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Introduction I\ l-current DIS and SMEFT

e We study NC DIS cross-section asymmetries at EIC.
e We adopt SMEFT framework to parameterize BSM effects.

e Higher-dimensional operators are built of existing SM particles:

1 n n
s Eelop

Lovprr = Lom + Y

n>4

e All new physics is assumed to be heavier than SM states and
accessible collider energy.

(n)

e We focus on nn = 6 and semi-leptonic 4-fermion O, .

e We find that the EIC can
e probe complementarily and competitively to LHC DY
e resolve degeneracies observed in LHC NC DY data fits
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Neutral-current DIS and SMEFT
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We study the NC DIS in the process { + H — ¢/ + X, where { = ¢~ ,¢" and H = p, D:

< to leading order

i . > ~. Z
3 : 0
<
X 2 at parton level
H q q q q

We parameterize the vertex factors in terms of vector and axial couplings:

; / ¢ C il
e (Lq)
), ) +ilr, ][ 1815
Yu81 ~ H1YuY585 s . 0
il 1&”
Vi q q +i7,75]] ]géfsq)

We don’t consider Yukawa or dipole interactions because they are suppressed by fermion masses,

which we assume to vanish.

SMEFT operators shift the usual vector and axial SM couplings in a gauge-invariant way: e.g.

& =g, roc), ¢ =4 +o(
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Operators that contribute to the ffV and ¢{gq vertices at dimension 6 are
(Grzadkowski ef al. [1008.4884]):

! fv \ Ulaq |

= I_Z” q)l)(h_% 1 o}, = (In.0)@r"q)

= (o Z” ToNErT o)) = (Im,T0) gy <'g)
Oq)e ((P i Dy @) (ev"e) Opy = (Er)/yg) (yHu)
q)q = (¢"i Dy @)(@7"9) Oci = (2ype) (dy"d)
q,q = (¢ iBy o) (g !q) Opy = (Eyul) (ay*u)
Ogu = (¢ iBy ¢) (77" u) Oy = (Lyul)(dy*d)
Opa = (¢ iBu @) (dy"d) Ore = (Gmua) (&)

There is one more:
Opwp = (! q))W]IwB"V = causes kinetic mixing of W3 and B
= universally shifts the ffV vertices after

diagonalization that gives physical

photon and Z boson states
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The ffV operators are already strongly bounded by Z and W pole observables
(Dawson & Giardino [1909.02000]):

Ce | 95%CL, A =1TeV

W T[] |
=

ol) = (¢'i Dy @)(@y*0) | Cl) [~0.043,0.012]

d -

0%} = (¢"i Dy Tlg)(Trree) | €} | [-0012,0.0029]
x4

Oge = (¢"i Dy ¢)(e7e) Cye [—0.013,0.0094]
x4

Opy = (¢"i Du 9)(@1*q) | Chy [~0.027,0.043]

o = (¢"i Dy Tlo) (77" ) ~0.011,0.014

Ogq = (¢"i Dy T'9)(77"7'q) | Coy [—0.011,0.014]
Axd

Ogu = (9" Dy @) (@y'u) | Cou [—0.072,0.091]
<~

Oga = (¢'i Dy ¢)(@y"d) | Cyu [—0.16,0.060]

Ogws = (9" Tl @)W}, B Cowp | [—0.0088,0.0013]

Thus, we restrict our attention only to the operators contributing to the £¢gq
vertex, which leaves us with seven Wilson coefficients of interest: Cey, C,yg,

