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PORTAL BASIS AND SELECTION RULES

This Supplemental Material lists the cross-sector portal basis behind the counts of Sec. V C: each family of gauge-
invariant operators 0105 built from a Ggps-singlet block of sector 1 and a G, -singlet block of sector 2, with its
field content, Lorentz structure and number of real parameters, and the parameters that survive each mirror element.
Derivative operators are reduced by integration by parts, the equations of motion and the Bianchi identity (Warsaw-
type on-shell basis).

Siz-quark structures. In each sector, with the chiral fields of the sector (u = ug, d = dgr, Q@ = @ in sector
1; with mirror content u}, d}, Q% in sector 2), define the three-quark spinors Nyiq = (udd) = €upe(ul Cdy)d.
and Noga = (QQd) = €apc€ij(QL,CQuj) d. (a,b,c color and i,j isospin indices, €193 = €12 = 1, C = i7%4?), and
Nyga = (Wd'd'), Nogg = (Q'Q'd’) in sector 2, with all three fields primed. Nyaq and Ngga are right-handed; N’
is left-handed with mirror content and right-handed with copy content. The operators (XY'), X, Y € {udd, QQd},
are Ny N{, with mirror content and N-CN{, with copy content (the other pairing vanishes by chirality); [SSS] is
the product of three cross-sector scalar bilinears, Ojggs5] = €abc€artyer (a!,uq)(d},dy)(d,d.) with mirror content and
€apc€artrer (Ul Cul, ) (df Cd},)(dX Cd.,) with copy content. The four (XY’) span 8 real dimensions, [SSS] raises this to
10 (it carries the part of (udd) ® (u'd’d’) that NN’ does not), and the tensor form with o# ® o, on the first two
bilinears adds nothing (rank 10). With £ D )" c¢O+h.c. the family has 5 complex structures, 10 real coefficients;
with mirror content every one has AB = —AB’ = 1. Under Mp: cudgywaray € R, cooa)waa) = C?udd)(Q'Q’d')v
cady@qa) € R, cgig(f)](u,d,d,) € R (5/10 survive); under M (copy content): c(ydd)(waa) free, cQoaywaa) =

[S55]
Cludd)(Q'Q'd"): C(QQaNQQd) free, ¢ agyarary free (8/10).

Tables II-X list the operators of each family. Operator-by-operator images under the mirror elements (frame-D
forms as in the family table). An entry +0; (iO;) in row k means X (Oy) = £0; (iO;). With £ D Y, Oy (+h.c.
for complex Oy, ‘real” = 2), invariance requires ¢; = £cy (¢; = %c}); a self-image —Oy, sets ¢, = 0, and a self-image
+O;2 fixes the phase (¢, real). Fermionic families are n/a under M and Mp. Six-quark notation as in the six-quark
definitions.
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TABLE 1. Families of cross-sector portals and their survivors.

Portal basis of Ggpsr X G%M (one generation per sector; two down-type flavors for AS = 2 only), on shell. Columns: real parameters

surviving each element, as survivors/total, in the frame where all matter is electric: Mp — swap(P ® P), M = swap, M — swap(C' ® 1),
Mp — swap(CP ® P) (frame D; mirror content for Mp, copy content for M; the frame-D’ forms give the same pattern). n/a: M and
Mp are not symmetries of chiral matter. Sector-1 fields Qr,ur,dR, Lr,er, H; sector 2 with mirror content Q’, v’ ,d7, L'z, €}, H', with
copy content the same chiralities as sector 1. J' I‘} J }{H is in the dimension-6 bosonic family; the current—current family couples a current

of one sector (fermion or Higgs) to a fermion current of the other. Dimension-6 total: 85 real parameters.

