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[LRoM Left-Right symmetric model

Pati-Salam Trinification
SU(4). ® SU(2)r, @ SU(2)r SU(3)?

Mohapatra, Pati /5
Senjanovic, Mohapatra 75

minimal Left-Right

SU(3). ® SU(2)r ® SU(2)r @ U(1)5_1

B — L
2

1 1
QL (7773>7 QR (7773>
1 1
Ly=11.2.1.— Lp=11.1.2 —
L <7773>7 R (7773>

* alternative LR with additional vector-like states Ma ‘87 ..., Frank, Fuks et al. ‘23

Symmetric fermions Q =Tsr +13r +



[LRoM Left-Right symmetric model

Symmetric scalars ¢ =(1,2,2,0) bi-doublet

(0FS +
qs:(f;l_ 2%5) <¢>=(%1 _69%2)

EWSB  ?=v2402, 0<tanf= 2 <1
U1



[LRoM Left-Right symmetric model

Symmetric scalars ¢ =(1,2,2,0) pbi-doublet

(0FS +
qs:(f;l_ f@) <¢>=(%1 _6?%2)

EWSB  ?=v2402, 0<tanf= 2 <1

U1
Doublets xr=(1,2,1,1), xr=(1,1,2,1) Dirac v
this talk (Triplets Ap=(1,3,1,2), Ar=(1,1,3,2) Majorana v ]
0 0
(Ap R) = , v SGeV, v=174 GeV, wvp 2 TeV
’ VUL.R 0
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LR Parity oy _yT
. I'p — D

Masses and mixings
M, =UumyUlp, My=UsmaUlg
P : Vi ~ VL Maiezza, MN, Nesti, Senjanovié ‘10

Senjanovic, Tello 14, 15

C:Vp=K,V; Ky Maiezza et al. '10

[LRoM Left-Right symmetric model

-----------------

----------------------------------

P.YM=Y/"
C:YyM=vp

RH leptonic mixings are free

Mp =Yy, — Yee v,

My = =Ype' %y + Youn

“boundon tan f < 0.5



Maiezza, Nesti, Bertolini 14

FlaVOl’ 1imitS Cirigliano, Dekens, de Vries, Mereghetti 16
Dekens, Andreoli, de Vries, Mereghetti, Oosterhof 21
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> — — > — > —
CP-even K and B ; wZ‘de‘ng
.o Wi,  Wg 2 Wi, Wr | gy
Imesorn Mmixing [ |
< —l —l— —l
q q ¢ q q q ¢ 1

CP- Odd g, 5 ,’/ AN e ) ot /j\ -
v > An, Ji, Xu 09

and nEDM _’_@_‘ — e Maiezza, MN '16
Haba, Umeeda, Yamada 17,18, 18

Ramsey-Musolf, Vasquez 20
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Dirac vs. Majorana

Copanny & M, ~M; — MpMp Mpt, My~ Mg

LR parities

vr
C:Mp = MN\/U_H — Myn—1M, MN, Senjanovic, Tello 12
R



Dirac vs. Majorana

M, ~M; — MpMp Mpt, My~ Mg

oeesaw &
LR parities
(Y
C:Mp = MN\/U—LH — Myn—1M, MN, Senjanovic, Tello 12
R
Analytic solution via Cayley-Hamilton p(A) =0 = p(4) =0 Kriewald, MN, Nesti 24
VA=col+ci A+ ca AA, AcCsys ¢; depend on three

invariants of A



Dirac vs. Majorana

M, ~M; — MpMp Mpt, My~ Mg

SEEeSaw &
LR parities
(Y
C:Mp = ]\4N\/U—L]I — Mn—tM, MN, Senjanovic, Tello 12
R
Analytic solution via Cayley-Hamilton p(A) = 0= p(4) =0 Kriewald, MN, Nesti 24

VA=col+ciA+cy A A, A€ Cays c¢; depend on three
A2 1 (ﬂ/z B Tf/2) A—AT 1 invariants of A
= &

VA =Ty 5T

Tyyp = tr VA= St J;SX , 8§ = &, & = =32 (5T° — 9TTy — 54A) + 96
A,A T2,1/2 = tr \/Z\/Z V2= 16 V8T 4 48 3T, + 8T¢ + VAL,
T2 = tr . , , 3 2 3 -
Al/zzdetﬂ:@, 2 =16 V2 (T —3Tz)+§<16T—\/715i96\/6X \/Kg)

1

Tijp= (TP —T . Senjanovic, Tello 16, 18
2 ( ) P complicated Kiers?, Szynkman, Tarutina 23



Colliders, wDM, 0v2(

Colliders, eEDM,
0v283, X-rays,...

