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L|near SM extenS|ons Granada dictionary: de Blas, Criado, Péerez-Victoria, Santiago arXiv:1711.10391

MatchingTools: Criado arXiv:1710.086445

Name S 0, O3

e Patterns of minimal tree-level deviation from the frep  (1,1), 5 1,3, (LY, (1,4,
SM can be understood in terms of linear SM T —— z
extensions Irrep  (3,1)_; 2 . ) . (3,3)_,
Name O
L ~SM-SM-X+SM-SM-SM - X + --- Ireep  (6,1),

Table 1. New scalar bosons contributing to the dimension-six SMEFT at tree level.

e 48 exotic multiplets generating d = 6 operators
at tree level

. . . Name N E Al A3 Y 21
e (atalogued in the Granada dictionary rep  (L,1), (L1, (L2)_; L2_s (1,3), (1,3)_,
: . . Name U D Q1 Qs Q7 Ty T,
e Fermions are vector-like or Majorana rep  (3,1): (3,1)_: (32): (32)_s (3,2): (3,3)_: (3,3):

Table 2. New vector-like fermions contributing to the dimension-six SMEFT at tree level.




n,ee_level UV/IR dictionary Granada dictionary: de Blas, Criado, Pérez-Victoria, Santiago arXiv:1711.108391

MatchingTools: Criado arXiv:1710.086445
Fields Operators

S Op4, Oy, Os0, OsB, 0¢1§, Osw , 0¢W, Osa, 04,@-, Octy Odgpy Oug
: ®

On
s, O. Name S S, S, © = =1 0, O3
© Ole. Og‘), Og?,,), O&), Oc(:i)’ Oledy: Of)'}z)()d’ Ol(:gu’ Op, Ocss Oy Ous Irrep (1, 1)0 (1, 1)1 (1, 1)2 (1, 2)% (1, 3)0 (1, 3)1 (1, 4)% (1, 4);25
= Opa, Oy, Osp, Opn, O , O wis Ocoy Odo, O
h ¢4, Yo, VoD, Ugll, VoW B, VawRB: Vep, Vdo, Vug R Wi Wo Wi I, 1T, ¢
=1 Ogp4, Os, Ou, Os, Osp, O, Octs Odsy, Ous
0, Oy D.3 Four-fermion Operators ) L (3’ 2) z (3’ 3)_§
0; 0, D.3.1 (LL)(LL) -
. P

1 3 1 3 1 8 1

w 0N, 0P 00 0, 0., 08, 08, 0b o * L 3, (8,2),
Ol(:gu Ol(ggu: Od‘uq: quth OQQQS Oduu (Cu)"kl =(yS1 )rﬂgySI )rik + (ysl )rk;(ygl)ﬂj - (_gg)rkl(g_lg)ﬂ'j 2 ’ 2
Y M MZ 2M

wy  Oud Str Zir Br : L
0i Ouws O, O B (g )rii (gL )ri .\ (L) et (G )i o the dimension-six SMEFT at tree level.
by 0, G,
7 O, O, Ot(el )u’ 0,(3 )u qq q9 \= aq 99\ 99 \x (,99

(1) ~(3) ?l) (g) c) =(y“’1)""°(y“’l)rlj 3(yc )"’“(yc )rlj (Yo, )rieWa, )it | 3(yr)e; (yr) rai
¢ Ogq» Oqq» Oy Oz% » Ogqq H 99 ) iiki 2M2, T 9 Mg T 4M3 T AM3
3 081)7 04(13)’ 021)? Ot(ui) J Oc(;i)qu O((;i)qd q ) q q rq q q . r
%  Ou B (QB)rkl(gB)m'j ~ (98)rki(98)ra N (gg)rkl(gzg)rij B S(W),kj(gu),a, (D.12) As n o
0 o 2M2 12M2 (1L,2)_s (1,3), (1,3),

(1) ~(3) > * .
T Ogq. Og @D WD )W | )W) () mes (Yt Q Q T T
e o, o, ol ol o gk 2M2 oM2 T aMZ_ 1 aM2 ’ ' 1 X

qu» Mqu s Mad » Yad ' M qugd Wiy . C; Qi T, (3’ 2)—§ (3, 2) 7 (3’ 3)_ 1 (3’ 3) 2

. _ GWIra(gi)rii _ (95)rki(9)rit | (91)rs(9r)ris , (97)rks(gr0)ri S : 3 3

Table 7. Operators generated by the heavy scalar fields int 8 M]%V : 8 Mgr 48 M,?{ ) 32 M,?{ ) ’

D13) 8 to the dimension-six SMEFT at tree level.

