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 EFT-based simplified models - A link between
complete UV theory and effective theory

« Construct the UV-IR dictionary

- Examples:
« Origin of neutrino mass

 Neutrino-less double beta decay



SMEFT: An Effective Way to Depict BSM Physics
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Neutrino Oscillation Baryon Asymmetry of the Universe The Hierarchy btw EW and Planck

Some can be explained by introducing new heavy particles:

Seesaw models: Heavy neutrinos CP violation: 2HDVMV,, ... SUSY: SM particle partners

Suppose BSM physics is heavy, weakly-coupled, and obeys SM gauge symmetry
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SMEFT in Top-Down
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SMEFT in Bottom-Up

scale

Bottom-up scenario :
EFT-based simplified model

non-zero C; T T T T m e e e e e s s m e m =~ ~
l (5) (6) (M)
i C: C. I
I . (5) i (6) i (7
C>0 . EEFTZESMHrZ 0, +Z 5 0, +Z 3 O, + -
' N I ~ A A A :
[
C. =3C I V mass BLNC: Collider =~ vmassw/low A |
! ) i LNV:low-eexp  BNV:too heavy ~ LNV:low-e exp :
! ~10GeV )
\
N o o e o o o o o e o e o o - o - - o - o — — — 7’
5 1EV\IPO :Bosonic Yukawa Top 2F Top 4F
' Q TH=a0= Y@ATST T 2 % 2 202 O T T T TRYSY E QL 2 D Uo¥%V5 08 0g 0T 02 »f
. measure Eﬁyﬁﬁ&ﬁﬁ&u °I°§U&U:JUU“ﬁ’i’ti’lﬁ&““ﬁ“@o@@‘-‘o@???
Effective theory 3 b 5533975 5 5 71T LLL505
Experiment 2 - a - B



Simplified Model: Enumerating

UV scale: Enumerate the fields and construct the Lagrangian
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EFT Operators
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Simplified Model: Matching

UV scale Matching: Find Lgpt such that effective action I'gpr[¢p] = Tyv[@]
Lagrangian
Luv(é, ®] Tree-level:
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Need to reduce the effective theory to a non-redundant form



Simplified Model: Reduction

UV scale Redundancies:

e Integration by part (momentum conservation) (H'H)Q(H'H), d,.(H'H)o*(H'H)

» Group Identities (€27.£1)(er7"er), (ZLGR)(EREL)é

* Contractor of covariant derivative (p*p*H)!(|D,,D,|H), (D*D*H)'(X, H)

* EOM replacement (field redefinition)
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The UV-IR Dictionary

UV scale . 1 scalar 19 scalars 12 scalars
Enumerating . 13 fermions | 14 fermions
2 fermions

14 vectors 5 vectors
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Example 1: Origin of neutrino mass
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Example 1: Origin of neutrino mass

v'/X : can/cannot be generated at tree level

Loop:

Operators | 1 S¢ Fs5 Sg/Fg | m, OvBpB other
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Xu Li,.Di Zhang, Shun Zhou, arXiv: 2201.05082 [hep-ph]
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Example 2: Neutrino-less double beta decay

(a)

(c)

(b)

(d)

V. Cirigliano, W. Dekens, J. de Vries,
M.L. Graesser, E. Mereghetti

arxiv: 1708.09390 [hep-ph]

Yi Liao, Xiao-Dong Ma

arXiv: 190110302 [hep-ph]
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Example 2: Neutrino-less double beta decay
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Example 2: Neutrino-less double beta decay

B preserving B preserving B violating
(5,1,1,1) (5,1,2,1/2) (S,3,2,1/6) (F,3,2,7/6) (S,3,1,—1/3) (S,3,2,1/6)
(S,3,2,1/6) (S,3,3,—1/3) (S,3,2,1/6) (F,3,3,2/3) (5,3,1,—1/3) (F,3,2,—5/6)
S,1,1,1) (F,3,1,—1/3) | (S,3,3,—-1/3) (F,3,2,—5/6) (V,3,2,1/6) (F,1,2,1/2)
S,1,1,1) (F,3,1,2/3) (V,1,1,1) (F,1,2,1/2) (v,3,2,1/6) (F,3,1,—1/3)

S,1,1,1) (F,3,2,—5/6) (V,1,2,3/2) (F,3,2,—5/6) (v,3,2,1/6) (F,3,2,—5/6)

S,1,1,1) (F,3,2,7/6) (V,1,2,3/2) (F,3,2,7/6) (v,3,2,1/6) (F,3,3,—1/3)
(5,1,2,1/2) (F,1,3,0) (V,3,1,2/3) (F,3,2,7/6) (V,3,1,2/3) (V,3,2,1/6)
(S,3,2,1/6) (F,1,2,1/2) (V,3,3,3/2) (F,3,2,7/6) (V,3,2,1/6) (v,3,3,2/3)
(5,3,2,1/6) (F,3,1,2/3) (V,1,1,1) (V,1,2,3/2)

(
(
(
(

18 B preserving UV + 8 B violating UV
(0vBP w/ no tree v-mass)



Example 2: Neutrino-less double beta decay

scale Suppose Oy, is measured by low-energy experiments...
UV scale Field (SU(3), SU(2), U(1))
EFT-based
simplified model o12 (3,2,1/6)
F12 (3/ 2/ 7/6)
Find Find
possible effective
uv theory
d=6
: ; collider
measurement
|Cf1f2f4f5‘2 _ 16 |Df4 ’25121};1;1}2_6_7_1‘;};:
EW scale O JLueH O, Ourty Ouy Odruenr with relation ™ dlueH M2 eiFySp |4 THu
Ovpp ngs - yﬁplczlgs

1-loop v mass
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Summary

* The UV-IR dictionary can be used as combined searches by
means of both high energy colliders and low energy experiments

* Relations between same/different-dimension operators may
contain rich interesting physical origins

* We also provide a systematic way to reduce operator to any basis
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Thank you!







The Fermion Only Contributes tod = 7

Field (SU(3), SU(2), U(1))
S, (1,1, 1) Ou, Ocrrru
F, (1,2,3/2)

Field (SU(3), SU(2), U(1))

Se (1,3,0) On.o0,80D, Oct dbui, OcLLLH
F, (1,2,3/2)




76Ge 82Se 130r11e 136X6 76Ge 82Se 130:1'«e 136X€ 76Ge 82Se 130Te 136Xe
gl 15 6.9 11 13 13 66 99 16 12 59 11 17

Crupe || 160 73 130 200 130 65 98 160 120 61 110 180
Ceaw || 23 11 17 20 20 11 16 26 18 94 17 28
¢ Il 74 35 65 95 56 29 42 72 54 27 49 78
Cloar || 240 110 200 320 200 100 140 250 180 93 160 270
Coarr || 120 58 100 150 99 51 77 130 94 48 8 140
Crogum || 310 150 260 410 250 130 180 300 230 120 210 340
Crewdrr || 29 15 26 39 24 14 18 30 23 13 22 35

Table 7: The table shows the lower limits on the scale of the dimension-seven couplings, from
the GERDA [87], NEMO [9,/11], CUORE [7]|, and KamLAND-Zen [13| experiments, assuming
Ci(un = A) = 1/A3. The left, middle, and right tables correspond to the matrix elements of

Refs.

76

I

32|, and

83

, respectively. The limits on A are shown in units of TeV.

arXiv: 1708.09390 [hep-ph]