Oscillations, CnuB,
cosmo, KATRIN, ...

' “ S, Kriewald, MN, Nesti 24
Model file in FeynRules, UFOs at NLO

https://sites.goodale.com/site/leftrighthep/1-lrsm-feynrules
https://feynrules.irmpuclacbe/wiki/TL.RSM NLO



https://sites.google.com/site/leftrighthep/1-lrsm-feynrules
https://feynrules.irmp.ucl.ac.be/wiki/LRSM_NLO

RoOM model file complete FeynRules krewald My, Nesti 24

[ physical iInput scheme:]masses & mixings, quartics computed

gauge sector My, Mz, My, tan8 = Mgz, ., Uw,0Oz

. . . B (V) —
expansion and decoupling with | € & B0
VR
Mgz, ~ @ (1 +L_26%_4W> ~ 1.67
MWR Cow 8 Cw

charged and neutral would-be-Goldstones in L and R

1
['kin > —1 Z MWin‘_aﬁpj ’ ng > — Z g—Fi+Fi_ ’ F¢+ — an + ZSWZMWAO;{_
i=L.R i=L,R >V

usual CKM with CPV VKM v = K, VE¥M K, RH PMNS free

allow for explicit parity breaking 98 = ¢ > tanf, ~ 0.53

gL



LQSM model file Kriewald, MN, Nesti 24

LRSM going to QCD NLO, using MoGRe Frixione et al. '19

updated precise predictions pp — Wg, Zr, r and pp — IN,NN

LHC FCC-hh

My, | TeV My, | TeV My, | TeV
9 10 11 12 13 10.0 12.5 15.0 17.5 20.0 22.5 25.0 20 40 60

80
109 3 I

B pp > (TN, LO E

pp > (XN, NLO 10~ 1 3
0 pp> NN, LO ]
@ pp > NN, NLO 1072 3

B pp > (EN,LO
pp > (*N, NLO

0 pp> NN, LO

[ pp> NN, NLO

1073 5

102

103

104 1 - pp> N LO Vs =27 TeV 103 4

'8' pp > (N, NLO f

T ] > NN LO 10~ 1074 5
[ pp > NN, NLO

10— 4
0-0 /5 = 100 TeV

1077 4

5.0 5.5 6.0 6.5 7.0 7.5 8.0 6 8 10 12 14 16 10 20 30 40 50
My, | TeV My, | TeV My, | TeV

reduced uncertainties, K-factorsof 1.1



Signal topologies

Lepton Number Violation

p
Wgr
Dual flavometer - six channels
p
production My = VEmao Ve
fixed by CKM N RUCNVR

Myjs — TILN

~NO MIsSSINg enerqgy

00-00% same-opposite sign

2 vs. 3 body decays via Mp and & narrow mass peaks for my < My,

more on the Majorana nature Gluza, Jelinski 15 '16,
Das, Dev, Mohapatra 17,

LNV vs. LNC states Godbole et al. 20



do/dM [pb/GeV]

channel: pp — WR —/ RN Keung, Senjanovic ‘83

2
A 2 A 2
5_£N(§ . 0427'(' ‘VCKM (S_mN) (28+mN)
" 7252 2 2 \? 2 T2
MN, Nesti, Popara 18 clear peaks mostly on-shell, N boosted
\ MN, Nesti, Popara 18
1073 10 MWR\4TeV
1076 ~
[ O
1077} <
f 7 TeV &
10_8? ~
? A
10_9; %
E o
10—10? \‘.
10_11...............\S‘k ?...‘................m.f
0 2000 4000 6000 8000 0 % 1000 2000 3000 4000
Miny (WR) [GeV] Pr(t1) [GeV]
Miny dlsappears olf-shell = soft lepton and N

