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OUR WORK IN A NUTSHELL L S ———

500f e TLHeC, 5 = 1300 GeV
B EIC, Vs =70 GeV

EIC, /s = 140 GeV
Loot ™ Vs ¢

x We study the BSM potential of the LHeC and the EIC 50

Q [GeV]

detailed accounting of anticipated Lol

uncertainties on [@S@@@]@ @ﬂ@{t@ f

107° 10°* 0.001 0.010 0.100 1

X

Multidimensional fits

of NC DIS cross section and asymmetries performed in the SMEFT framework

). 4

X We show that both the EIC and l.HeC can improve upon the existing bound
on the Z-boson couplings
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BEFORE STARTING ...

# nwistaik preliminary results

l y One possibile idea could be to use xFitter to

benChmark our findings

i » %/C/#Ef+ SMEFT framework

X %F/Z'TE/’ + LHeC pseudo data
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BEYOND STANDARD MODEL
Searches A SM + NP

| \ »
MLH C A Energy

maximum scale probed at LHC 4——J L__’ scale where new particles
and elsewhere appear

[~
o« Al NEeW thSlCS is assumed to be heavier than all SM states and accessible collider energy

| » SMEFT

Standard Model Effective Field Theory
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SMEFT

Standard Model Effective Field Theory

ZSMEFT = Z3M + Z v Zc(n)O(n)
n>4
by inthiswork 1, = 6
/{ Model independent
x Patterns and correlations among operators and observables are key

x What might we find?

Best case: a non-zero value for Cj
indicating a mass scale slightly above probed values

Otherwise: stringent constraints on the Ck

» suggest where to focus future searches
@ ENERGY Argonne &
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WILSON COEFFICIENTS

Dimension 6 operators
o Warsaw basis

17 Wilson coefficients affect NC Dls matrix elements at l.o

ffrv semi-leptonic four-fermion
Cows| Opws = (o't )WL, B* |C| 0} = (6v.8)(@y"q)
Con | Oup = (¢'Dup) (¢ D) |Ci7)| (Brut'€)(@y*r'q)
cy) | of) = (wD ©)({y") | Ceu | Ocu = (Eypue)(@y"u)

Ct 0(3) (¢l Dy Q) (y"178) | Cea | Oca = (Eyue)(dr"d)
Coe Ope = (o4 D )@ e) | Cou | O = (byul)(uy*u)
Csd (1) (‘P i Du ©)(@v"q) | Cea | Owa = (£y,£)(dy"d)

Ceq Ofﬁ,’ = (¢'i D, 7' 0)(@*7"9) | Cye | Ope = (a10) (E1*e)
_ T . —

Cou Opu = (' Q“ cp)(zfy“u) Z, q: left handed doublets

Cod Oypa = (¢'i D, ¢)(dy"d) e, u, d: right handed singlets

Coe O = (£y,.8) (Ev"0) @ : SU(2) Higgs doublet
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DEEP INELASTIC SCATTERING
l 4 l-o

Feynman diagrams for the partonic
process mediating

(+H >V +X

14

q q q
14 14
NLO QCD | q q,
corrections modify only the quark lines
5 & they are identical for both SM ! !
and SMEFT cross sections
q q
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SMEFT THEORY PREDICTIONS

Structure of observables

We linearize our SMEFT expressions T

T=T"+) €k 6Tx + O(C})
k

SMEFT shift associated with
the Wilson coefficient Cy,
k runs over the active Wilson coefficients

SMEFT cross section
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KINEMATIC COVERAGE