Bottom-up




One-loop tools

C O‘D E x/ - DOWNLOAD

Impressive recent progress in automating one-loop

m atc h i n g : . MATCHETE
ey S MATCHETE ® Few o
o CoDeX implements UOLEA results
e MatchMakerEFT implements diagrammatic matching @

e Matchete uses functional techniques (built upon
MATCHMAKEREFT

SuperTracer)

CoDeX: Bakshi Chakrabortty, Patra arXiv:1803.084403

UOLEA results: Drozd, Ellis, Quevillon, You arXiv:1512.0636063
Ellis, Quevillon, You, Zhang arXiv:1604.062445
Ellis, Quevillon, Vuong, You, Zhang arXiv:2006.16260
Larue, Quevillon arXiv:2303.10203

MatchMakerkEFT: Carmona, Lazopoulos, 0lgoso, Santiago arXiv:2112.16787

SOLD: Guedes, 0lgoso, Santiago arXiv:2383.16965

Matchete & SuperTracer: Fuentes-Martin, Koenig, Pages, Thomsen, Wilsch arXiv:2212.04510, arXiv:2012.088506




GOing paSt tree level Bonnet, Hirsch, Ota, Winter arXiv:1284.5862

Aristizabal Sierra, Degee, Dorame, Hirsch arXiv:1411./038
Cepedello, Fonseca, Hirsch arXiv:1807.00629

Bakshi, Chakrabortty, Prakash, Rahaman, Spannowsky arXiv:2103.11593
Naskar, Prakash, Rahaman arXiv:2265.06910

e |oop-level comp[etions of dimension-5 Weinberg operator E.g. Scalar interactions allowed @ one-loop and dimension 6
known up to three loops, for dimension-/ analogue up to Vertex S. No. Light fields Heavy field(s)
one m\\ VI-() | ¢ =d2=Hy,yyor H, O, € {(1,3,£1), (1,1, 1)}
Cepedello, Esser, Hirsch, Sanz arXiv:2207.13714 S it (nftititittil mllieiiiit ettt
e Methods extended to general loop-level studies of e.g. 0’ ool I P e {50, (LLO)
four-fermion operators &, € (Res, Ris, Ya), s € (Res, Riy, Vo)
PR <: V2 ¢1=H or H' with Re, ® Re, =1, Ry, ® Ry, =2
e Diagram-topology analysis of one-loop contributions to all bl b e
dimension-6 and dimension-8 operators M\‘x’/% V&<>¢=¢=¢3=HH' _______ @e{<14ﬂ=)(12¢>} _____
e SOLD provides complete one-loop dictionary for subset of R bl i e e
operators at dimension 6. Mathematica package for results b e | VEQ) ér=H, ¢o=H' &y € ({1, Rc}, {1, Re}, {0.Y}), & =@}
Guedes, 0lgoso, Santiago arXiv:2303.16965 \‘x’, ] 8 e (Row RuYa), b € (R RuuY) |
AN V(i) $1 =2 = H or H' with Re, ® Re, = 1, Ry, ® Ry, =1 or 3

. . D2y \ Py /
Results in terms of exotic - and Ys + Yy = £1.
gquantum numbers —




Our approach: overview

Linear SM extensions are a physically motivated subset of toy models that parametrise tree-level deviation from
the SM

Primary aim: Use these tools to extend results for the
linear SM extensions to the one-loop level

Extend Lagrangian MatchMakerParser:
sufficient to generate
dimension-6 operators

at one loop

Parses Mathematica to
Python, writes classes
for each multiplet




Lagrangian

e Similar assumptions to tree-level dictionary: limit

ourselves to scalars and vector-like and Majorana fermions.