Ruiz 17



channel: pp — WR — / RN Keung, Senjanovic ‘83

2
A2 A 2
AEN( L a27T ‘VCKM (S mN) (28 + mN)
(¥} 2 ~ 2
725 (§— M2 )"+ M3, T%,
MN, Nesti 23 future colliders mostly on-shell, N boosted
107 Y \'s=100 TeV
104" | Vs =100 Tev : s=100TeV | -
10_57 _______________ my=1TeV, =0 ]
§ ________________________ MWii”GTeV my = 30 GeV
?8_ — 10
| 16
Sk — 22
T — 28
= — 34 .
STeV :'I 10‘:evl."15TeV-_.'.’ - . 5Tev "Qf()rTev/15Tev ‘ T
5 %10 100 500 1000 5000 10%
min[TeV] ! pr[GeV]
olf-shell = soft lepton and N

phase space suppression



P
X

B

N decay phase space

MN, Nesti 23

g.b. mixing
|  3bodyKS .-t ~ 2body Wg/ | |
H; L —3 2vs 3body decays via Mp and £
0.100 - : %, e
E . o - 7
I : J/@t’. N decay
0.010 - N o .~ ' /"7/)0 - ol 5 body eWR phase space
[ QAT S o RS |
0.001 - RPN IR AR s body S &
F ’190 S o~ % = s2B=1. dominates /Q?//’ T
i ~ I .
10-4 1L 3 /,;9;\ i § 1000 » & :
; i PN g 0.2 S |
10—5 . : V\~ .. 4 100l 2 body mixing _+” 2body Di[ac’
| My, > 10 - AR 8:65
_6 B R 1 N 1 i
1077 s25—>0.2 ol : 3 body KS -
- | | | N | 100, | | 3 body Dirac - |
1 10 100 1000 4 5 S 10 20 50
10 10 My, [TeV)
my [GeV]
My, = 30 TeV
5.x107% .
Total rate
bumps up 2.x1072 tanB
' 1 5 0.05ycs
Wlth J[V\]C) = 1.x10722 :
O y cC ay mEZ 23 o 0.3ves
£ 5.x10 J
5 oo for large Wk
see also Li, . 012w
2.x10 R ———- - - 1 — 034
Ramsey-Musolf, T
Vasquez ‘22
50 100 500 1000 5000

mn[GeV]



MN, Nesti, Senjanovic, Zhang 11

Sketch of asearch: pp — Wr — {rN

separated |
ceii first LHC data,
low bound
Hooor L-33.2pb !
merged >00F
neutrino
jet Rl
§ 50} . 0)/28(1:@4) . ]
Mattelaer, Mitra, & é _________________________ T ;: Lmm - LNV relation to
Ruiz 16 107 B e + Displaced Vertex OVQB
5F Ty~5m
/—’/
. / .
dlsplaced - CMS e + Missing Energy
jet I -
1000 1500 2000 2500 3000
My, [GeV]
missing
ATLAS: Ferrariet al. 00

CMS: Gninenko et al. 07



[solation and displacement pp = Wr — {rN MN, Nesti, Popara 18

Wgr — eN — eejj

500 ¢

2nd Jepton 1solation depends on the boost of N
300

M _
Y& = Wpgk — on-shell, 200
~ 2mN
TN =Y 1 Tev |
=~ Wpg — off-shell
myN

Lab decay length very sensitive to

0 aimy 1 (mpy/10 GeV)?

>

T ~ ~
N 64rMy, T 2.5mm (M, /3 TeV)?

15+

Simultaneous transition: P

prompt isolated - displaced 10!

e
T

4000 5000 6000 7000 8000
MWR [GCV]

merged, look for displaced

merged jets (tracks)




my [GGV]

Search overview pp — Wgr — {rN

7000
5000

3000
KS (eejj+ej)

2000 reach
1500 standard KS (eejj) (L=300/1b)
exclusion, 20- CL
1000 (CMS)
700
500
300
200 g
150 5
3
100 E_)) _______ .
70 = YN
SO | — = —— == T T

40
30

20
15

10

-
-— -
- - =
= -—
- —

=
- == = =
- - —
- -

standard + displaced |

MN, Nesti, Popara 18

standard prompt 1solated

Ng et al. 15, Ruiz '17
merged neutrino jet /7y

Mitra, Ruiz, Spannowsky 16
displaced jet 05

MN, Nesti, Popara 18
Cottin, Helo, Hirsch 18
Cottin, Helo, Hirsch, Silva 19

invisible: prompt ¢ +

relevant for any light IV talks by
search (SHIP. FASER, Mikulenko
MATHUSLA, etc) and Groot



