l Vector Boson Dark Matter From Trinification I

Anil Thapa

PPC 2022: XV
June 06-10, 2022

[JHEP 02 (2022) 051]

In collaboration with
K.S Babu and Sudip Jana

A

UNIVERSITYafVI RGINIA




Motivation

° Basedon SU(3)-xX SU(3); X SU(3)p (Trinification)

— Can be realized at TeV scale [Rujula, Georgi, Glashow, '84]

— Quantization of electric charge i
Q=13 + I3z . (Tgr + Tgp)

— Models are asymptotically free and can be extrapolated
all the way up to the Planck scale [Pelaggi, Strumia, Vignali, "15]

— Does not lead to gauge boson mediated proton decay
[Babu, He, Pakvasa, '86]
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Motivation

° Basedon SU(3) X SU(3); X SU(3)p (Trinification)

— Can be realized at TeV scale [Rujula, Georgi, Glashow, '84]

— Quantization of electric charge i
Q=13 + I3z . (Tgr + Tgp)

— Models are asymptotically free and can be extrapolated
all the way up to the Planck scale [Pelaggi, Strumia, Vignali, "15]

— Does not lead to gauge boson mediated proton decay
[Babu, He, Pakvasa, '86]

o Verities of DM candidate

1) Doublet-singlet fermionic DM
i) Singlet scalar DM
i) Vector boson DM
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Vector Boson DM
o Natural realization: DM candidate under discrete trinification

parity (/-parity) T = (< 1)t

o \ector Boson DM (W7M):
— Electrically neutral and singlet of the SM gauge symmetry

— Couples off-diagonally to fermions and scalars

— DM candidate originates from the symmetry breaking chain:
SUB3) - % SU3); X SUB3),

v = (1,6,6%) ¢ (x) # 0 = Majorana mass for v
O = (1,3,3%)| sUB). x SUR), x U(1), x O(2),

¢ (D) # 0 = mass to SM fermions

SUB)-x U(1),,,

The gauge boson of the O(2) is the DM candidate
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o Fermion Fields: {Q; @ Or @ y; } Vedor_l.i;;ij;flet_s\
1 1 €
obar=(4)  eaaa=(g) w033 =feiiet
DY, M R e vt N,
vectorlike iso-singlet SU(3)Ll SU(3),—>
o SM+v°:T even o [epton number explicitly broken
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U u

or (3’3* 1) — (._d.> or (373* 1) = <.d.

_D‘ L /.D.
'?;ctor—like ISO-singlet

} vector-like doublets
T o

) V/L(la3 3*> = :E“L:'ECOI U

' R ec -U-C- N} L

SUG))  SUG—

o SM+ v¢: T even

o |Lepton number explicitly broken

o Scalar Fields: @, ~ (1,3,3™)

n+1

o The vacuum expectation value are:
Vun O _(_)_

(©,) =] 0 v 204, (5
0 :;0:V

/

x ~ (1,6,6%)

: a af
components: @7 and X

ij: SUGB), af:SUQ3),
>:V1/’ <)(33??>:VN

(CD%) (VEV of v-like scalar) = 0 = Unbroken T-parity
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Anil Thapa | SU3). X SU(3), x SUB3),




~Zy =Yy O @O + Yo, wiwl (@))€ ep, + v, Wiyl y) + h.c.
e Quark masses:
M,=Y, v, n = 3 = no obvious relation among
M, = Y V. mass matrices + leV scale breaking
MD Y V Mu — gl Vul > Md — Yqz Vd29 MD — Y V3

e Chargedleptons: M,=-Y,, v,,, Mgp=-Y,V,
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~Zy =Yy O @O + Yo, wiwl (@))€ ep, + v, Wiyl y) + h.c.

e Quark masses:

M,=Y, v, n = 3 = no obvious relation among
M, = Y V. mass matrices + leV scale breaking

_ M,=Y, vy, My=Y,vp, Mp=Y;V
MD — an Vn U gl Yul d g2 Vd2 D 3

e Charged leptons: M,=-Y, v, , Mp.=-Y, V

o Neutral leptons: i (ETLELN). ...
(v, 1°) 0 YoV Yo
o ( 0 —anvun> ;MN = | Y2V, 0 YeuVan
v \=Y, v, v,V Youhun  YenVan  YeVn

o — . .
mhe t ~ — Y, v )y,V) I(an"un) I odd—"Lightest particle =DM
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L qauge = ZDM(@ )¢ D@, + ) (D) (D,
apij

( oo )\ n iWH Wi FiWk
W3 2 V2w w2vhl Wk = Wi T WS V= L
V3 A V2 V2

T. W = | V2W =W+ — /270 —

T WL,R \/_ 3 V3 L\_/___ ) VO(*)'M _ Wg + ZW# T pa”ty —
f\/gv— NG - V2 no mixing W#* and V#*
N V3 /LR (WzH_, W]/;_l_) ; (VI’iH_, VI’L{F)