Our Lagrangian matches the conventions of the tree-level
dictionary

e \We don’t consider mixed terms

e For one-loop matching, only need to alter scalar
Interactions

AZ =) I(HH)S'S) + I H o) H)+ ) 7(OTi0)(H oH)
S i€{1,3}
+ ) A (UH)H'L) + A Tr{(@7 - AH)(H'® - 1))
i€{1,7}
+ Y Lfp (SISO H 6 H)
Se{l, Y}

. 8 ..
+ {ﬂg)lﬁ(®{€1 AT O H 6 H) + A Tr[(H'® - A)H'® - )] +h.c. }

Bakshi, Chakrabortty, Prakash, Rahaman, Spannowsky

arXiv:2103.11593
Vertex S. No. Light fields Heavy field(s)
N VI-(i) | 61 =02=H,y or Hf , 1 o, € {(1,3,£1), (1,1,£1)}
\>_ I T B P e e e B L Ty

e — - - e -

®s € {(1,3,0), (1,1,0)}

‘1’2 € (RCZi RL??Y2)7 ‘1’3 € (RCJ’RL:H Y3)

with Re, ® Re, =1, R, @ R, =2

and Yo + Yy = :1:%.

&4 € {(1,4,£3), (1,2,£3)}

(1’4 € {(1,4,i%)a (l’ 21:&%)}

Py € ({la RC}’ {19RL},{0aY})a ¢y = (piti

Q3 € (RC:H RL3>Y3)a 4’4 = (RCuRLu Y‘i)
with Re, @ R, =1, R, @R, =1or3

and Y3 + Yy = £1.




Reading the Lagrangian and parsing the output: MatchMakerParser

O 00 = @& github.com ¢ © |+
[ Written d lightweight [1? ¥ main ~ MatchMakerParser / python / Granadazeta_matching.py 1 Top
Wrapper around Feyn Ru es to I\ Code :| Blame 222 lines (160 loc) - 870 KB Raw [_g &, / - @
] 30 class GranadazetaMatchingResult(python.matchingresult.GenericMatchingResult):
M M 31 def __init__(self, name='Granadazeta',K scale=91.1876):
encode Lagrangians with less . wupex()_ inis. (nams, scale)
33 self.Mzeta = 1
1 34 self.yqlzeta = np.ones((3, 3))
boilerplate code and more -
. 36 self.yqqzeta = np.ones((3, 3))
ConSIStency ChECkS 37 self.yqqzetabar = np.ones((3, 3))
38 self.lambdaHatzeta = 1
39 self.lambdaHatzetabar = 1
40 self.lambdaHatPrimezeta = 1
41 self.lambdaHatPrimezetabar = 1
42 self.nonvanishing = ['alpha03G', 'alphaO3w', 'alphaOHG', 'alphaOHw', 'alphaOHB', 'alphaOHWB', 'alphaOHBox', 'alphaOHD', 'alphaOH', 'alphaOuG', 'alpha
° ° ° 43
e Asimple implementation of @ der sionaosotsel, )
45 return 1/1920 * (self.g3)*x(3) * (self.Mzeta)**(-2) * self.onelooporder * (np.pi)x*k(-2)
° ° L6
missing PythonForm to parse et slomoset(eett .
48 return @
Lts f :
results from MatchMaker SO
51 return 1/480 * (self.g2)**x(3) * (self.Mzeta)*x(-2) * self.onelooporder * (np.pi)**(-2)
52
53 def alphaO3wt(self, ):
54 return @
55
e Qutputs are Python classes G det alphaoiS(self, ):
57 return -1/128 * (self.g3)*k(2) * self.lambdaHatzeta * (self.Mzeta)*%x(-2) * self.onelooporder * (np.pi)**x(-2)
[ [ ] 58
with coefficients as methods. 9 def alpamst(ses, ): 13
60 t (%] "/
" return C ( . )_1/3
62 def alphaOHW(self, ):




Reading the Lagrangian and parsing t

: from python.Granadazeta_matching import GranadazetaMatchingResult

: zeta_matching = GranadazetaMatchingResult(scale=1e3)

(X X : zeta_matching.alphaOHD()
. . . : -0.0063515302515737395
® ertte N a |.| g htwe | g ht [l ¥ main ~ MatchMakerParser

wrapper around FeynRules to [ cod JHiBiimal] 222 Lines (150 Loc 13]:

