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Parameter best-pt 3
I m3, [107° eV ?] 7.37 693! 7.96
! mgl(zs) [10-3 eV ? 2.56 (2.54) 245! 2.69 (242! 2.66)
sin? #12 0.297 0250! 0.354
sin? 3, | m%l(gz) > 0 0.425 Q381! 0.615
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Reaction Present limit C.L. Experiment Year Reference
wt s ety <42x 1071 90% MEG at PSI 2016 [49] Cosmology & Particle Physics
pt —etemel <1.0x 1072 90% SINDRUM 1988 [50]
poTi— e Tit <6.1x107"3 90% SINDRUM 11 1998 [51]
p Pb—e Pbf < 4.6 x 107 90% SINDRUM II 1996 [52]
p Au—e Au'l <7.0x107"? 90% SINDRUM 11 2006 [54]
p~Ti— etCa* | <36x107'" 90% SINDRUM I1 1998 [53]
pte™ = pet <83x 107 90% SINDRUM 1999 [55]
T — ey <33x107% 90% BaBar 2010 [56]
T =y <44x1078 90% BaBar 2010 [56]
T — eee <27x107® 90% Belle 2010 [57]
T — [ <21x107® 90% Belle 2010 [57]
7 — e <80x107® 90% Belle 2007 [58]
T — U <11x107" 90% BaBar 2007 [59]
T — ple <1.8x107® 90% Belle 2011 [60]
T—p'u <12x107® 90% Belle 2011 [60]
70 — pe <3.6x1071° 90% KTeV 2008 [61]
K? — e <4.7x 10712 90% BNL E871 1998 [62]
K9 - nute <7.6x107 90% KTeV 2008 [61]
Kt s rntute <1.3x107 90% BNL E865 2005 [63]
J/ — pe <15x107" 90% BESIII 2013 [64]
J/b — Te <83x107° 90% BESII 2004 [65]
J/p — T <2.0x107° 90% BESIT 2004 [65]
B° — pe <28x107° 90% LHCb 2013 [68]
B — 1e <28x107° 90% BaBar 2008 [69]
B = 1 <22x107° 90% BaBar 2008 [69]
B — Kpet <38x107® 90% BaBar 2006 [66]
B — K*pe <51x1077 90% BaBar 2006 [66]
BT — Ktru <4.8x107° 90% BaBar 2012 [67]
BT — K're <3.0x107° 90% BaBar 2012 [67]
BY — pe <11x107® 90% LHCb 2013 [68]
Y(1s) — T <6.0x107° 95% CLEO 2008 [70]
Z — pe <75x107"7 95% LHC ATLAS 2014 [71]
Z —Te <9.8x107° 95% LEP OPAL 1995 [72]
Z =T <12x107° 95% LEP DELPHI 1997 [73]
h — eu <35x107* 95% LHC CMS 2016 [74]
h— T <25x1073 95% LHC CMS 2017 [75]
h — Te <6.1x1073 95% LHC CMS 2017 [75]
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Reaction Present limit Expected Limit Reference Experiment
pt — ety <42x 107" 5x 101 [316] MEG II
pt —ete et <1.0x 10" 10°1° [46] Mu3e

p Al — e Al < 6.1x 10713 1077 [321, 324]  Mu2e, COMET
p=Si/C — e Si/C T — 5x 10 [282] DeeMe

T — ey <33x107°® 5x 1077 [339] Belle 11

T — iy <44 %1078 10~° [339] ”

T — eee <2.7x1078 5x 1071 [339] ”

T — [ <21x108 5x 10710 [339] ”

T — e had <18x10781% 3 x 10719 [339] ”

T — u had <12x1078+% 3x1071° [339] ?

had — pe <4.7x107128 10712 [340] NA62

h — e <35x10* 3x107° 1 [341] HL-LHC
h — T <25x107° 3x107* 9 [341] ”

h — Te <6.1x107° 3x107* 19 [341] ”
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TABLE |: Quantum numbers of all possible pairs of the SU(2). gauge singlet Standard Model fermions !¢, u®, dc.

