@HG — HTHG;/?UGA'MU

Ong = H'HB,, B
Mapping the one-loop
structure of the linear SM

extensions

John Gargalionis,Jérémie Quevillon, Pham Ngoc Hoa Vuong, Tevong You
arXiv: 24XX.XXXXX]
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H~(1,2,5), 0~@3.25), ai~@31-3), d~@3.1,5), L~12-3), e~1,LD

ngfz) 2499 .(6)
Lsu=Lasa+ Y AL LYHH + Y~ 0= + -
p’q l:1
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Top-down
approach

Bottom-up
approach

H~(1,2,5), 0~@3.25), i~@31-3), d~@3.1,5), L~12-3), e~1,LD

UV/IR dictionary

2499 .(6)
_ (5) _L_md=6 4 ...
S =Lsu+ Y, SWLL)HH+ ) SO0+
D.q =1
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L|near SM extenS|ons Granada dictionary: de Blas, Criado, Péerez-Victoria, Santiago arXiv:1711.10391

MatchingTools: Criado arXiv:17/10.086445

o H o H
Patterns of minimal tree-level deviation from the &, 8, 5 ," ©,0,,0; '/
SM can be understood in terms of linear SM ===== ====e--
. Q. Q,, Q q
extensions ‘\ . \s 1> $20, 824,
H ¢ Y0
gintNSM’SM'X—I—SM'SM-SMoX—l—... B B B E
W1, Wy, Wy, y £ .
48 exotic multiplets generating d = 6 operators I, 11,6 P, 51,5155
at tree level, we leave out vector bosons = - - -
Fermions enter as vector-like or Majorana q 4
Represent a non-trivial cross section of exotics U.D, 0y, o H N E, Ay, o’ H

search programme at the LHC 05, 07 11, T, o° A2 L




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

MatchingTools: Criado arXiv:17/10.086445

e Patterns of minimal tree-level deviation from the Neme 5 S5 5 . = = o e
SM can be understood in terms of linear SM rrep  (1,1), 1 (L,4): (1,4);

extensions Name  w;
Irrep (3, 1)_%

glntNSMSMX‘FSMSMSMX"“" Name 0

Irrep (6, 1)%

O 48 exotic mUltlplEtS generating d - 6 OperatO rs Table 1. New scalar bosons contributing to the dimension-six SMEFT at tree level.
at tree level, we leave out vector bosons

e Fermions enter as vector-like or Majorana Name NV E A, As > 3
Irrep  (1,1), (1,1)_, (1, 2)_% (1, 2)_g (1,3) (1,3)_,
e Represent a non-trivial cross section of exotics Nomoe U D 0 0- - T T

search programme at the LHC rep  (3,1): (3,1)_: (32): (3,2_s (3,2): (33)_: (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:17/10.086445
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:1803.04403

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:2303.108203

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

SOLD: Guedes, Olgoso, Santiago arXiv:2383.16965

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




A one-loop dictionary for the linear SM extensions

Main 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
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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, Madigan, Mimasu, Sanz, You arXiv:20812.027/9
https://gitlab.com/kenmimasu/fitrepo

Allwicher, McCullough, Renner arXiv:2468.083992

Tera-Z sensitivity to linear SM extensions

All of the linear SM extensions contribute at loop level

to EWPO and can be probed at a Tera-Z run

[©) README.md

UV models and Fitmalcer .
fitmaker is a python module for statistical inference on physics beyond the Standard Model (SM). It contains a P rOJ e Cte d b O u n d S O n

m a t C h i n g d a t a f r O m database of high energy physics measurements and a fitting framework that quantifies the comopatibility of a dataset

with parameters of scenarios beyond the SM. ° °

The current version focuses on fitting the Wilson coefficients of the Standard Model Effective Field Theory, and was l I n e a r S M exte n S I O n S at
M M E a n d used to produce the results of:

J. Ellis, M. Madigan, K. Mimasu, V. Sanz, T. You;
"Top, Higgs, Diboson and Electroweak Fit to the Standard Model Effective Field Theory" O n e O O p

MatchMakerParser

The observable database collects measurements Electroweak precision tests and W*W~ production at LEP, and top,
Higgs and Electroweak measurements from Tevatron and the LHC.



https://gitlab.com/kenmimasu/fitrepo

FCC-ee sensitivities:

Tera-Z sensitivity to linear SM extensions arkiv:2263.86528 (Snowmass 2621)

Mass 95% CL sensitivity at FCC-ee Z pole Mass 95% CL sensitivity at FCC-ee Z pole
35 - [ Tree 70 - 0 Tree
I Tree+RGE 0 Tree+RGE
30 - B One-loop 60 - BN One-loop
Preliminary Preliminary _ B -
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Onc = H'HG,,,G
Conclusions and outlook

e The linear SM extensions are a useful framework for thinking about UV physics

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

e QOur results strengthen the case for the potential of a Tera-Z run to constrain a wide

range of new-physics models
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Merci beaucoup!
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o ° - de Blas, Criado, Pérez-Victoria, Santiago arXiv:1711.108391
Linear SM extensions are complicated . 1 B