30 class GranadazetaMatchingRes
M M 31 def __init__(self, name=
encode Lagrangians with less . wupex()__init.. (nam
33 self.Mzeta = 1
1 34 self.yqlzeta = np.ones((3, 3))
boilerplate code and more .
. 36 self.yqqzeta = np.ones((3, 3))
ConSIStency ChECkS 37 self.yqqzetabar = np.ones((3, 3))
38 self.lambdaHatzeta = 1
39 self.lambdaHatzetabar = 1
40 self.lambdaHatPrimezeta = 1
41 self.lambdaHatPrimezetabar = 1
42 self.nonvanishing = ['alpha03G', 'alphaO3w', 'alphaOHG', 'alphaOHw', 'alphaOHB', 'alphaOHwWB', 'alphaOHBox', 'alphaOHD', 'alphaOH', 'alphaOuG', 'alphal
° ° ° 43
e Asimple implementation of @ et sina0a(selt, )
45 return 1/1920 * (self.g3)*k(3) * (self.Mzeta)**(-2) * self.onelooporder * (np.pi)*x(-2)
° ° L6
missing PythonForm to parse e s teett
48 return @
results from MatchMaker o |
ef alphaO3w(self, ):
51 return 1/480 * (self.g2)*x(3) * (self.Mzeta)*x(-2) * self.onelooporder * (np.pi)**x(-2)
52
53 def alphaO3wt(self, ):
54 return @
55
e Qutputs are Python classes s aer alpnaoioel, ):
57 return -1/128 * (self.g3)*k(2) * self.lambdaHatzeta * (self.Mzeta)*%x(-2) * self.onelooporder * (np.pi)**x(-2)
[ [ ] 58
with coefficients as methods. 9 def alpamst(ses, ):
60 t (%] "/
. ceturn ¢~ (33) 1
62 def alphaOHW(self, ):




Wilson: Aebischer, Kumar, Straub arXiv:1804.085033

Connection to Python ecosystem flavio: Straub arXiv:1810.08132
MatchingDB: Criado gitlab.com/jccriado/matchingdb

e Plans to put one-loop dictionary on PyPI for easy use with other tools

e Limited searching and querying ability, looking into other export options

XX
~ fmport wilson
import flavio C ~ (393)—1/3

from oneloopdict import ZetaMatching
SCALE = 1e3

# Get coefficients
zeta_matching = ZetaMatching(scale=SCALE)
coefficients = zeta_matching.coefficient_dictionary

# Calculate!

zeta_wilson = wilson.Wilson(coefficients, scale=SCALE, eft="SMEFT", basis="Warsaw")
prediction = flavio.np_prediction("a_mu", zeta_wilson)



http://gitlab.com/jccriado/matchingdb
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https://github.com/johngarg/linear-one-loop-dict-ref/blob/main/dict/1/13.txt
https://github.com/johngarg/linear-one-loop-dict-ref/tree/main/results/1
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https://github.com/johngarg/linear-one-loop-dict-ref/blob/main/dict/1/13.txt
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https://github.com/johngarg/linear-one-loop-dict-ref/blob/main/dict/1/13.txt
https://github.com/johngarg/linear-one-loop-dict-ref/tree/main/results/1

Ellis, Quevillon, Vuong, You, Zhang arXiv:20086.16260
T ree generated
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Bakshi, Chakrabortty, Englert, Spannowsky, Stylianou arXiv:2183.15861
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— T A (AU
Onc = H'HG,,,G
Conclusions and outlook

Ong = H'HB,, B

e Computational tools are essential for the publishing and querying of UV/IR

dictionaries going forward

e We use MatchMakerEFT and our MatchMakerParser to present our UV/IR dictionary

for the linear SM extensions at one loop

o Useful tool for phenomenological analyses and general studies




@HG — HTHG;/?UGA”U
Ong = H'HB,, B

iMuchas gracias!