family operators (sector 1 x sector 2) Lorentz structure dim. real Mp M M Mp
dim.-4 |H|2|H'|?, B B'™ (ep), bosonic, Hermitian 4 3 2/3; 3/3 1/3; 2/3;
bosonic BWB’I“’ (Omix,D) forbids forbids forbids
Omix,D €D, €D
emix,D
dim.-6 |H|*|H'|?, |H|?|H'|*; bosonic, Hermitian 6 24 13/24 13/24 12/24; 12/24;
bosonic Ou|H|?0M H'|?; J}}J}iu; forbids  forbids
‘H|2X/X/7 |H‘2X'X’, JHJ}] JHJ}{
|H'2X X, |H'|>?X X
(X =B,W,G); |H?BB,
|H|>BB’, |H'|?BB’,
|H'|?BB'; B(H'tc®H")W'e,
B'(H'o®H)W* and their W
forms
current— J}LJQW vector X vector, 6 35 20/35 20/35 n/a n/a
current f,9€{Q,u,d,L,e, H}, Hermitian
(f9) # (H,H); J§ = fy*f
(chiral f),
JY, =4[HTDrH — (D*H)'H)
Yukawa (Quﬁ)\H/P, (QdH)|H'|?, scalar bilinear, 6 12 6/12 6/12 n/a n/a
portals (LeH)|H'|? and sector 1432  complex
dipole BHV(Q/O"’“JU/H/), tensor bilinear, 6 12 6/12 6/12 n/a n/a
portals By (Q'o#d' H'), complex (B forms
Buv(L'o#¥e’ H') and sector ~ dependent)
12
v portal, (LH)(L'H"), mirror: (LH)(L'H'); 5 2 1/2; 2/2 n/a n/a
dim. 5 (LH) =¢;;LiH; copy: phase
(LT H); fixed
complex
v portal, (LH)TH(L'D,H’) mirror: 6 2 0/2; 1/2; n/a n/a
dim. 6 (LD, H)T#(L'H') removed  (LH)TC*(L'D,H'); forbids  phase
by IBP and EOM] copy: all fixed
(LH)# (L' D, H');
complex
six-quark (udd)(v'd'd"), (udd)(Q'Q’d’), mirror: NxNy; copy: 9 10 5/10 8/10 n/a n/a
(n—n') (QQd)(u'd'd"), NLCNjy,; complex
(QQRA)(Q'Q'A'), [SSS]
AS =2 J}L(sd)Jéu(sd), vector X vector, 6 16 10/16 10/16 n/a n/a
T (sd) T, (ds), f.9 € {@.d}, complex
T (sd) = Jart fa (two
flavors)

TABLE II. Operators of the family: dim.-4 bosonic.

dim.-4 bosonic (3 real; survivors: Mp 2/3, M 3/3, M 1/3, Mp 2/3)

k Oy real Mp M M Mp
1 [HP?|H']? 1 401 +01 +01 +01
2 BuwB'" 1 402 +03 —03 —O>
3 BW,B/‘“/ 1 —03 +03 —03 403



TABLE III. Operators of the family: dim.-6 bosonic.
dim.-6 bosonic (24 real; survivors: Mp 13/24, M 13/24, M 12/24, Mp 12/24)

k Oy real Mp M M Mp
1 |H4|H)? 1 402 +02 +02 +0O2
2 |H]?|H'|* 1 401 +01 +01 +01
3 Ou|H|?0H|H'|? 1 +03 +03 +03 +O03
4 Ty dy, 1 404 +04 —O4 —O4
5 |H|? By, B'" 1 4+0¢ +0¢ +0¢ +0s
6 |H'|? By, B* 1 +05 +0s5 405 +0s
7 |H|? B, B'" 1 —0s +0s +0s —Os
8 |H'|? By, B* 1 =07 407 +07 —O7
9 |H|*> Wjg W/ env 1 4010 +010 +010 +010
10 |H"2 WE‘VWG‘“‘V 1 +Og +Og +Og +Og
11 |[H[2W/eW'anv 1 =012 +012 +012 —O12
12 [H'|2 Wg, Wanv 1 =011 +011 +011 —O11
13 |H|]2 G qrany 1 4014 4014 4014 +014
14 |H'|2 Gi, GAR 1 4013 +013 +013 +013
15 |H|? GIAGrAmy 1 —016 +016 +016 —O16
16 |H'|? G4, GAR 1 —015 +015 +015 —O15
17 |H|? B, B 1 +018 +015 —O18 —O13
18 |H'|? By, B'*Y 1 +017 +017 —O17 =017
19 |H|? By, B/ 1 =020 +020 —O20 +020
20 |H'|? By, B 1 —019 +019 —O19 +019
21 By, (H'ToH' )W’ 1 403 +022 —O22 —O22
22 B, (HYc®H)W™¥ 1 4021 +021 —O21 —O21
23 By, (H'To®H') W' 1 —0g4 +024 —O24 +Oa4
24 B, (Hfo"H)W 1 —0Og3 +Oa3 —Oa3 4023