1 odd
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L gauge = ZD”@ ¥ D@+ ) (D) (D',

apij
St W F iWE
(w2 awr v e MIFEWE e T F TS
V3 ! : \/5 V2
= W _ - LT Oy .
T Wl[fR - }/_5_‘_)‘/_____??__'___\/5 L\_/_E_V_,' VOt — Wg F WY Tpa”ty ——
' V2v- oy aven 2 V2 no mixing W#* and V#*
U V3 /LR (WzH_, Wl’g_l_) ; (VI/:H_, V£+)
I odd
o (W, Wi andi(Wy, W) | V,=Vy>V,
o Y MATTAEIE | (Vy—V)=aV,
1 (80, +Vi+t2(Vy+V)) —2818RVanVn
2 _2ngRvngn E gR(vdn T V2 +2 (VN )2) i

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

o T even neutral gauge boson (W, , W', Wi WI') mix to give (A¥, ZF, Z” Zzﬂ)

3L’ 3R’ "'8L’
physical states
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L auge = D, D@ D@+ Y, D) (D'
n apij

([ p—— / ) — 1) VH — JWH
"le Atthe scale SU(3); X SU(3) unification:
T-Wyg= a; = gildn =
E" n 4 ap = gildn nd
\‘--
e Taking a,,(m,) = 1/127.940, sin” §y,(m,) = 0.23126,
ae_,,,,} = aL_l + a;l, and one-loop renormalization group
. equations with b, = 41/6 (—19/6) for ay, N>V,
U) — avl’l
2
1 (8T, 'NT V) —A8LSRYdnVn
2 -2 V gRVE + VEH2 (Vy = V)P
ELERVdn Y n + §RVan n N %
o 71 even neutral gauge boson mix to give (A*, Z¥, Z;’", Zé”

physical states
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~ Higgssector
V=V + V(g)+ V(D,x)

o 36 complex components in )(l;‘ﬂ = 0 triplets, 6 doublets, 6 singlets

o CD? decomposes into 3 doublets and 3 singlet fields

® ' parity even fields

XEE » Xege » Xeo ~ (1,3,1) Xens Xeen» Prge Ppp, ~ (1,2,172)
o ~(L12)4 42 ~(LLD, (& s @) ~ (1,10,
‘--------------5-_T_1|_ ---------------------------- h &h
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~ Higgssector
V=V + V(g)+ V(D,x)

o 36 complex components in )(l;‘ﬂ = 0 triplets, 6 doublets, 6 singlets

o CD? decomposes into 3 doublets and 3 singlet fields

® ' parity even fields

XEE > XEEc > Xev ™ (19391) XEN> XEcN> (I)EEC, (I)EE ~ (1,2,1/2)
S A ~an, (GEESYTAI0
< e S S W & h

® [ parity odd fields

)(l,'ZE 9)(},Zy ~ (19390) XEve s XEeye s XeN ’(I)ey ~ (1,2,1/2)
)(Ee ~ (19391) )(Eec ~ (1,2,3/2)

. , Light scalars
( 139 ¢1) ~ (19191) :( 239 ®2) ~ (191’O)I T,
233> P3 4330 3) ™ ALY - 167, h',H, h)

H'— |if lightest =DM
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1 S,
MW7R = MDM = _gRVn \/1 + 2612 MVLQ =

V2 _Vitd

® mixing ~ 0 with SM Higgs = avoid Direct detection limits
® Annihilation determined by the gauge coupling g, and masses

< L4 AAMAAAC - = - - - - |

W7R d/ef! W7R ’ s W7R | h
DIE ! JE O s : H!
~
W?R d/e/! W7R S N h! W7R I h!
AAAAAL—>— . AAAAAAE = — = = = -
‘1 /d
-’ h! e
W+7R . - V'\‘/;,}’\/‘/\/L
----- ~<
I ~

Co-annihilation

8 M,

{Mpps Myro, My, M, }
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{Mpy My, o, My, }
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Mpy > My,

Direct Detection Limit

Mpy S 800 GeV
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{Mpy My, o, My, }

Wor dle/
DIE ! JE
W7R d/e/!
UVAVAVAVAVAY >
Mpy S 800 GeV
600

Mpy > MyLo~___{ Qh? = 0.12£0.005

Direct Detection Limit

200 300
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Qh% = 0.120 £ 0.005
MVLQ =2.1TeV

400 500
]Vft(Ll; [C}e\/]

Theoretical boun

My = Mgy

600
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My = Myrg
MVLL = O.SMVLQ
MVLL = 0-25MVLQ

2000 l 9500

My < SMpy,

o My, ="2.1TeV = collider bounds are satisfied

M, < [500 — 600] GeV




Mpus MVLQ, My, ;, M, } VYW,

W7r
VD/E JE ©

(i) M, = 500 GeV (blue/green) (i) M, = 300 GeV (blue/green) Wr d/el!

——

1000

1 QRh?=0.12 4+ 0.005 ®  Myrr = Myrq PRt

- e © MVLL = O.SMVLQ Wor e <
800 - Wi oo

200
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e DM candidate arises from TeV scale Trinification

e This setup admits doublet singlet fermionic DM, scalar singlet DM,

as well as vector boson DM.

e [he model predicts the vector boson DM mass to be below 900
GeV, along with upper limits of 4.5 TeV on the vector-like quark

MasSSes.

e The entire parameter space of the model should be explored in

future collider experiments.

June 22 Anil Thapa | SU(3) x SU(3), x SUB3),



