at HL-LHC

250-3
0 ]
1.5 - Simultaneous PDF
Fixed PDF
1.0
T  0.51
(@)
-
> 0.0
—0.5 -
-1.01___ | | |
-1.5 -1.0 -0.5 0.0 0.5 0 200
W/10~4
SM PDFs SMEFT PDFs best-fit shift broadening
W x 10° (68% CL) —1.1,0.5] [—2.4,1.5] —0.2 +144%
W x 10° (95% CL) —2.0,1.4] [—4.3,3.4] —0.2 +126%
Y x 10° (68% CL) —0.4,5.2] 0.6, 8.0] +1.9 +32%
Y x 10° (95% CL) —3.2,8.1] [—3.1,11.7] +1.9 +31%
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HL-LHC: DY projection Luca Mantani

arXiv:2104.02723 Things become more relevant at HL-LHC

250-3
0 ]
1.5 - Simultaneous PDF
Fixed PDF
1.0
T 0.5
o
-
> 0.0
—0.5 -
-1.01___ | | |
-1.5 -1.0 -0.5 0.0 0.5 0 200
W/10~4
SM PDFs SMEFT PDFs best-fit shift |
W x 105 (68% CL) —1.1,0.5 [—2.4,1.5] —0.2 |
W x 10° (95% CL) —2.0, 1.4] [—4.3,3.4] —0.2
Y x 10° (68% CL) —0.4,5.2] 0.6, 8.0] +1.9
Y x 10° (95% CL) —3.2,8.1] [—3.1,11.7] +1.9
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Outline Luca Mantani
.1
PDF extraction

|

|
| Simultaneous fit of PDFs and SMEFT: |
| top quark sector |

e — ——

Outlook and conclusions
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Monte Carlo method Luca Mantani

Experimental uncertainties are propagated to the PDFs via Monte Carlo
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Experimental uncertainties are propagated to the PDFs via Monte Carlo

(x—x)TC 1 (x—x)

P(xi) = 3_%
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Monte Carlo method Luca Mantani

Experimental uncertainties are propagated to the PDFs via Monte Carlo

)T () . N pseudodata samples {x;}
p(x) = @ 2\ l l l
l N ~ 1000

Each sample is a “parallel universe” in which central data has been fluctuated

Final PDF is the ensemble of N Neural Networks

Sat 1.651 GeV

\ === SM closure test, seed=1, 21/12/22
0.5 4 N === NNPDF40_nnlo_as_01180

0.1 -

00 +—7Fm—
107>
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Monte Carlo method Luca Mantani

Experimental uncertainties are propagated to the PDFs via Monte Carlo

)T () . N pseudodata samples {x;}
p(x) = @ 2\ l l l
l N ~ 1000

Each sample is a “parallel universe” in which central data has been fluctuated

Final PDF is the ensemble of N Neural Networks

NNPDF4.0 NNLO Q= 3.2 GeV
S at 1.651 GeV 1.0 1

== SM closure test, seed=1, 21/12/22

0.5 - N \ === NNPDF40_nnlo_as_01180 038 PDFS error bands ! :v

0.1 -

0'0_ T T T T T T T T T T L T T T
107> 1074 1073 1072 107! 10°

18 Ball et. al, NNPDFA4.0, 2109.02653
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The quest for New Physics Luca Mantani

Direct search (Bumps)

SM
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Indirect (scouting tails)

= New physics Is heavy

E E > EuLc

Framework to describe both precision physics and Heavy New Physics.
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The quest for New Physics Luca Mantani

Direct search (Bumps)

Indirect (scouting tails)

= New physics Is heavy

E E > EuLc

Framework to describe both precision physics and Heavy New Physics.

Np— —— __l

;; Standard Model Effectlve F|eld Theory (SMEFT) i'

e e e

40



The framework: SMEFT Luca Mantani

EZESM"‘ZZ' %O?-in %O?-F---

* Modified interactions among SM particles
“ Higher dimensional operators preserve SM symmetries.
* Mappable to a large class of BSM models.

