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* how the line operators vary under the 6 angle. There are 5 such angles, calling
0.,0,,05,0 and w,, for U(1)y,SU(2);,SU(3).,U(1)x and SU(2)y, respectively.

* the quotient gauge group of the G2ZHDM could be divided into two categories.
U()x-- U)X U(1)xU(1)X:-
X X - Or X
ZN Zm ZN

e Theta terms of the G2ZHDM

— 30 20 *
. 551 16n2fdx4 ff T o2 —= fdx4tr( fzfz) + 167:2fdx4t’r( f3f3) T

167T2fdx4 *93 4tr( *99)

« Wheref,f,,fzare the strength of U(1)y,SU(2).,SU(3)field, respectively. And
g,g for U(1)y and SU(2)y, respectively.
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* Theta terms of U(l);iU(N)theory are
* NQN 4. %
* Sp = xtr( *FF) +16 3T — [ d*x*(trF)(trF)

. StrengthF derived from field a + @1y. a and @ are U(1) and SU(N) gauge fields,
respectively.@y € [0,21),0 € [0, 27N 2), Now.

» Consider U(l)XSZ(N)XSU(M). Theta terms of U(1) X SU(N) X SU(M) theory are
NxM
M6 N6
" 59 = Nfdx4tr( fnlmfu Mfdx4tr( “fulnfuly) +

167T2fd 4*ff



G2HDM#=#YfyTheta:

* To describe this new U(N X M) gauge theory, we introduce two
gauge fields ay + daly and ap + al,,. Then, we could obtain the

strength of these two fields Fy = fy + f1lyand Fy = fir + f 1.
U(1)XSU(N)XSU(M)

Theta terms for theory are
ZNxM
* Sp = Aﬁﬁf dx4tr( Fy1yFy NBM =3 dx*tr( *FylyFyly) +

O-NM?6—-MN?6 N
16n2(11\<l><M)2 Mfdx4 tr(leXM)tr(lexM)

» tr(f 1yxu) the last term equals to tr(Fy1y) or tr(Fy1y).We can
find that Oy € [0,2m),0y € [0,2m) while § € [0,2rN*M?)
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* What if there are two U(1) gauge group in the denominator of
the quotient group? Theta terms forU(1)y X U(1)x X SU(N)
gauge theory are

° 59_

4t7‘( foN) T 67T2fdx4 *ff T 67T2fdx4 *gg

* We mtroduce two gauge fields, anday + b1y. Where b is
U(1)ygauge field whose strength isg, andayisSU (N )gauge field
whose strength is fy. Then, we can obtain the strength of these
two fields

°F=fN+f1NandG=fN+§1N
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U(l)yXU(l)XXSU(N)
ZN

— [ dx*|tr( *FF) + tr( GG)]

can then be written as

* SO, the theta terms for

HN]-

29
~ Ny O 2

0 X _
167T2N2fdx4 tr(le)tr(le) T nzszdx4 tr(glN)tr(glN)

» Where tr(f1y)equals to trF,and tr(g1ly) equals to trG. From
this equation, we get 8 € [0, 2m) while 8 € [0,27N?) and @ €
[0, 2N ?).

059_




G2HDM#=#YfyTheta:

U(1)yXxXU(1)xXSU(N)XSU(M)

e for

ZNxM
SU(N) X SU(M) are

M6
¢ S€= 16n1\2’fdx4t7‘( leMfN

6 > 7 *
167T2fdx4 ff + 167.[2fdx4 gg

* There are four canonically normalized gauge fields that introduced, that ay +
aly,ay + bly,ap + dlyand ay + bl,,. The strength of these fields are

* Fy = fy + fln,Gy = fy + G1n.Fu = fu + flyandGy = gy + §lu
* respectively.

gauge theory. Theta terms for U(1)y X U(1)y X

N@M

fdx4tr( “fulnfuly) +




G2HDM#=#YfyTheta:

MOy 1

* the theta terms become Sy = Ten? Ef dx 4[ “tr(FylyFyly) +

tr( *GuluGu )] + =252 [[er( *FulnFuly) + tr( "Gy lyGuln)]+
018y ‘18,
WEME 2N 2 [ gt e (Fhear)or(F L)
® 16y 10y

N2M2 2N
1612
* Where tr(lexM) equals to tr(Fy1y) and tr(Fy1y), tr(G1yxy) equals to

tr(Gy1,)and tr(Gy1y). We can tell that 8y, 85, € [0, 27) while 6 €
[0,2tN2M?) and & € [0, 2TN?M?)




G2HDM#Z 2! CPA~Z: Theta:

* For different quotients, there are different kind of theta terms.
e G = U(1)yxSU(2)1 . XSU(3)¢ 5 SUR)gxU(1)x
ZN ZMm
» Take I' = Z,; X Z,y for example. There are two U(2) 0 angles, say ,0
and @. In which,0; = 0, . Here, when 8, = 0, 1t has 0 = 0,4m;
whenf, = m, it has 8 = 2m, 6m. Meanwhile, it has @ = 0,47 when

w, = 0 and w = 2m, 6mr when w, = 1. All of these are CP invariant,
like the theories of I' = Z,;and I' = Z,y




Conclusion and outlook

* The spectrum of line operator in G2HDM model is obtained for all the
possible cases

» The variation of Theta angles under different center group is presented for
all the possible cases

 The spectrum of line operator under spontaneously symmetry breaking is
discussed for all the possible cases

» The similar treatment to the ledt-right symmetric model of elctro-weak
interaction with ¢ = (SU(3) x SU(Z)L X U(1)g_) X SU(2)g is in progress

* The inclusion of axion couplings can result the non-invertible symmetry

« THANKS
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