Light region and meson decays

Alves, Fong, Leal, Zukanovich Funchal 23

e+J exclusion
(ATLAS recast)

4

my [GeV]

S, G W YWY SRR
10+
. Visible Searches
15+ . Invisible Searches -
. Meson Decay Ratios
8r=8L |
20 | | ] | | I | | | |
0.05 0.10 0.50 1

MN, Nesti, Popara 18
Cottin, Helo, Hirsch 18
Cottin, Helo, Hirsch, Silva 19

invisible: prompt ¢ +

relevant for any light V talks by
search (SHIP. FASER, Mikulenko
MATHUSLA, etc)) and Groot



Light region and meson decays

>
O
Q 10°F SHIP physics and =
& technical reports 1
15,16 A
10 F =
Left-Right Symmetric Model
|
: nggR
|
o LHC -
|
|
|
7 g 7
B K _
LE SHIP ]
:I 1 1 1 I : | I////// 1 | | I | 1 1 1 ]
5 10 15 20
my, (TeV)
6 65 7 75

MN, Nesti, Popara 18
Cottin, Helo, Hirsch 18
Cottin, Helo, Hirsch, Silva 19

invisible: prompt ¢+ F.,

relevant for any light IV
search (SHIP, FASER,
MATHUSLA, etc)

talks by
Mikulenko
and Groot



Future overview pp — Wgr — {rN

Combination of off-shell, resolved,

merged, displaced and invisible

_1 T T T | T T T T | T T T T | T T T T [ T T T T [ T T T [ T T | I___h
. t8-0,0.12,0.3 Ecom— 100 TeV
~— [ 3000/
\
10% ;
i f’
5000 |- |
\
> |t
O] |
O, |%
= !
& 1000 : B
,.
. /1
§
500 _ | |
100 L
: o . 1/;
50 o]
L I L 1 I L L I L 1 1 | 1 1 1 1 | 1 1 ‘ 1 | |
10 15 20 25 30 35 40
My, [TeV]

Extensive reach 35 TeV at 3 sigma

100

10

my [GeV]

0.10

0.01

MN, Nesti 24

Interplay FCC-hh, 0v25, BBN

FCC: -
Invisible N\\

(e+kE) : :

|~ Excluded by BBN |
TN < SecC
50

100
My, [TeV]

kton detectors exceed colliders



Resolved leptons and jets:
search status in 2024

Lepton Number Violation

138 fb' (13 TeV)

Vs =13 TeV, 139 fb”, All limits at 95% CL

Electron channel

my (TeV)

T L | L | T T 1T | T T 1T L | T T T | T T 1T | T T 1T | L | T A_' — 7
IR : o C
L Combined (exp.) CMS 10 ||‘I % - ATLAS Resolved 36 fb™'
. - JHEP 01 (2019) 016

5 __"" Combined (exp. + Sd) ee Channel 9 ||:, . ATLAS Bc(Josteci 80 b ATLAS '

B _ > —_ _ Phys.Lett.B 798 (2019) 134942  Majorana scenario

[~ —— Combined (obs.) o) s = CMS Combined 138 fb™

B 1 2 < - JHEP 04 (2022) 047
41— Resolved (obs.) I: - - Boosted Expected (x10,,,)

L — Boosted (obs.) S - . Resolved Expected (+1 o)

L i3] B

| ___CMS 13 TeV 10 3 — Boosted Observed
3 (resolved, 36 fb™) * -

L 8 B — — Resolved Observed b

N 3 I S P

N 02 € - LN
2 — S B \Q\?\\\\ y AN} S

B £ __ \\Q\\\\ S~ \ : .