“* Truncate at dim 6: leading corrections
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The framework: SMEFT Luca Mantani

O+ ...

Scale of NP

L=Lom+ 3 507+ Xian

* Modified interactions among SM particles

“ Higher dimensional operators preserve SM symmetries.
* Mappable to a large class of BSM models.

“* Truncate at dim 6: leading corrections
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The framework: SMEFT Luca Mantani

O+ ...

Scale of NP

L=Lsy~+ )., %O? T Z@

* Modified interactions among SM particles

“ Higher dimensional operators preserve SM symmetries.

* Mappable to a large class of BSM models.

“* Truncate at dim 6: leading corrections

EFT to-do list

“ Define target operators: e.g. top-philic EFT [arXiv:1802.07237]
* Find optimal observables to probe them
< Compute with precision theoretical predictions (both SM and EFT)

+» Make accurate measurements
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Dim-6 operators Luca Mantani

59 operators flavour universal 2499 operators flavour general
X3 S06 a’nd S041)2 ¢2S03
Qc | fABCGHGErGSH | Q, ()3 Qey (¢T0) (lperep)

g | FABOGAGEGSH | Quo | (Plo)O(ele) | Que (' 0) (Gpur?)
Qw | eEWIWIPW | Qup | (6'D*0)" (01Dup) | Qup | (#19)( @)
Qn | VKWW Iow K

X2902 ¢2X<,0 ¢2902D

Qo | ¢l9GAG™ | Qv | (o™e)r W), | QY | (p1iD,9) M)
Qe | ¢'004e™ | Qp | (Goe)eBu | QY | (61D )T v",)
Quw | eloWLW™ | Qua | (Go"T*u)5Gh, | Que | (¢liDup)@n*e,)
Qv | PeWLW™ | Quw | (Go™u)r'GWL, | QG | (p D, 9)@"a)
Qs |  ¢'0BuB” | Qus | @o"u)FBu | Q9 | (¢iD} 9) @ e)
Q5 o' p By, B™ Que | (G0 T4d)0CL | Qe | (¢4D, o) (@ u,)
Quws | oo WLB™ | Quy | (@0™d)r oW | Qua | (¢1iD,¢)(dn"d,)
Qs | ¢'TeWLB™ | Qs | (%0"d)¢Bu | Quua | i@ Dup)(@*d,)
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Dim-6 operators Luca Mantani

59 operators flavour universal 2499 operators flavour general
X3 906 and S041)2 ¢2§03
Qa | fAPCGGRrGSH || Q, (ph)? Qe (¢T0) (lperep)
Q= | FABCGAYGBrGOH || Q. (0T (0T0) Qo (010 (Gt D)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu Loyl ) (Lsy*1e) Qee (Epvuer) (Es7er) Que (Lpyulr) (€™ e:)

W | @) @e) | Quu | @pva)@tu) | Quo | Gyl (s )

51?:1) (Qp%ﬂ' @) (@7 q) | Qad (_p’Yudr)(_ﬂ“ dy) Qud (l_p’Yulr)(CZs’Y“ dy)
Quw | Gl)@a) | Qu | @ue)@yw) | Qe | (Gre) (@ e)
QY | Gy l)(@7 7 q) || Qea (&pvuer) (dsy*dy) . (@p70r) (Tsy ue)

QW | @) dard) | QR | @ T ) @y T4u,)
QW) | @ THu) (@ T4dy) | Q4 | (G vuer) (doydy)

QY | (@1.T4a,)(dsy*TAd,)
QowB ll® W,,{VBW Qaw | (go"d,)T'p WI Qi (‘PTiBu ) (dyy“d,)
Qs | #ToWLB™ | Quz | (§0"d)¢Bu | Quua | 4@ Dyup)@n"d,)

42



Theory Luca Mantani

L=Lsm+3; 507+ 7207 + .
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Theory Luca Mantani

_ 1 M5 1 6
L=Lsu+ 3, 307 + 3, 4200 + ...
Dim 6: Large humber of operators and therefore degrees of freedom

Many observables : : Break degeneracies

and final states '- | In parameter space
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Theory Luca Mantani

L=Lsm+3; 507+ 7207 + .

