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Tension between high energy data

Comparison of PDFs trained on different datasets
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Impact on the PDFs
Comparison between SMEFT and SM PDFs
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| Risk assessment |
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Number of replicas

Missing new physics
Impact of the chmce of PDF on SMEFT flts
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Future low energy data

Presentation of the future DIS programmes

| Electron lon Collider }

et /e projectiles

proton, deuteron and heavy ions
targets

Hosted in Brookhaven

Planned for 2030s

Probes large-x, low-energy

“Neutrino lon collider” at the LHC

v/ U projectiles from proton beam

proton, neutron and other nuclear targets

FASERr and SND@LHC already running

Proposed expansion for HL-LHC run
(FASERv2 , AdvSND, FLArE)

Probes large-x, low-energy

Constrain large-x antiquarks




Future low energy data

Kinematic coverage

Projection data:

* Electron lon Collider |

(EIC)

 Forward Physics
Facility (FPF)

(neutrino DIS)

Kinematic coverage
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Recovering the signs of new physics
BSM data versus SM theory predictions

CC DY HL-LHC ratio over SM predictions

1.3

- BSM signal / OA'SM ® fsm

A /5 —— BSM signal / Osy ® feic + Fpe
Opsy @ ZL sy R 05y @ Loy -

— BSM signal / osy ® foy
1 Statistical uncertainty

1 . - = SM prediction

Opsy @ Ly F 05y ® L EIC+FPF

BSM deviation
visible

[Hammou and Ubiali, 2410.00963]
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g(x,Q)/g(x Q) [ref]

Constraining PDFs with LHeC data

From literature | | PDFs uncertainties |

10.21468/SciPostPhys.7.4.051, Khalek, Bailey, Gao, Harland-Lang, Rojo

New fit based on NNPDF4.0

PDFs at the HL-LHC (Q =10 GeV) g at 10 GeV
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https://doi.org/10.21468/SciPostPhys.7.4.051

4-Fermion SMEFT corrections

10.1103/PhysRevD.106.016006, Boughezal et al.
10.1103/PhysRevD.108.075007, Bissoloti, Boughezal and Simsek

Computes SMEFT projections:

| DIS Neutral-Current corrections |

. EIC
. LHeC / ¢l
e FCC-eh
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ta = (LzY"LL)(Qrv.Qr) q q q

Cyy |O “”) = (Ley"m"LL)(Qryum' QL)
Ceu Oeu = (érv"er)(UrYu UR)
Cled Oeca = (erY"er)(drVudR)
Cou Opu = (LL’Y“LL)(UR'YMUR)
Chd Oed = (Ly" L) (dryudr)

Charged-Current not yet computed
Cle Oge = (QL’YMQL)(QR’YMQR)




Impact of @?q on EIC and LHeC projections

/ LHeC projections ;

EIC projections ':

Impact of O?q on e p, A =3 TeV, EIC Impact of O?q on e p, N =3 TeV, LHeC
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Simultaneous fit of PDF and new physics

Presentation of the tool: SIMUnet

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

[ SIMUnet: ’

* Open-source tool:
github.com/HEP-PBSP/SIMUnet

12402.03308]

e Fits PDFs and WC
simultaneously

Extra layer:
SMEFT fit

[Iranipour et Ubiali, 2201.07240]


http://github.com/HEP-PBSP/SIMUnet

Bounds on @f’q from LHeC projections

Bounds from literature | Preliminary results |

10.1103/PhysRevD.108.075007, Bissoloti, Boughezal and Simsek

A/~ Cy, [TeV] at 95% CL, 3d fit —(TeV™?)

