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Standard Model Effective Field Theory

® EFT constructed from the SM fields with the full SM gauge group
00 v(d)
i (d)
Lsyert = Lom + Z Z —9;
d=5 1 ANP
° C;(“: W(C capturing the short distance physics

OV Effective operators encoding the long distance physics

%

Ayp @ NP scale

Focus only on dimension 6 operators with vanishing SM interference
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Drell-Yan within the SMEFT

e Several works! on high energy Drell-Yan
tails in the SMEFT

® Constraining mainly four-fermion
operators

® Energy enhancement relative to SM
cross section
d&SMEFT/d&SM N C? ¢
2 2 4
dg dg A p

12207.10756, 2002.05684, 2003.12421 ...
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https://arxiv.org/abs/2207.10756
https://arxiv.org/abs/2002.05684
https://arxiv.org/abs/2003.12421

What about neutrinos ?
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Drell-Yan to dineutrinos

® neutrinos and charged leptons are part
of the same SU(2)-doublet
= correlations between the WCs

® However the ¢*-Spectrum is not
measurable at the LHC
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Drell-Yan to dineutrinos

® neutrinos and charged leptons are part
of the same SU(2)-doublet
= correlations between the WCs

® However the ¢*-Spectrum is not
measurable at the LHC

® Analyze = P -Spectrum
e Consider pp — v + jet

® Partonic process:

4,9 — Vg
4;9 = Vvg;

4;q4; — vvg
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Parton process: ¢, — q;vv
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® Analyze ratios of cross section in the high energy regime (¢ ~ M% < PTQ,, s)

_do; /dogy,
- dP,/ dPy

Ry

e four-fermion contact terms

-2
(1> (3) 2 2 S

Ryp o Z <|Clq,klz‘j + Cryaijl” + 1Cruya,riigl ) T

k,l=v_,v, v NP

e st
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® Analyze ratios of cross section in the high energy regime (¢* ~ M7 < P2, 5)

_do; /dogy,
- dP,/ dPy

Ry

e four-fermion contact terms

-2
(1> (3) 2 2 S

Ryp o Z <|Clq,klz‘j + Cryaijl” + 1Cruya,riigl ) T

k,l=v_,v, v NP

e st

® gluonic dipole operators

§2

Rg x (’Cu/d(;,iﬂ? + |Cu/dG,ji|2) o
NP
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® Analyze ratios of cross section in the high energy regime (¢* ~ M7 < P2, 5)

_do; /dogy,
- dP,/ dPy

Ry

e four-fermion contact terms

-2
(1> (3) 2 2 S

Ryp o Z <|Clq,klz‘j + Cryaijl” + 1Cruya,riigl ) T
k,l=v_,v, v NP

e st

® gluonic dipole operators
§2

Rg x (’Cu/d(;,iﬂ? + |Cu/dG,ji|2) o
NP

Fully energy enhanced
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e EW dipole operators ( ¢y = cos Oy, Sy = sin Oyy)
2 2 §’l)2
Ry x (|CWCu/dW,ij - SWCu/dB,ij| + |CWCu/dW,ji - SWCu/dB,ji| ) AT
NP

= Partial energy enhancement
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e EW dipole operators ( ¢y = cos Oy, Sy = sin Oyy)

Sv°

2
Rpy (|CWCu/dW,zj SWCu/dej| + |ewC w/dW ,5i SWCu/dB,ji| )AT
NP
= Partial energy enhancement
® EW penguin operators
4
2 [
wq w‘ +1C /a4l > T const
NP

®a, ZJ

Rypx <|C

= No energy enhancement
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Total contribution of different operators
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Bounds on four-fermion operators

® Bounds (139fb~!) and HL-LHC projections (3000 fb~ 1)
e Recast of ATLAS analysis!

® Bounds derived on effective WC (A5 p = 1TeV)

Cijersr limits  projections

uc 0.08 0.06
ds 0.11 0.09
db 0.14 0.10
sb 0.37 0.30

3) 2 2
m eff — Z |Clq wij T Cro il + 1Crusd,ril

1arXiv:2102.10874
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https://arxiv.org/pdf/2102.10874

Comparision with existing bounds

® SU(2) allows connection with charged dilepton results

® Bounds on 7 couplings are generally stronger using pp — vv + jet than charged dilepton
Drell-Yan (¢*-Spectrum)

process cull’ TT et U
pp— K 5.6 4.7 5.1
K—w+r K& [21.9,07-1072 1.1x1072  1.1x 1072
pp— v+ X Kl 5.7 (4.6) 41(33) 41(33) !
pp— v+ X el 4.2 (3.3) 20(22) 29(22) !