~ - L \\\\ “““““““ ‘ )

- ) L ‘ N AN Qs‘ i

— 10—3 o - i ;3\\\ l

_ S N e
o 1 LI
107* § _I\j RN ||..m>—\'r'?"'."?—|l.\.\. IR o i Y A
1 15 2 25 3 35 4 45 5 55 S 1 2 3 4 5 6 7
My, (TeV) m(W_) [TeV]
L — — C — —S—

similar for muons CMS 2112.03949 ATLAS 2304.09553



Experimental limits review in 2024

Muon channel Vs =13 TeV, 139 fb™", All limits at 95% CL

ATLAS Resolved 36 fb™

JHEP 01 (2019) 016 ATLAS
ATLAS Boosted 80 fb™

CMS Combined 138 fb™
JHEP 04 (2022) 047

_______ Boosted Expected (10

m(N_) [TeV]
o

oxp)

............. Resolved Expected (=1 o,,)

Phys.Lett.B 798 (2019) 134942  Majorana scenario

4 - Boosted Observed
= — Resolved Observed
_ <
h <
| . \\ \

2 & QA
- , Q'
- \\\\\
AN
RN . N
VAN AUNTRNN SR R SR R \\\\*

s W M EE E EOEEE N EEEEEEE NN EEEEEEEEEEE SR ===, s W W Em MmO EEEEEEE S === ===

ATLAS

Lepton Number Violation

' standard prompt isolated mode .
- ATLAS
“'e, mu :
; 0.8 TeV' " 930400853 ;
; CMS
. tau 3.5 1eV 911503049

P e i i P

lepton + missing energy

]
R I R R

o100 M 3 5.1(6) Tey. ATLAS
e mu My 20 (6) ev1906.056095

ATLAS

------------------------------------------------

interplay with 0v203

Mohapatra Senjanovic /79
Tello, MN, Nesti, Senjanovic, Vissani 10

- em o m o mmEmmomoEomom s W M EE E EOEEE N EEEEEEEEEEEEEEEEEEEE SR ===,

: Vol ATLAS 158 TeV :
g My, >4 TeV 191008447 g My, > 4.5 TeV 930508521 s -0 1€ CMS 2210.00043

______
----------------------------------------------------

- ~ .
....................................................



LQSM model file Kriewald, MN, Nesti 24

[ physical iInput scheme:]masses & mixings, quartics computed

Scalar sector: doubly, singly charged, neutral

[nput masses, output Mixings, some quartics U,, Oy, A;, p;

Goldstones, gauge [1xing for A7 LNV pheno, see talks by Kriewald and Ruiz
Bolton, Kriewald,
V={-12 [67¢] - 3 (|00'] + [67¢|) — 3 (|a,aL] + |2pak]) | minimization MN, Nesti 24

+2[0h0]” + (W} o ) + 2 |90t |16] + N [010] ( |d0'] + [00])

+ o1 ([ALA A N 2) + ps ({ALAL] {A};A}] + [ARAR} :A}}AED + p3 {ALNL} [ARAE]
+pu (

EEVEY N} ALAL] [Ardg]) +ar[o16] ([A,AL] + [AgAL))
([6o'] [a,a] + 676 [apaL]) +he) +as ([o0'a,a] | + [oon k)
G

+ (o

2
‘|‘51<

qu;g] + :¢TAL¢AH) + B, ([QBAquTAH + [&TAquA;]) + By ([quRqBTAH n [qﬁTALqBA};D

UA



e opp— H A, LO

pp — H, A, NLO
e pp — HTE(t), LO
e pp — H*E(t), NLO

1076 4

S 1.00

~—
b 0.75

1I6 1I8 2I0 2I2 2I4
My = Mg = Mg+ | TeV
Neutral A}, can be light

mMass ma vVs. Mixing sin ¢

Majorana Higges!

[LROM  scalars phenomenology

/3%9010\

RApR
Jepa0
\§9020 )
H A mediate tree-

leve]l FCNCs

= Opxn

Kriewald, MN, Nesti 24

125 GeV
()
A GeV — TeV
1 }>15TV S
\4/ § =RV

Maiezza, MN, Nesti, Senjanovic 11
Bertolini, Nesti, Maiezza 14, 19
Mohapatra, Yan, Zhang 19

10!

10—t

gg — AA
0 gg — hA
V5 = 14 TeV
/5 = 27 TeV
/5 = 100 TeV

10—7_

1079

102

MA / GeV



Majorana sM Higgs

h decays

2
I'n NN X sgmy

coupling

2

I'nonn

I'

h—sbb

T T lllllll

| X &Y Coll. 2277

L L
3
2
N
\

T T T T 71T Illlllllllllllllllll

| L1 1111l

x10*

Coao il
I'th—-> NN)