Ciy), LY, Caus Cogy and Coe.
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Neutral-current DIS and SMEFT
00000

e e
Since we consider contributions only to
the ¢{qq interaction, we assume the usual
SM ffV vertices in our analysis: u u
! / g;elu) = ;[Ceu + (Cﬁ) - Cg)) + Cou + Cye]
1 3
¢ =g s = G — () =€) + Cu— Gyl
1
I A = T,
Al gie! = 1[Cou + (CZ) - Cg)) = Cou = Cye]
€ e
f f
s =gy
8 = gfﬁl d d
AL the same as for eeuu but with u — d and
(1) _ ) () 4 6
Céq - CZq - clq + Clq
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Neutral-current DIS and SMEFT
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Amplitude and cross section for ( + 7 — /' +

dZ(T 1 2
M= Moy + Mg+ My = Ao = = M)+ 0(Ct
v Azt A 7 dxdQ?  167x2s2 2+ 0(C)
Asymmetry definitions:
e unpolarized PV asymmetries: Apy = doy
d(TO
dU’H

e polarized PV asymmetries: AApy = o

0

dog(etH) —dop(e™ H

e lepton-charge asymmetries: Ajc = dgogz +H; T dZOEZ*H;
0 0

where
dop = i Zq:fq/H[dU' +do" +de +do ]:unpol £+ unpol. H
doy = 411 Y fyulde’ 4+do’ —do ' —do ]:pol. £+unpol. H
q
doy = 411 ;qu/H[d(f —do' +do  —doe  ]:unpol. £+pol. H
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Introduction Neutral-current DIS and SMEFT Data analysis SMEFT fit results
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Data sets, shown with beam energies and ~ Cuts on projected data:
nominal annual luminosities:

D1 | 5GeV x 41 GeV eD, 4.4 fb! Q>1GeV toavoid nonperturbative QCD

D2 | 5GeV x 100 GeV eD, 36.8 fb™"! y>01 to avoid bin migration and

D3 | 10 GeV x 100 GeV eD, 44.8 fb™" unfolding uncertainty

D4 | 10 GeV x 137 GeV eD, 100 b1 y <09 to avoid high photoproduction

D5 | 18 GeV x 137 GeV eD, 15.4 fb? background due to final-state
hadron

Pl | 5GeV x 41 GeVep, 4.4fb~!

P2 | 5GeV x 100 GeV ep, 36.8 fb~
P3 | 10 GeV x 100 GeV ep, 44.8 fb~!
P4 | 10 GeV x 275 GeV ep, 100 fb~ !
P5 | 18 GeV x 275 GeV ep, 154 fb !
P6 | 18 GeV x 275 GeV ep, 100 ! Additional cuts in SMEFT analysis:

In| <3.5 to restrict events in main

acceptance of ECCE detector

E' >2GeV tohave high-purity e~ samples

P6: Yellow Report reference setting [2103.05419]

x <05 to avoid large uncertainties from
Data set labels: Q >10GeV  nonperturbative QCD and
D, P: unpolarized PV asymmetry ) P
AD, AP: polarized PV asymmetry nuclear dynamlcs

LD, LP: lepton-charge asymmetry
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Data analysis
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Phase space of the data sets (y/s = 70-140 GeV, 0.1 < y < 0.9):

1000 A [ Apv(e)
y ( § 10°E
A E EIC/ECCE Preliminary| 10
A C Djangoh e+p 18x275 GeV, 100 fb™"
T 1 e*p > € (+X); P, =80%
= 100 Al E  with event selection
Z i
<3 wh
o E
< £
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Py Ll ul Ll i
- = = :
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T
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Introduction ral-current DIS and SMEFT Data analysis ¢ sults Conclusion

[e]o] le]e]e}

Error type APV (D, P) AAPV (AD, AP) ‘ ALC (LD, LP)
statistical (NL) | Ogtat = ﬁ I%Ustat V10P0stat
statistical (HL) \/% Ostat \/% 1% Ostat X

lated
tncorretate 1% rel. 1% rel. 1% rel.
systematic
fully correlated
1% rel. 2% rel. X
beam polarization
fully correlated
X X 2% abs.
luminosity
lated
uncorrelate X X 5% x (ANLO — ABor)

QED NLO

fully correlated
v v v
PDF

PDF sets used: NNPDF3.1 NLO and NNPDFpoll.1
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Data an