@HG — HTHG;?UGA'MU
Onp = H'HB,, B

Backup




ATLAS EXxotics Searches™ - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 [£dt=(3.2-139) fo™? Vs=8,13TeV
Model t,y Jetst ET™ [rdi[b] Limit Reference
) ) | L] I ) ) ) ) ) ) | L I ) ) ) ) ) ) | L I ) ) ) )
ADD Gkk +g/q Oepu 1-4j  Yes  36.1 Mp 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
ADD QBH - 2] - 37.0 Min 89TeV n=6 1703.09127
ADD BH high ¥ pr >1le,u >2] - 3.2 M 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - >3 - 3.6 | Mu 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
RS1 Gkk — yy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp; = 0.1 1707.04147
Bulk RS Gkx —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp =1.0 1808.02380
Bulk RS Gkx — WV — {vqq e  2j/1J  Yes 139 |[|Gkkmass —  20TevV k/Mp = 1.0 2004.14636
Bulk RS gk — tt 1eu >1b,>1J/2] Yes 36.1 gkk mass 3.8 TeV F/m=15% 1804.10823
2UED / RPP lep >22b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y — tt) =1 1803.09678
SSM Z’ — ¢t 2e p - - 139 |zZmass  51TeV 1903.06248
SSM Z' - 17 271 - - 36.1 Z’ mass 2.42 TeV 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
Leptophobic Z" — tt Oe,u >1b,>22J Yes 139 r/m=12% 2005.05138
SSM W’ — ¢y leu - Yes 139 1906.05609
SSM W’ — 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
HVT W’ - WZ — fvggmodelB 1 e,u 2j/1J Yes 139 gv=3 2004.14636
HVT V' > WV — gqqqg modelB 0 e, u 2J - 139 gv =3 1906.08589
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oe,up 21Db,>2J 139 gv =3 CERN-EP-2020-073
LRSM Wg — tb multi-channel 36.1 | Wg mass 3.25 TeV 180710473
LRSM Wgr — uNg 2u 1J - 80 WR mass 5.0 TeV m(Ng) = 0.5TeV, g1 = gr 1904.12679
Cl qqqq - 2] - 37.0 A 21.8TeV 7, 1703.09127
. Cl ttqq 2epu - - 139 A 58TV CERN-EP-2020-066
Cl tttt >leu 21b,21) Yes 36.1 A 2.57 TeV [Cat| = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Myed 1.67 TeV g=1.0, m(xy) =1 GeV 1711.03301
VVyyx EFT (Dirac DM) Oe,u 1J,<1] Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y=0.4,1=0.2, m(y) =10 GeV 1812.09743
Scalar LQ 15t gen 12e > 2] Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
Scalar LQ 2" gen 1,2u >2j Yes  36.1 LQ mass 1.56 TeV B=1 1902.00377
Scalar LQ 3" gen 27 2b - 36.1 LQY mass 1.03 TeV B(LQ§ — br) =1 1902.08103
Scalar LQ 3™ gen 0-1e,u 2b Yes  36.1 LQg mass 970 GeV B(LQ] - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
VLQ Ts5/3 T5/31 T3 > Wt + X 2(SS)/>3 eu 21b,21]  Yes  36.1 Ts/3 mass 1.64 TeV B(Ts;3 = Wit)=1, c(Ts;3Wt)=1 1807.11883
VLQY - Wb+ X leu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Wb)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >21b,>1j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QR — WqWgq Teu 24]  Yes 203 [lOWESSENNeo0cev 1509.04261
Excited quark ¢* — qg - 2] - 139 only u* and d*, A = m(q*) 1910.08447
Excited quark g* — qy 1y 1] - 36.7 only u* and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b,1] - 36.1 1805.09299
Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* e urt - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw 1epu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2] - 36.1 NR mass 3.2 TeV m(Wg) =4.1TeV, g = gr 1809.11105
HIggS triplet H** > ¢¢ 2,34 e,u (SS) — — 36.1 ** mass 870 GeV DY production 1710.09748
Higgs triplet H** — ¢ 3eurt — - 203 |H**mass 400 GeV DY production, B(H;* — (1) = 1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
vg - 13 Tev - 1 1 1 1 I 1 1 1 1 1 1 L1 I 1 1 1 1 1 1 L1 I 1 1 1 1
partial data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).