® Bounds on other couplings (e or p) are generally weaker

!New results derived form MET+ jet

HEFT 2024 - D. Wendler
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Summary

® The signature missing energy + jet can be used to extract bounds on several SMEFT
operators

® Qverall 14 operators can be constrained

® Bounds from pp — v + jet on four-fermion operators involving 7-leptons and cu dipole
couplings are found to be complementary and competitive

e Caveat: New ATLAS analysis! on differential cross section seems to not yield consistent
results so far (Work in Progress)

® Qutlook: Combine different sectors, such as charged dilepton DY, low energy observables,
flavor and more

arXiv:2403.02793
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https://arxiv.org/pdf/2403.02793

Summary

® The signature missing energy + jet can be used to extract bounds on several SMEFT
operators

® Qverall 14 operators can be constrained

® Bounds from pp — v + jet on four-fermion operators involving 7-leptons and cu dipole
couplings are found to be complementary and competitive

e Caveat: New ATLAS analysis! on differential cross section seems to not yield consistent
results so far (Work in Progress)

® Qutlook: Combine different sectors, such as charged dilepton DY, low energy observables,
flavor and more

Thank you for listening to my Talk |

arXiv:2403.02793
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https://arxiv.org/pdf/2403.02793
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Backup
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Effective coefficients

® Cross section is only sensitive to certain combinations of WCs
e four-fermion contact terms

F 3
Cij = Z |Cllq,ijkl + Cpiiml® + 1Cruya,nisl?

k,l=e,u,7
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Effective coefficients

Cross section is only sensitive to certain combinations of WCs
four-fermion contact terms

F
Cy = Z Cla, ijkl T Clq igntl? T 1Cruya pizl®

k,l=e,u,7

Gluonic dipole operators

Cg - \/|Cu/dG7ij|2 +1Cuac,jil?

Electroweak dipole operators

EW __ : 2
G = \/ | cos Oy Cowy 15 — sin Oy Cyp i5l? + [ cos Oy Oy ji — sin by Cy 53

Penguin dipole operators

)
Ci = \/‘q(pq,ij|2 F1Cpusa,il?
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Vi
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dPp ~ 122 832 g1 — 22
ddplasg = vig) o, CE7Br(Z o) M3? | 2 1y
apr; 24 T
doy (g9 = vrg;) - 50,C" 1 \/—< )32
APy 432272 A ’
do gw(q:9 — vrg;) N S(ng) Br (Z —UU) 2 "
aP; - 6v2 A pVEVT— a2

do (g9 — vivg;)

CZ.C;QBr (Z = w)

dP,
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Comparision with existing bounds

® Bounds on 7 couplings are generally stronger using pp — vv + jet than charged dilepton

Drell-Yan (g*-Spectrum)

e Comparing rescaled coefficients!

process cull’ TT et Ut

pp— KMy 56 4.7 5.1
pp— v+ X |1ch“”/|1;’;]. 5.7 (4.6) 4.1(33) 4.1(3.3)
pp— v+ X RPN 42(33) 29(22) 29(22)

® Bounds on other couplings( i.e. e or 1) are generally weaker

1arXiv:2007.05001
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https://arxiv.org/abs/2007.05001

Gluonic dipole operators: uc-coupling

e Comparison with bounds® derived from rare charm decays
ICuc a2l = [Cug o1l < 1.3 % 1073
® Bounds derived from pp — v + jet

|CuG,12| = |Cuc,21| <8x1073

arXiv:1701.06392

HEFT 2024 - D. Wendler
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https://arxiv.org/abs/1701.06392

Four-fermion operators

(1) 3)

£8 52 (Ly,1) (37" a;) + —=22 (4, 7h) (@77 7'a;)
NP NP
Clu,i _ Clazsm ; ]
n lu,ijkl (lk’ml ) (ui’y“uj) i jldz jkl (l}ﬂpll> (dﬂ”dj>
NP NP
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Gluonic dipole operators

o C, .

2
NP NP
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/-vertex corrections

CuW iy, _ ~ CdW _
[:6 ) /12 : (QzauuujTIng/fu) + /12 . (QZJMVdjTISOWJU)
NP NP
CuB iy, dB,ij , _
+ 2 ! ( io-#yuj(poy) + A2 : ( 7 Mud‘jnguy>
NP NP
@ o 3 o
+— (w*z D, w) (a7"q;) + —— (sofz D! s0> (g;7""q;)
ANP ANP
wu,ij pd,ij
™ A2 <90TZ D, 90) (7"uy) + 12 (QPTZ D, 90) (diy"d,)
NP NP
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Recast

znt
OSMEFT = Osm T Z A2 o+t Z
i\j

i

UFO model: SMEF Tsim(aniv:2012.11343)

® Cross section : MadGraph5 (ariv:1804.10017)

Showering and hadronization: Pythia8 (aniv:2203.11601)

Detector simulation: Delphes3 (arxiv:1307.6346)
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