000000
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A 7 0.100 A
0.010 _w/ . I\‘N VAV_/\/
0.010 0.001 o 0.010 c b,Do(y\)l\,,\/\/
- 0.001 Ay
10"
0.001 ) IR 104 N, JAN £ MNW
107 AV M N \V{w I
o oo AV/\/\/ i
§NAN
10 i 10
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bin bin bin
— A, — Al — A
Ttat (NL) e Tyt (HL) Ttat (NL) e Tyt (HL) — Tstat
—— 1% sys (rel) eeuen 2% sys (rel) —— 1% sys (vel) eeen 2% sys (rel) — 1% sys (rel)
1% pol (rel) 29% pol (rel) Tl
—— Tpdr —— Tpdr Tpdr

Tnlo

o Bins on the horizontal axes are the good x and Q? bins.
e Stat error dominates in PV asymmetries in NL case.

e Systematic and errors become comparable to stat error in HL case.

e Luminosity error dominates in LC asymmetries.

e Stat error competes with luminosity error at high-x high-Q? bins.

e PDF errors are the least dominant in unpolarized PV asymmetries but become significant

in the polarized case.




Data analysis

O000e0

Pseudodata generation:

A;?eudo,b = Aguy + 1y o 1/ oger
b € Range(Npy), ¢ € Range(Nexp), Nexp =10°, 1,7/ ~ _x(0,1)

unc

T = Ustat,b D US)"Sr[’ Utvmc = UOstat,b ‘1,\ s,b Onlo,b
Jl(;or - O'pol/b (T[SUI‘ = Olum,b
SMEFT asymmetry expressions:
N )
Asmertp = Asmp + ) Ck0Aky + O(Cp),  Nit € Range(7)
k=1
X2 function for each pseudoexperiment:
Nbin
2(e) _ (e) (€)
X = . b;:l[ASMEFT,b — Apseudop) How [ASMEFT Y — Apgeudo ]
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Data analysis
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Polarimetry and luminosity difference can be limiting factors.
= use data itself to constrain these systematic effects

= simultaneous fits of Cy with beam polarization, P, and
luminosity difference, Apyy, in an attempt to obtain stronger bounds for Cy,

Fits of C; with P:
. N ( p)2
. in (P—DP)
X =) [PAsvgrry — Ag:;)eudo ol [Hur| | [PAsmerry — A;?eudo vt
by =1 ! Tpol =7 ! 2
unpolarized PV asymmetries: polarized PV asymmetries:
e [p(C, P)[ 207 * |p(Cr,P)| 02

Improvement is more significant than worsening = include P in fits.

Fits of C; with Ajym:
o e © ©
o (e) e [3
X = , l;l[ASMEFT'b — Apseudo,b — /\|“m] {HM’ . ,):| [ASMEFT,b/ - Apseudo,b’ — A\um]

Mild correlations, |o(C, Ajym )| < 0.4, leading to [[SS20NEaREHBOURGS

= do not include A}, in fits.
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SMEFT fit results
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{c,,L at 95% CL, A = 1 TevI

2 W

<o o % D o™ O D D NGO DD > B
S R IR MR R U QPR RS R
unpolarized Apy polarized Apy lepton—charge A
In terms of the strength of bounds:
e proton > deuteron

5th gets)

e low-lum. high-energy (4" sets) > high-lum. low-energy (
e unpolarized PV > polarized PV > lepton-charge

e improvement: unpolarized PV > polarized PV if NL — HL
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SMEFT fit results
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A/NCou [TeV]at 95% CL, A = 1 TeVI

1 1 1
v o

—1
]

[ R e R 2 R S L S =)

» 0 o» 0 » 0 o o0 » 0 o 0 » 0 o o0 » L0 o o0
FIXE FEPL FEPE PSS SIS
unpolarized Apy polarized Apy lepton—charge A

e UV scales ~ 3 TeV in NL case
e UV scales ~ 4 TeV in HL case
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SMEFT fit results
0000000

Compare the bounds from deuteron vs. proton data in the
nominal-luminosity case for all the three types of asymmetries:

4 95% CL, A = 1 TeV | 4 5% CL, A = 1 TeV
| | /

A L7
NEr. v aREpY
LA M | A1
VZIE 7 e

\x
<

o
[\
'S

e Unpolarized PV asymmetries lead to strongest bounds.
e Proton data imposes stronger bounds.
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Introduction Neutre alysis SMEFT fit results
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Compare the bounds from deuteron and proton data of unpolarized

PV asymmetries to the 8-TeV 20-fb~! LHC NC DY data
(Boughezal, Petriello, & Wiegand [2004.00748, 2104.03979]):

| \M o Siip
\Q = A

-1

LHC LHC |

~ (NC DY) T (NC DY) ||

"o -1 0 1 2 o9 -1 0 1 2
C’:" C{’,IL

The LHC fits are highly degenerate and exhibit a flat direction, which
remain even in the high-luminosity case. The EIC can resolve and
constrain this parameter space strongly.
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Introduction current DIS and SMEFT sis SMEFT fit results

[e]e]e]e] lele)

Compare proton data of unpolarized PV asymmetries to the 8-TeV 20-fb !
LHC NC DY data (Boughezal, Petriello, & Wiegand [2004.00748]) when the
LHC fit doesn’t have a flat direction:

9——105% CL, A = 1 TeV
1 ///

| g

/ LHC

-1 ~ (NC DY) ||

o L aas e

2o 1 0 1 )
)
q

When the LHC fit gives a strong bound without showing a flat direction, the
EIC can constrain the same parameter space even more strongly.
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Introduction Neutral-current DIS and SMEFT S SMEFT fit results

00000e0

N Mo |
2 10 o4 |
3 10% NE l i

T | i
4 10°
—04 |
6
5 10 o8 i
6 107 Ceu Cea ay e Cin Ce
8(?1
7 107 —_P41dfit P4 6d fit

e Number of pseudoexperiments increases to reflect the
required statistics.

e Beam polarization parameter, P, is not included here.

e Bounds become 25 to 40% weaker due to increased
number of fitted parameters and correlations among them.
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Introduction Neutral-current DIS and SMEFT S SMEFT fit results
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Compare the two-parameter fits of Wilson coefficients to the
projections from a six-parameter fit:

s oL A= S YN T SN vy oy ey
1 1 1
"y ) 17 7
| (] © U/ S 7
-1 —Pa2dfit]| ! —Pa2dfit|]| ! — P42d fit
P4 6d fit P4 6d fit P4 64 fit
o -1 0 ] 2 I -1 0 1 2 I -1 0 1 2
Cou Ced )
. . 1 3
e The eeuu vertex contains the combination Cé q) — Cé q) and

the eedd vertex has Cg) + Cg).

e These may lead to degeneracies and flat directions in a
multi-parameter fits of Wilson coefficients.

e The EIC can resolve this part of the parameter space,
imposing strong bounds.
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Introduction N ral-current DIS and SMEFT : ysis & fit results Conclusion

e0

e We investigate the BSM potential of EIC in the
model-independent SMEFT framework by focusing on
semi-leptonic four-fermion operators at dimension 6 by

giving a detailed accounting of uncertainties.

e We obtain bounds on Wilson coefficients from single-,
double-, and even multiple-parameter fits by using
techniques to simultaneously fit P and Ay, together with
SMEFT parameters.
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Introduction Neutral-current DIS and SMEFT analysis SMEFT fit results Conclusion

[ ) 000000 000000« oe

e We find that UV scales up to 3 TeV (or 4 TeV) can be

probed with nominal (or 10x high) annual luminosity.

e We observe that the strongest bounds come from
unpolarized PV asymmetries of proton.

e FEIC is shown to be complementary and competitive to
LHC NC DY by

e equally or more strongly confining the Wilson coefficients
with distinct correlations;
e resolving the degeneracies observed in the LHC data.
EIC was designed as a QCD machine and it shows strong

potential for BSM physics.
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