MatchingTools:
L0 e = O N8 + ()i By 'L 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)rsz 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 ﬁlmD”% + Bz, )rst;fu DHE, . +h.c.} Interactions

(Y )ri STeRNs lLj + (Ys)ri SrdRz¢ qrj + (Us)rijSruR
({k¢) JD ¢T DZ¢ :\ )J 8 ¢’f ‘7¢ J (58£1)rst8 Llsu , + (6-—-£1)'rst~—- ‘Clsu L;IAt
+ (k=)rErDpo'c” + (A=)-EY 54

+ (EKVB)rEaWa BH* 4 (EKVB)TEa,Wa B;w + {(5--1[,1 )7'3t"_‘12£13y, L + h.c. }
{( )”J‘—‘ 6R2¢1 alLJ + (¥ )m]-—'adRz¢T0’ qr; + (yﬂ)m + {(gSEl)rs¢ (D S )c + (gsﬁl)rs (qub)ts L
+ {(k31)1‘E(111D#¢TaaD“¢ + ()‘ 1)7':::(11;['|¢|2¢]L a,¢ + (y.:,l) + (g =L )1-3¢ o (D”._.a) ,C -|- (g:L',l)TS (DIJ'¢)T o? Eﬂ»

C)z

—~T
+( )NJ'—'I dRz¢TU qr;j + (9=, )rijE(fIQLz‘Uaij + h.c + (-g:-lﬁl)md)lr * (DMHIT)T ‘C s T (g:'l['l )TS ( N¢) a“‘clzr s T h.c. }




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 ..
+ {ﬂglﬁ(®{€, AT O H 6 H) + A Tr[(H'® - A)H'® - )] +h.c. }

Bakshi, Chakrabortty, Prakash, Rahaman, Spannowsky

arXiv:2163.11593
Vertex S. No. Light fields Heavy field(s)
N VI-(i) | d1=¢2=Hy,y or H| , 1 o, € {(1,3,£1), (1,1,%1)}
\>_ [ YO s iy gy g g gy

e — - - e -

‘1’3 € {(1,3,0), (11 1’0)}

‘1’2 € (RC21 RLnY2)a ‘1’3 € (RCJ?RL:H Y3)

with Re, ® Re, =1, R, @ R, =2

and Yo + Yy = :i:%.

&4 € {(1,4,£3), (1,2,£3)}

(1’4 € {(1,4,ié)a (11 Zaié)}

¢y € ({la RC}’ {l’RL},{OaY})a 4’4 = CP:';

Q3 € (RC:n RL3>Y3)a P4 € (RCuRLuY‘i)
with R, @ Re, =1, R, @ R, =1or3

and Y3 + Yy = £1.




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

—0.010

—0.005

0.000

0.005




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

=

Ll

10

Model Cup | Cy C%Il C}ﬂ Coe | Cun | Cra | Cita | Gy
S —3
S 1
= 16 5 i
i i

E = 7
Ay 5 v
Az -3 Pl
B[ 1 eI
= 9 5 yr | owe | w
W] EE A
2 —Yr —Yt | Y
(B,B;)} —5 | =y | —ue | —w
{Q1,Q7} Yt
Model C?{q C’Il{q (C;’{q)33 (C}{q)33 Cou | Cua | Cig | Con

T T T T Ut
A o

1 i i i : 2
Qs —3 2
Q7 5 5
R N ) B
T 1% [ 1% T

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




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:1804.685033

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

2001.60817

Craig, Jiang, Li, Sutherland arXiv
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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

EWPO

LHC EFT WG 2622: Castro et al.

log(Linear C dependencies): EWPO

W_mass_ATLAS

W_mass_Tevatron

Ac -0.5

Ab

AFB_c

AFB b -1.0

Rc O

Rb_0

Al(Pt)

AI(SLD)

AFB |

RI_O

sigma_had 0

Gam_Z

© * @ = ©© T T T I
S & g © L ¢ G ¢ 9
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(3)
HI
(1)
HI
CHu
CHBox 7

Fig. 7: Logarithm of normalised linear dependences for electroweak measurements. The entries are

normalised by dividing each one by the largest operator dependence of a given measurement, a;.,,,

such that the colour map depicts log(a; /aimay)-

arXiv:2211.608353




Limits on vectors

TeV

100

50
30

Allwicher, McCullough, Renner arXiv:2468.83992

B Universal couplings M Third-gen. only M Flavourless couplings

tree-level ~one-loop (LL RGE)
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|nVEStigati0n Of magiC 2eros Arkani-Hamed, Harigaya arXiv:2106.8137/3

Craig, Garcia Garcia, Vainshtein, Zhang arXiv:2112.65770

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!




|nVEStigati0n Of magic 2eros Arkani-Hamed, Harigaya arXiv:2106.8137/3

Craig, Garcia Garcia, Vainshtein, Zhang arXiv:2112.65770
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

Out[4]= ©

7 Y
H~™ (’,fr
vy -~ I !
"Py,t \Nk—p—gq L= e V Y  YrYy gj\ .
AL AR ~ L= 372 ' 2 2 L
€ L o 5 1 € 327 \/5 |mg |~ — | mg]|
—s —  —
D k k pt+q

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

e But dipole operator even under parity!