of pseudo data
o complementarity of LHeC and Elc
1000F ' ' ' ' E
i LHeC, Vs = 490 GeV ‘Data set label‘Da.ta set configuration ‘Observa.ble
00F oy LHeC, /s = 1300 GeV = —
o EIC, s - 70 Gev LHeCl ||60 GeV x 1000 GeV e p, P» =0, £ = 100 fb
’ A LHeC2 60 GeV x 7000 GeV e~ p, P, = —80%, £ = 100 fb~*
100 FIC; s =140 GV LHeC3 (60 GeV x 7000 GeV e p, P, = +80%, £ = 30 b~
5 sl % LHeC4 |60 GeV x 7000 GeV etp, P, — +80%, £ — 10 fb~ NG
) LHeC5 |60 GeV x 7000 GeV e~ p, P, = —80%, £ = 1000 fb~*
> ,': LHeC6 |[60 GeV x 7000 GeV e p, P, = +80%, £ = 300 fb~*
10k A A | ___LHeC7 )60 GeV x 7000 GeV e*p, P; = 0%, £ =100 fb~*
st y S (D4 Y10 GeV x 137 GeV e D, P, = 80%, £ = 100 fb"
D5 18 GeV x 137 GeV e D, P, = 80%, £ = 15.4 fb~* Apy
’ P4 10 GeV x 275 GeV e”p, Pr =80%, £ =100 fb~*
Ty A , | P5 18 GeV x 275 GeV e p, Pr = 80%, £ = 15.4 fb~*
10° 10~* 0.001 0.010 0.100 1 AD4 The same as D4 but with P, = 0 and Py = 70%
. AD5 The same as D5 but with P, = 0 and Py = 70% AApy
AP4 The same as P4 but with P, = 0 and Py = 70%
xT S 0.5 L AP5  JThe same as P5 but with P, =0 and Py = 70%
Q > 10 GeV
0.1 <y <0.9
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UNCERTAINTIES

o bins are ordered first in Q, then in x

LHeC

LHeC3: 60 GeV x7000 GeV ¢ p, P, = +80%, £ =30 fb™!

1 N\
0.100 \/\ \/\/\
AWA A

0.010

N/
0.001 T~ N /M
. V \VAA
5 10 15 20

bin

m ONC = ONC stat = ONC,ueff = ONC,sys = ONC,pdf

PDF set

EIC

AP4: 10 GeV x275 GeV e p, P, =0, £ =100 fb!

L~

0.100

0.010

0.001

1074

1—5
T/

1075 7

DR
{

/C‘/_\#
T
A\ ,/4

0 5 10 15 20 25 30 35
bin
m A Apy m0A Apy stat m OA Apy sy = 0A Apy pol = OA Apy pdr

NNPDF 3.1 NLO
NNPDF POL 1.1
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PSEUDODATA AND Y°

€ experiment
b bin

uncertainties

prediction

(%b — OEM + T'e;b 5Ounc,b + Z T;,e 5Ocorj,b

J
pseudodata | Ly gt € N(O1)

each correlated error has its
owhn random coefficient fr; .
b

covariance matrix i

SMEFT

expression
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RESULTS
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EFFECTIVE UV SCALES
95% CL, A/@@

2 PRELIMINARY

20,

A
Vi
p upper bound of

marginalized interval

15

10

IH.IIIHI il
I|II| [

ull Mﬂﬂ”@“ il |.||I IIlI i |I

wn P4 g AP4 g Joint EIC mm LHeCl - LHeC2 - LHeC3 - LHeC4 mm LHeCS mm LHeCG wn LHeCT pm Jomt LHeC

5

0

when we activate the entire sector of four-fermion operators, m
. 95% CL, A/N/Ce((7d fit
we observe strong correlations

14 I S”
LHeC 12 PRELIMINARY

i 16
of joint fits keep their constraining
power |

EIC

1 3
Ceu Oed C((q) C( ) C(u O{d qu
m P4 mm AP4 g Joint EIC mm LHeCl pm LHeC2 pm LHeC3 pm LHeC4 pm LHeC5 mm LHeC6 wm LHeC7 mm Joint LHeC
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CONFIDENCE ELLIPSES

Four-fermion Ck

95% CL, A = 1 TeV, 24 fit
T

95% CL, A = 1 TeV, 2d fit
006 N LOP g 5 ZD
TR ~ . .
05 TP | 9 (\0\‘) x no flat directions here
~0.0 b 05'70.0 L
e e 000 /{ LHeC more constraining than
< 00 & 00 EIC
P4 P4
[ Joint EIC -0.5 - Joint EIC-—
—0.5 - LHeCH mm LHeCT
mm LHeC7 mm LHeC6
[ ] Joiflt LHeC | JTint LHeC
~05 0.0 0.5 _1'[—]1.0 ~05 0.0 05 1.0 95%CL, A=1TeV, 7dfit 95% CL, A = 1 TeV, 7d fit
01(1) C(l) 0.06 P4 { I
! “ 40 1 40rmm Joint EIC
~ 0 ELHeEQ
\\ " . LHeC5
7D 20 \ ~— 2006 0 006] 20r= i —Joint LHeC /ﬂ/
. . . B \ .
Xflat directions emerge in S oof T~ -~ {& o
. NS
LHeC fits \j\ /Iﬁ
—o0t P4 I~ —920 0.04 i
B [ Joint EIC \
L—-—-’ lved b mm | LHeC3 N 0
resolved by | LHeCT
T .. . 40 : 40 1
individual and joint EIC fits - Joint L1eC | oo o o
and joint LHeC -0 =200 0 20 40 -0 -0 0 20 40
i cs @ Argonne &