1 llllllll

1 | llllllllllllllll

3000 5000
mass in GeV

2 Gunion et al. Snowmass ‘86

EFT SM+h+/\] Graesser 07

Maiezza, MN, Nesti 15

=
)
x

T [ T T T T [ T T T T [ T T T T [

MWR =3 TeV

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

10

1201 -

30 40

my 1n GeV



Right-handed Higgs

A% decays

MN, Nesti, Vasquez 16

1.000, . —
0.500 ¢ o -

0.100
0.050

=

aa

0.010}

toSMvia  0.005]
mixing [

0.001- ~

—f )

T My, =4TeV

my = 45 GeV

100 150 200
NN S Ly 7 (mp = ma) mu 1n GeV

Displaced photons
Dev, Mohapatra, Zhang 16 (SM, W, AELE )

3

m a \ 2
o= 50 (3)

64 \4rm

[FAl?



{

A d_ecays

Region of interestfor A — NN

20 GeV < ma S 170 GeV

Decay length

Mw, \*
h TeV

4 5
cTy ~ 0.1 mm ( 0 GeV) (

mn

Leads to two DV with LNV

| Lepton Number Violation

70

mpy 1n GeV

60

50

MN, Nesti, Vasquez 16

> 10%) ‘

(Bra_xn

i MWR =3TeV

100
(N in GeV




S e n S ]_t ]_V]_ty MN, Nesti, Vasquez 16

Combined h—> NN A —->NN AA—->NNNN

60 180 60
150 Sl0em 150 150 oem 150
140 120 140
| % >
30 22 90 30
gg
Electrons | Muons |
60 P Ve oi3Tev |20 60 Vs=13Tev 20
£=100fb"! £ =100 fb!
Sg = 5% - | Sg= 59 ----|
0% 13 40 1% 113
20 30 40 20 30 40
MWR in TeV
connectionto Qv2p3 displaced 001 mm to 1Im

GERDA, Neutrino 16

KamLAND-Zen 16 discovery reach beyond

h— AA —- NNNN direct searches



L

RSN dark matter

Hot thermal relic

bsee | TR Bezrukov, Hettmansperger, Lindner ‘09
™ g,
‘Diluted” relic sterlle neutrinos + gauge interactions
o, 2meeM - overpopulation solved by entropy dilution
0
oMY MV Scherrer, Turner ‘85
hunting for ight Wr~ MN, Senjanovi¢, Zhang 12 repopulation issue
vyMSM
Non-thermal history or
100 DM over—abundance
> I
& S0 N
g o -
: / ! secondary DM population ~ MN. Zhang 23
= — T T
10/ i ]
H 0.1 primordial B0l —
S5k Decays too fast -
e ]
‘ ‘ ‘ ‘ ‘ | (j;?é 107 secondary |
0.2 0.5 1.0 2.0 50 10.0 )
Dilutor mass in GeV 107

TeV scale window?

0.1




| RSM dark matter MN, Zhang 23

Warm component atfects the linear matter power spectrum

Somewhat iIndependent of dynamics: 2 body ~ 3 body

Thermal production of X and Y, iIndependent of my

f(:li‘) 105E T T [ TTTE o
5 N {BIX S 1%
m: 104:— —
= — =
CLASS 11 (3x) 2 — )
= ~ _
1000 — .
=4 — —
oy - . |
— - Tiducial DM+
: 1 data
usual wbDM 100 =
suppression at = L
0.01 0.05 0.10 0.50 1

large k
k  [h/Mpc]



mpy, (keV)

[ RSN dark matter

Anatomy of LRSM DM candidates MN, Zhang ‘24

tough...
X =N ,A{ stable. decays via N1 — 3v, vy
fast 2 body
Dilutors Y = Na 3, AY N; — Lqq, , v, 3v, LW

dangerous 3 body
mx 2.2 GeV 1 sec :> 0.4MeV  my
QOx =~ 0.26 (1 + nB ( ) Tri ~
x ( o rX) 1 keV ( my ) TY RH g (TRH>1/4 1O6mX
1000 S
500 v | | need to suppress Brxbelow 1%

BBN
Nno-go via type I seesaw, Dirac M

TTITTT | HII\H‘ I \IIHH| I IHI\H‘ [T TTTTT

100

50

Type—I seesaw region Qe

— need to be here no-go

my=6.5keV  — What about & and AOR?

my,=100keV i
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Gauge boson mixing dilution works, so does A%
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Gauge boson mixing dilution works, so does A%
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