See talk by Patricia Conde Muiho




Linear SM extensions are useful

Model || Cyp | Oy C% Chi | Choe |Cuo | Cru | Cir | Con
e Linear SM extensions are a physically motivated subset of toy SS 1 ~2
1
models D 1o 16 &
21 ~%6_ | 15 &
Herrero—Garcia, Schmidt arXiv:1963.10552 N —1 i
. _1 _1 Y.
e Can be used to organise complex UV models o i L b
Az —2% %
. . . . B4 1 —% _%’ _% _%
e Can motivate directions in the space of WCs = | 2 T T | o | »
IO 5 | % [-E[-%
0.012 , . p : —Yr | “Yt | —W
1o | Greljo, Salko, Smolkovic, (B, By} e B
0.010 - Stangl arXiv:2306.09401 {Q1,Q7} Yt
. . Model C3q Clq (03 q)33 (Cl q)33 CHu CHd CH CbH
0.008 Study of tension in IR %
4 . _1 _1 _1 _1 Yo
o " exclusive V i - z
=~ 0 2 2
S extraction e % :
@ 0.002 - I _$ ¢ _% 15 T 5
T3 —i | i6 | —16 i T 7
0.000 - T —%Af—j %Af—z% ytﬁf—ézp
—0.002 Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.62779
~0004 A e b\ FitMaker group: Fit to top, Higgs, diboson and EW data
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—0.005

0.000
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Linear SM extensions are useful

Mass limits (in TeV)

|IAn|? < 3.8 x 1072

g3y, |* < 8.6 x 10~*

kE < 1.1 x 10~ 2(TeV?)

lys, |*> < 1.6 x 102

(s4)% < 0.04

k% < 1.7(TeV?)

[Aa,|? < 2.9 x 1072

|’\Q5|2 < 0.24

|As|? < 4.5 x 1072

Az, |2 < 0.099

IAe|? < 2.2 x 1072

Av|? < 7.2 x 102

Zg cos 3 < 0.995

l’\Q1Q7I2 < 0.88

Ao, |* < 0.14

IAp|? < 3.8 x 1072

g2BB1 < 0.92

1.6o0
1.60
1.60
1.20

95, |* < 6.9 x 1073

| Az, |? < 0.22

|Ag, |2 < 2.7 x 1072

|Aa, |2 < 1.7 x 1072

=
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Ellis, Madigan, Mimasu, Sanz, You arXiv:2012.62779
FitMaker group: Fit to top, Higgs, diboson and EW data




o ° - de Blas, Criado, Pérez-Victoria, Santiago arXiv:1711.18391
Linear SM extensions are complicated . 1 B

MatchingTools:
£ e = OW)riN R8s + (Ae)ri B Exotic fermion interactions e Lagrangian contains terms up to
+ (Aay)ribizrderi + (Aa,)riBsrr er; dimension 5 sufficient to generate
1 o - 1 a . . .
+ 5 O0)riZR 810 i + S (A0 riZiRr ¢ 0" s dimension-6 operators at tree level

+ (ANa,)rsNE, 0T Args + (/\EAl)rsELr¢ A1Rs

' “mixed” terms with multi
+ (AEAy)rs ELrd' Asrs + (,\ml)mg 3 310 A s s e Also includes mixed” terms wit ultiple

exotic multiplets

Dimension-5 scalar interactions

(k%)r Sy D, ¢" D*¢ + (As)-Sr|¢|*

+ (k$)rSr B B + (k& )rSi Wi, W + (k§):S: G, Gl— Lsy = (088 )rsBruD*Ss + (8= )rs Wy u DHE, Scalar-vector mixed
7B LY W a Yx7a uv 7.G A i i
+ (ks )rSrBu B* + (kg )rSi Wi, W + (k) Sp G, n {( 51 0)rs ElmD”% + Bz, )rstl,L DHE, . +h.c.} Interactions

( )rz]SreRz¢ lLJ + ( )TZ]STdRZ¢ qL; + ( )rz]SruR
{ é + (8L, )rstSr Llsp. ¢ 1 (€22, )rstEy Llsu Lﬁltt
+ (k£):E D¢l o D¢ + (A=) E |96 0%