NATIONAL LABORATORY
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17D FIT

UV effective scales

x 17-parameter fit on the Wilson coefficients that induce the semi-leptonic four-fermion contact interaction

95% CL, A/A[Ci [TeV ], 174 fit

PRELIMINARY

O =N W s Ot Oy ]

1 3 (1) (3)
Cop  Cowp CO  C® G  Cu  CY s CL Cir
P4 AP4 g Joint EIC pm LHeCl pm LHeC2 pm LHeC3 mm LHeC4 mm LHeC5 mm LHeC6 mm LHeC7 mm Joint LHeC

/{ very similar situation to 7D fit, joint fits have the most constraining power

!
»  LHeCcan probe up to 7 TeV scale Argonne &
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17D FIT

Confidence ellipses

95% CL, A = 1 TV, 174 fit 95% CL, A = 1 TeV, 17d fit
T T

T 34D EWPO fits

T

0.3] 0.3]
20t —|PRELIMINARY I \\PREU'V”NARY J. Ellis, M. Madigan, K. Mimasu
AN 10 ™ . N\ 8 V. Sanz, T. You
Y, AN \ JHEPO4 (2021) 279
10 \\\ 0.3 ] 5 / R\_Oﬁ B
X<\\_O3 0 03 AN \ 03 0 03
S ( \ - \\ s \ .
PN T NN
\
\ s ~_ WA
-10 NG T L/
B EWPO mm EWPO N
yol ™ Joint EIC ~10lmm Joint EIC N\
““lmm Joint LHeC B Joint LHeC \
-20 -10 0 10 20 -10 -5 0 5 10
Cé? Cowsn

resolving blind spots observed in the fits of Wilson coefficients in the f f V sector using Z and W pole
observables (EWPO) data

tional Laboratory is a
o rgonne
i rgonne, LLC.
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https://link.springer.com/article/10.1007/JHEP04(2021)279

CORRELATION MATRIX PRELIMINARY

jOint LHeC fit r 0.5 |-24.4-12.2| 14.9

x expected strong correlations

C(l) C(3) o ‘
( ) ™ P

of unexpected strong correlations

(Cee,Cop)  (Cpu Coa)

A non trivial relation with
experimental uncertainties
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CONCLUSIONS

95% CL, A =1 TeV, 17d fit
T

0.3]
20 A
o We performed 1D, 2D, 7D and 17D fitS ~. 0 (
of EIC and LHeC pseudo data AN 055 0 os
S </§\\ N
x LHEC can probe scales up to 7 TeV \ \h/)
~10} \\§
o (Some of) the b“nd SpOtS observed by Ellis et al. : ?{X‘E%m
are I'ESO|VEd by EIC and LHeC ‘20'-‘ Joint LHeC
20 -10 0 10 20

(1)
CW

EIC and LHeC have both great potential for BSM studies
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OUTLOOK ,
XFitter . SMEET

rerform fiMpact studies

benchmark - ; i » PDFs + SMEFT

simultaneous fit

o fit LHEC pseudo data o growing interest in the community
with SM PDFs

see Tim’s talk

95% CL, A/y/Cx [TV, 17d fit

7
6}
5
4
1
0 [angatsn| I, | S u
Cen Cows Célr/) CM(’%I) Cou Coa C«L:}) C‘fff' Coe Cu

AP4 g Joint EIC wm LHeCl wm LHeC2 mm LHeC3 mm LHeC4 mm LHeC5 mm LHeC6 mm LHeC7 s Joint LHeC
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BACKUP
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OBSERVABLES

Reduced Neutral Current (NC) DIS cross section m

2 ¢ 2 -1 42 4
daﬂ — 27T_a[1 + (1 - y)z] dU—NC Unpolarized hadron
dx dQ? Q4 dx dQ?

Polarized hadron

dzAO'f,,Nc . 47‘(’0{2 [1 1 (1 )2] -1 d2A01€TC
drdQ? | zQ? Y dz dQ?