Dim 6: Large humber of operators and therefore degrees of freedom
Many observables : f Break degeneracies
and final states "- In parameter space

O =0 . & OINT | C; C; O5Q NLO-QCD
= Usm ; T A ij with SMEFT@NLO

Degrande et al,
arXiv:2008.11743
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L=Lsm+3; 507+ 7207 + .

Dim 6: Large humber of operators and therefore degrees of freedom

Many observables : : Break degeneracies

and final states "- | In parameter space

O —

I TAr Y with SMEFT@NLO
aad Degrande et al,
arXiv:2008.11743

Linear contribution: leading correction
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Theory Luca Mantani

L=Lsm+3; 507+ 7207 + .

Dim 6: Large humber of operators and therefore degrees of freedom

Many observables : : Break degeneracies
and final states '- In parameter space

NLO-QCD
with SMEFT@NLO

Degrande et al,
arXiv:2008.11743

O —

Linear contribution: leading correction

Quadratic contribution: useful information in many instances

43



Fitting the SMEFT Luca Mantani

The SMEFT framework connects We can probe the SMEFT by
different sectors of observables taking a global approach,
measured at the LHC. including as many datasets as
possible.

single-top

H

@ Ken Mimasu

44



Luca Mantani

Top + Higgs + VV, Quadratic NLO EFT

t
{  Top + Higgs + VV, Linear NLO EFT
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Luca Mantani
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What do we learn? Luca Mantani

Mass limits (in TeV)
N : | | i 1 | P <38x10? | 1.60
Wy % ! |2 <86x102 1 6 g
= { } ~ |2 <11x10%TV) [1.60
S1 : : : — [ys 2 <16x102]1.20
T | | i i i (sL)? < 0.04 |
. . . S ‘ . . . 2 < 17 (TeV?2
< Fits can be interpreted in = — % 1 el
UV completion models Qs | Pl <024
I % — | s’ <45x1072 |
T, 1 | s ? < 0.099
¢ Bounds on coefficient translate E % % — I.AE|2<2.2><10—2}
. U % i i i Aul* <7.2x107
on bounds on mass or couplings  j = | | e
01 | | i | i [ Aauql? <038 |
. . . . I | | | , 2 ..
< Simple case: single field extension ¢ — — e
BBi{ | | | | | Ghp, <092 |
B i % % % l§5,1° <69x107° [
T ] | | |
3 ] : ] | s, <27 x 1072
A : % : | | A2 < 1.7 x 1077
0 2 4 6 8 10 1

Ellis et al: arXiv:2012.02779
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EFT quality of fit Luca Mantani

Process Ndat ngp +th [SM] ngp +th [SMEFT O(A~2)] ngp +tn SMEFT O(A™%)]
tt 86 1.71 1.11 1.69
tt AC 18 0.58 0.50 0.60
W helicities 4 0.71 0.45 0.47
ttZ 12 1.19 1.17 0.94
1724 4 1.71 0.46 1.66
tty 2 0.47 0.03 0.59
tttt & ttbb 8 1.32 1.06 0.49
single top 30 0.504 0.33 0.37
tw 6 1.00 0.82 0.82
tZ 5 0.45 0.30 0.31
Total 175 1.24 0.84 1.14
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Process Ndat ngp +th [SM] ngp +th [SMEFT O(A~2)] ngp +tn SMEFT O(A™%)]
tt 86 1.71 1.69
tt AC 18 0.58 0.60
W helicities 4 0.71 0.47
ttZ 12 1.19 0.94
1724 4 1.71 1.66
tty 2 0.47 0.59
tttt & ttbb 8 1.32 0.49
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EFT quality of fit Luca Mantani

Process Ndat ngp +th [SM] ngp +th [SMEFT O(A~2)] ngp +tn SMEFT O(A™%)]

tt 86 1.71 |11 | 1.69

tf AC 18 0.58 0.50 0.60
W helicities 4 0.71 0.45 0.47
ttZ 12 1.19 R ; 0.94
HW 4 1.71 ' 0.46 1.66
thy 2 0.47 0.03 | 0.59 L
titt & tibb 8 1.32 0.49 |
single top 30 0.504 0.37 |
W 6 1.00 {0821
tZ 5 0.45 | 0.31
Total 175 1.24 1.14