Pairs (Lorentz)

Representation under’ SU(3)c, SU(2). () v

I€1¢ (scalar)
I€u® (scalar)
1cdc (vector)
ucu® (scalar)
ucde (vector)
dc de (scalar)

(1,1 (L,D1=(1,1)

(LDt B 253=(31ys

(1,118 Bl 1y3=(3,1)3 B

(B 123! (B 1) 23=Ba, 1) 43+ (6s, 1)1 43
B 1rzs! GLrys=@,1)r1+@8, 1)1

G 1) ws! B 1) ys=(3a:1) 23+ (6s,1) 273
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TABLE II: Quantum numbers of all the possible triplets of SU(2). gauge singlet Standard Model fermions !¢, u¢, dc (with at most
two identical pelds).

Cosmology & Particle Physics

Triplets |Representation under SU(3)c, SU(2). L) v

ereue (4,01 (LDt B 23 =(3 13

rertede (4,11 (3, 1)2! G 1) y3=(3,1)s3 B

rutu® (1,020 G zs! (31 23=Bar1) ys+(6s,1) 13

eded® (L, 11! Gorys! G y3=(3a,Dys+(6s,1)ys

reucde (L, D! B 1) 23! (B:1) y3=(1,1)0+48,1)o - $

ucu®d® (313! GBliys! Gliys = Gal)ayz+(6s,1) 43 ! B 1) y3
(?1)! 513+(6,1) 53+ (3,1), 5/3"‘(1_5,1)!_5/3 # $
ueded® (3,1 s ! GLiys! G1iyzs = (31 23! GBaylyoys+(6s, 1)z =
(3,1 43+ (6,1) 43+(3,1) 43+ (15,1) 43
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TABLE IlI: Pairs of Standard Model fermions that share the same gauge quantum numbers. The pairs of interest here are in red.
The pair !°!° does not transform like any other pair of SM Pelds; the same is true of the color-symmetric pairs of u°u® and d°d°.

| .
Fermion pairs transforming as | SU(3)c, SU(2).
LL,lc™c (1,1), 1 scalar

deu¢, re" e (1,1), 1 vector

Icyc, ucde, Q%, L Q, d°"¢ (3,1), 5 scalar

ucdc, QQ (6, 1),, 5 scalar

d°d®, uc"e (3,1),.3 scalar

dere, LQ, ue"e (3,1), 3 vector

uuc, de1e (3,1), 43 Scalar

meme, rere (1, 1)q scalar

LL, QQ, !°¢I¢c, d°d°, ucuc, "¢ |(1,1)o vector

QQ, d°de, ucu® (8,1) vector

| 11,9%7(%-70"%-5(,+=#2()/3(TBA*#24+,2(FYo+=(-HF (*42+%" #$




SDU<=

UNIVERSITY OF
SOUTHERN DENMARK

CP3 Origins

Cosmology & Particle Physics

JHF(*A2+% " #(" -+H#-+$

TABLE IV: All new particles required for all di ! erent tree-level realizations of the all-singlets dimension-nine operator Og |,
according to the restrictions discussed in the text. All particles are SU(2),. singlets. The fermions ", #, and $ come with a
partner (" ¢, #, and $° respectively), not listed. We donOt consider belds that would couple to the antisymmetric combination of
same-[3avor quarks since these cannot couple quarks of the same generation.

: "
New particles "SU(3)c, SU)L v, | SPin

L1 (Ic]e) (1,1) scalar
"1 (ucu°) (6,1)4 3 scalar
# 1 (dodo) (6,1) 3 scalar
C! (ucd®) (1,1):, (8,1), vector
#1 (uclcl°) (3, 1)a3 fermion
$! (dIcle) (3,1) 53 fermion
%! (I°ucu®) (6,1) 1/3 fermion
N ! (1°dcu) (1,1)o, (8,1)o fermion
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