TABLE IV. Operators of the family: current—current.
current—current (35 real; survivors: Mp 20/35, M 20/35)

k O real Mp M

1 JstM 1 +01 +0:
2 I8 T, 1 +07 +07
3 JSJ(;# 1 4013 4013
4 JésJ’LM 1 +019 +019
5 JSJéu 1 4025 4025
6 JSJ}{H 1 4031 4031
TG, 1 402 +0:
8 JiJy,, 1 +0s +0s
9 JfJéu 1 4014 +014
10 JﬁLJ'LM 1 4020 +029
11 Jff«]éM 1 4026 +026
12 JffJ}{u 1 +032 +032
13 J4J,, 1 +0s +03
14 JyJ, 1 409 409
15 Jsjéu 1 +015 +015
16 JgJLH 1 4+021 +021
17 J%J,, 1 4027 +O027
18 Jﬁlt‘]}lu 1 +033 +033
19 JZLJ&)H 1 404 +04
20 J%J,, 1 +010 +010
21 Jgjé‘u 1 +O16 +016
22 JiJp, 1 +022 +02
23 JZLJéM 1 4028 +02g
24 J{Jy, 1 +034 +Os4
25 Jé‘JbH 1 405 +0;5
26 JéLwa 1 4011 +011
27 JéLJ(IiH 1 +017 +017
28 Jé‘J’LH 1 4023 +023
29 JEJ., 1 4029 +029
30 JéLJ}IH 1 +035 +035
31 JII:’LIJé?M 1 +4+0¢ +0g
32 JiJl, 1 +012 4012
33 J;_LIJ;M 1 +0;18 +018
34 J;LIJ/LM 1 4024 +024
35 J;LI‘]éM 1 4030 +03¢

TABLE V. Operators of the family: Yukawa portals.
Yukawa portals (12 real; survivors: Mp 6/12, M 6/12)
k Oy real Mp M
1 (ngﬂH/‘Q 2 409 +02

2 (Q'u H')|H]? 2 401 +0;
3 (QdH)|H'|? 2 404 404
4 (Q'd'H"Y|H|? 2 +03 +03
5 (LeH)|H'|? 2 4+0g +0s¢
6 (L'e H)|H|? 2 +05 +0s5



TABLE VI. Operators of the family: dipole portals.
dipole portals (12 real; survivors: Mp 6/12, M 6/12)

k Oy real Mp ./\;l
1 By (Q'o*u' H') 2 +03 +02
2 B;“,(QO'”’VUH) 2 401 +0q
3 Bu(Q'otvd' H') 2 +04 +O04
4 B}, (Qo**d H) 2 403 +03
5 Buu(L'o"ve' H') 2 +0g +0g
6 B, (Lo e H) 2 405 +0s

TABLE VII. Operators of the family: v portal, dim. 5.
v portal, dim. 5 (2 real; survivors: Mp 1/2, M 2/2)

k Oj (mirror content) Oy (copy content) real Mp

M

1 (LH) (L'H")

(LEHTC(L'H")

2 +0] +0,

TABLE VIII. Operators of the family: v portal, dim. 6.
v portal, dim. 6 (2 real; survivors: Mp 0/2, M 1/2)

k Oy (mirror content) Oy (copy content) real Mp

M

1 (LH)TC~y*(L'D,H') (LH)y*(L'D,H') 2

01 -0}

TABLE IX. Operators of the family: six-quark (n-—n').
six-quark (n—n’) (10 real; survivors: Mp 5/10, M 8/10)

k Oy (mirror content) Oy (copy content) real Mp M

1 Nuaa N gy NI, .CN! . 2 +0! +0

2 Nuaa NQQd NZ,.C Nboq 2 +0} +0s3

3 Noga N/, NE04C N yq 2 40! 40,
T

4 NQQdNQQd QQdCNQQd 2 +O$ +04

5 O[SSS] O[SSS] 2 +05 405

TABLE X. Operators of the family: AS = 2.
AS = 2 (16 real; survivors: Mp 10/16, M 10/16)

k O real Mp M
1 Jh(sd) G, (sd) 2 +01 +O
2 Jf(sd) JQH( s) 2 405 40}
3 Jh(sd) Jh,(sd) 2 +05 +05
4 Jh(sd) Ty (ds) 2 +Of +0f
5 JY(sd) J{ #(sd) 2 403 +0s3
6 JY (sd) J,(ds) 2 +0] +0]
7 JH (sd) J(’i (sd) 2 407 407
8 Ji(sd) J},(ds) 2 +Of +0]