For a linear fit, )(2 iImproves across the board

For a quadratic fit, )(2 Improves only mildly
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EFT quality of fit Luca Mantani

Process Ndat ngp +th [SM] ngp +th [SMEFT O(A~2)] ngp +tn SMEFT O(A™%)]
tt 86 1.71 | | 1.69
tt AC 18 0.58 0.60
W helicities 4 0.71 0.47
ttZ 12 1.19 - 0.94
1724 4 1.71 1.66
tty 2 0.47 0.59 |
tttt & ttbb 8 1.32

single top 30 0.504

twW 6 1.00

tZ 5 0.45

Total 175 1.24

For a linear fit, )(2 iImproves across the board

Model is less flexible and

For a quadratic fit, )(2 improves only mildly * unable to accomodate
deviations
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V Masses

The SM does not explain everything. Gravity Dark Matter

Baryon asymmetry

We look for New Physics or BSM to explain the deficiencies.

So far, the SM is undefeated: not been able to discover new particles at the LHC.
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) Where do we go from here*
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Inside the proton Luca Mantani

There is A LOT of dynamics inside a proton!
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(16 zeros)
LHC operations started around 2010 * 10000000000000000 proton collisions!!

No clear sign of new particles so far... Not enough energy?

New collider!

3 Euture
GeReyas="s s ol ;
it ShiCircular o

ps ..~ Collider =~

—_ ;-@:'3: s

_ Precise measurements Accurate calculations
Many years to wait...

We are impatient Indirect discovery!
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New interactions Luca Mantani

How can we describe the presence of new interactions?

New particles being exchanged in collisions

SM SM

SM SM

Interaction can be described without explicit presence of new states!

New framework * Effective Field Theory
51




Input assumptions Luca Mantani

SMEFT fits are highly dependent on several input assumptions

Flavour assumptions EW input scheme EFT truncation
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Input assumptions Luca Mantani

SMEFT fits are highly dependent on several input assumptions

Flavour assumptions EW input scheme EFT truncation

Parton distribution functions

NNPDF4.0 NNLO Q= 3.2 GeV
o771 g/10

1.0 -

52 Ball et. al, NNPDFA4.0, 2109.02653
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High mass DY tails Luca Mantani

Particularly interesting sector: Drell-Yan

e Used in PDFs to extract information on high-x valence quarks
e Used in SMEFT interpretations to constrain 4F operators

54



High mass DY tails Luca Mantani

Particularly interesting sector: Drell-Yan

e Used in PDFs to extract information on high-x valence quarks
e Used in SMEFT interpretations to constrain 4F operators

q -
E2
— .ANASM—I—CF

q A

do
dmygg

A

™m
54 e



High mass DY tails Luca Mantani

Particularly interesting sector: Drell-Yan

e Used in PDFs to extract information on high-x valence quarks
e Used in SMEFT interpretations to constrain 4F operators
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Future directions
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Quadratic fits: a challenge Luca Mantani

Let’s consider a simple scenario: 1 operator, 1 datapoint
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Let’s consider a simple scenario: 1 operator, 1 datapoint
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Let’s consider a simple scenario: 1 operator, 1 datapoint

Monte Carlo replica 2
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Let’s consider a simple scenario: 1 operator, 1 datapoint

Monte Carlo replica 2
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Quadratic fits: a challenge Luca Mantani

Let’s consider a simple scenario: 1 operator, 1 datapoint

Monte Carlo replica 2
Computed bounds completely wrong:

the spike dominates
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Let’s consider a simple scenario: 1 operator, 1 datapoint

Monte Carlo replica 2
Computed bounds completely wrong:

the spike dominates
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Example: CMS Mtt dataset Luca Mantani

CMS tt invariant mass my p(GeV) = 173.3
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