Parity-violating (PV) DIS asymmetries

unpolarized n
Ape, — INC 7 INC
PV — T —
one T ONne
polarized 0
Ao
Adpy = —NC

(#ENERGY *75:

ONC Argonne &
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WILSON COEFFICIENTS BOUNDS
Marginalized bound of C,.

AC), = /AX2(1,¢)(F~ )k

F is the Fisher matrix of the
fitted parameters

2
quantile of the y distribution ford = 1,2
marginalized fitted parameters at confidence level ¢

Confidence ellipses

1

@ e (s (o) (6) = ave
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COVARIANCE MATRIX

Experimental error matrix

uncorrelated errors ‘—-—-—-i i»——’ correlated errors
1, ] bins

ESP _ (\/(50un6,i)2 T (50001‘,]')2)2 , 1= l

g 5Ocor,i 5Ocor,j ) i # ]

! %  full correlation among bins

SM prediction with

PDF error matrix ¥ m™ PDF member
SM prediction with
f 4 central PDF
1 NppF
PDF
B = Nore (Om,i — 00.i)(Om.; — Oo.;)
PDF “—|

! » number of PDF members Argonne ° -




COVARIANCE MATRIX

Total covariance matrix
 __ 1exp PDF
Vw — Ez’j + Eij

for joint fits, with more than one experiment

joint covariance matrix
LHeC case

PDF
Jnn/ — JeXI/) —|_ Jnn/

(V1 VEbL e R /v nn
Voo ooor o
V = . ) n,n' =1,...,7
. : are the LHeC run indices
\ Vi

V, is the covariance matrix of the
n™ LHeC set

AAAAAAAAAAAAAAAA
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MARGINALIZED BOUNDS

Four-fermion Wilson coefficients

95% CL, A = 1 TeV, 1d fit

1 3
Ceu Ced C((q) C((q) Cru Cra qu
P4 mm AP4 g Joint EIC pm LHeCl pm LHeC2 pm LHeC3 pm LHeC4 pm LHeC5 pm LHeC6 pm LHeC7 g Joint LHeC

95% CL, A = 1 TeV, 7d fit

2000

1000 I I
0

—-1000 I I
—2000

1 3
Ceu Cea C((q) C;Eq) Cru Cra qu
mu P4 g AP4 g Joint EIC g LHeCl pm LHeC2 gy LHeC3 mm LHeC4 mm LHeC5 mm LHeC6 mm LHeC7 g Joint LHeC

7% U.s. DEPARTMENT OF _ Argonne National Laboratory is a
ENERGY US. Department of Energy laboratory
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17D FIT

Marginalized bounds

95% CL, A = 1 TeV, 174d fit

15000
10000

5000 i
OmﬂﬂHﬂwm R

~5000 i

~10000

-15000

1) (3) (1) (3)
Coo  Cuws CO  C® G  Cu OV 0. G
P4 AP4 g Joint EIC pm LHeCl g LHeC2 mm LHeC3 mm LHeC4 mm LHeC5 mm LHeC6 g LHeC7 mm Joint LHeC
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17D FIT

Marginalized bounds

Joint EIC| Joint LHeC |EW diboson, Higgs, and top data
C,p [1-3.8, 3.81|[-0.019, 0.019] [-1.6, 0.81]
A
o | o 7.2 0.91
Cowp |1-9.9, 9.91{[-0.098, 0.098] [-0.36, 0.73]
A
«/U_ws 0.32 3.2 1.4
C&) [1-38., 38.]| [-0.40, 0.40] [-0.27, 0.18]
A
Ja | o1 1.6 2.1
G |-4.1,4.1]| [-0.11, 0.11] [-0.11, 0.012]
A
= 0.49 3.1 4.1
Cyu [1-38., 38.1] [-0.51, 0.51] [-0.63, 0.25]
A
\/C_u 0.16 1.4 1.5
de [-84., 84.]| [-0.82, 0.82] [-0.91, 0.13]
A
om 0.11 1.1 14
CY [1-18., 18.([-0.094, 0.094] [-0.19, 0.41]
A
\/W 0.23 3.3 1.8
O |1-4.1, 4.11|[-0.060, 0.060] [-0.13, 0.055]
A
J@ | o 4.1 3.3
Cye |1-5.7, 5.71] 1-0.16, 0.16] [-0.41, 0.79]
A
N 0.42 2.5 1.3
Cy |[=7.7, 7.71[[=0.039, 0.039] [-0.084, 0.02]
A
0.36 5.1 4.4
Argonne National Laboratory is a
ENERGY 5t ey Argon ne °
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