0395% CL on Olg3 (linear scale)

= -80%, Cou~—13(CD = CH), Cry~ —0.052Cye, Coan —22(CH) +CH), Cra~0.12C,y,
80[ 0.2 -
I 0.1-
60 o0+
40 01-
| —0.2 A
20 —0.3 A
OLIIIII II"I lIllIl-IllIII 0'3
(1) (3) C ¥
ge
SM

m D4 wu P4 yuw AD4 m AP4 m LHeCl g LHeC2 mm LHeC3 LHeC4 m LHeC5 mm LHeC6 wu LHeC7 mm Joint LHeC —— 059% CL LHeC

13



Plan for the study

* Implement all NC SMEFT operators
e Compare SMEFT bounds with literature
« Add CC SMEFT corrections

* Fit simultaneously SMEFT and PDF
> Assess impact on SMEFT bounds

» Study PDF constraining potential
> Assess BSM and PDF interplay at LHeC and FCC-eh

14



Summary

» Fitting PDFs in the presence of new physics

> Risk of absorbing it e
[ You can contact me at: )
* Adding low-energy large-x data | eh651@cam.ac.uk |

> Reduce PDF uncertainty

> Can prevent new physics absorption Thank you for your

attention! J
* The LHeC study: e

> Reduces uncertainty in gluon PDF
» SMEFT studies partially performed for Olg3
> SMEFT-PDF interplay study necessary and ongoing

15
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New physics scenario: W  w—177  My=138TeV

Generation of the pseudodata —
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Number of replicas

| SMEFT Fit
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Application to the Drell-Yan sector

Disentangling PDF contamination

[PBSP, forthcoming]
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Constraining PDFs with LHeC data

10.21468/SciPostPhys.7.4.051, Khalek, Bailey, Gao, Harland-Lang, Rojo

From literature
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https://doi.org/10.21468/SciPostPhys.7.4.051

Apparition of fake deviations

Impact on predictions for other sectors

1
—— Truth
=1 Theory
$® Data

,‘ predictions (red band): o6

« SMEFT PDFs + SM | 105
| =
Data (blue dots): | 104
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= Fake deviation from SM _ 12
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Ratio to Underlying law

Impact on the PDF contamination
Flagging the BSM data

CC DY HL-LHC (FPF/ EIC)
Ng
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uu + dd luminosity 1 ctandard Model
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List of deviations

HL-LHC Stat. improved
Dataset X2 /Mdat Ne X2 /Mdat %
WTH 1.17 0.41 1.77 1.97
W—H 1.08 0.19 1.08 0.19
W+Z 1.08 0.19 1.49 1.20
W—Z4 0.99 -0.03 1.02 0.05
/H 1.19 0.44 1.67 1.58
WTW = 2.19 3.04 2.09 4.31
VBF — H 0.70 -0.74 0.62 -0.90

22




Shift of the contamination threshold

From the fit quality

Not a complete solution:

Smaller deviations can still be
absorbed

= risk at higher BSM mass

Reduction of the “blindspot™:

HL-LHC CC DY 14 TeV (EIC + FPF)

Ng
15 -2.8 0.0 2.8 5.7 8.5 11.3 14.1
1 Baseline
- 9 My,= 19.5 TeV
1.0} 1 My=17.4 TeV -
i My= 13.8 TeV
0.8
o | < New Threshold
% -
S 0.6 =
o
O
0.4
<= QOld Threshold
0.2F
0.0L— -G
0 1 2 3 4 5 §)
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Ratio to SM PDFs

Shift of the contamination threshold

Impact on PDF luminosities

ud + dd luminosity
Vs =14 TeV
1.0 - - _
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0.8 -
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My = 19.5 TeV (HL-LHC + EIC + FPF) (68% c.l.)
0.6 - My = 17.4 TeV (HL-LHC + FPF)

My = 15.9 TeV (HL-LHC + EIC)

101 102 103

My (GeV)
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New physics scenarios: 7

Generation of the pseudodata
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Constraints from current data _

* New physics scenarios

compared to constraints at
95% CL

Y (x10%)

/

3
® Y =0.00025

2
® Y =0.00015

1
/.%\%

W= 3e-05 W =8e-05

HL-LHC projections, \/
— 2103.10532

-1
Benchmark points
® v
A W
-2
—2 -1 0 1

W =0.00015

A

%4

/



New physics scenarios: Z

MZ/ — 14.5 TeV
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New physics scenarios: W

My, = 10 TeV My, = 22.5 TeV
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