+ (kY B),Zawe, BM + (kY B),=ewe, Br T { =121 )rstZhiL 1,0 Ll + e }
{( )”.7‘—‘ eRzQIS]t alLJ +( )rz]-—-adRz¢T0 qL; + (y'y')rz] + {(gS£1)TS¢ (D S )£ + (ggﬁl)'rs (D”(b)TS ﬁ
+ {(ksl)rEﬂDﬂﬂdaD“(b + (=) E5 162 d1 0% + (32,) + (9221 )rs¢'0® (DLEY) LY, + (952, )rs (Du‘fb)T o Er LY,

C)t

=4t p
+(52,)rii 5 dRid o qL; + (%, )ris = qLio® purj + h.c + (92,01)rs@'0® (D,ET)T L, + (9212, )rs ( #‘/’) 0“2, LY, +h.c. }




JG, Volkas arXiv:2009.1353/

o o o https://github.com/johngarg/neutrinomass
Going past dimension 6 . ecord /4854618

Completions database: h zenodo.or
> @ bind
= Inder

e Tree-level completions of operators of odd mass dimension written down up to dimension 11

e Database of 500,000 Lagrangians = Requires computational tools!

e Matching onto any specific basis still needs to be done by hand

000 < > O v O j & github.com ) N SymbOlIC matChlng
12772 16179461 8614953467442367 63d 11 37.9148278684193 '°°p"2"°°p"2"’"2"’d"’e,< 2s6f 4 4 3 1 estimates

There are many search results. Let's make a more specific query.

In (20]: # Extend the query to look at the models with fewer than 5 fields that need to be at less than 7000 TeV
df [
(df [ "democratic_num") % df.exotics(["S,01,0,1/3,-1") == 0) &
(df [ "democratic num") % df.exotics(["S,00,0,1,0"] == 0) &
(df["scale"] < 7000) &
(df["n_fields") < 5)
]
Out[20]: democratic_num stringent_num op dim scale symbolic_scale topology n_fields n_scalars n_fermions min_loops max_loo|
8387 3379507 30579275025083 10 9 5967.42299748072 loop**2*v**2*yd*ye/A 0s6f 1 3 3 0 2
xx)% LIV *
12771 12372529 1378968263787181 63d 1 37.9148278684193 '°0P" 2'loopv2ivi2tyd ye,( 256f 4 4 3 1 2

loop**2*loopv2*v**2*yd*ye/
A

12772 16179461 8614953467442367 63d 11 37.9148278684193 2s6f 4 < 3 1 2



https://mybinder.org/v2/gist/johngarg/5aa8778dd59859f755a5a53d11d5fd54/HEAD
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e Magic zero: a quantity suppressed without an apparent symmetry explanation

e E.g.Vanishing dipole coefficient HVG””eCFW in model with two vector-Llike Dirac fermions: $ ~ (1,1)4 and

L D —m L'LY — mSSC - Y[, HLOS t+ Y, HY eS¢ — YoH L% +h.c.

7, Y
-
- ,"‘HJJ Y, Y, Yi P’
P/, \Nk—p—q - € V L*R™V . -
AL A ~ L= 372 ' 2 2 ST L
€ L o 5 1 € 327 \/5 |mg |~ — | mg]|
—s — —
Pk >Ik k  Ptg

o Generalised parity symmetry P LY & ST, LV & §7, m; < mg,k, Y, < Y";k, Y, & Y

e But dipole operator even under parity!
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in[3):= alphaOeB[1, 1] /. MatchingResult

1
. Out[3]=
e Magic zero: a quan " 384 MDeltal? MN? 2
o . gl onelooporder (4 MN? lambdaDeltal[1] - lambdaDeltalbar [mif3] yl[1, mif3] -
e E.g.Vanishing dipo 3 iCPV2 MN? lambdaDeltal[1] - lambdaDeltalbar [(mif3] ~yl[1, mif3] + S ~ (1,1) and
MDeltal” lambdaN [mif3] - lambdaNbar([1] - yl[mif3, 1])

In[4]:= alphaOeB[1, 1] /. MatchingResult /. yl[x , vy ] =0
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o Generalised parity symmetry P LY & ST, LV & §7, m; < m§<, Y, < Y";k, Y, & Y

e But dipole operator even under parity!




