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consider pure axial vectorial Z’,

8. gfL = —GfR

rich phenomenology

generating anomaly free fermions spectrum



SM is Anomaly Free

Awws == Y &[f]Y[A]— > d[fR]Y[fR]=0

f, /w SU(2) fo/w SU(2)
Aggg =Y d[f]Y[f]— Y  dlfr]Y[fr] =0
f, /w SU(3) fo/w SU(3)
Acee =Y  dfilas[f]Y[f] =  dfr]ds[fr] Y[fr] =0
fi fr
A = ) d[fi]ds[fi](Y[f])® — ) da[frlds[fr](Y[fr])* = 0
fL fr

where dyy is the dimension of the representation under SU(N), and
Y is the hypercharge.



U(1)' Anomaly Free Conditions

Analogously with the SM anomaly cancellation condition, there are
Awwz', .Agng, Accz, and Az 717 and two additional

Cancellations from U(1) and U(1)’.

Azzg = ) dlfldlf]Y[f](z[i])* - )  dlfkldsfk]Y[fR](z[fk])
fL fr
=0
Appzr = ) lfildslfilz[f](Y[f])? — )  dalfrlds[fr]z[fr]( Y [fR])’
fL

fr
=0



Exotics and Anomaly Free

In the case of a pure Axial vector coupling to both the SM and
DM:

SO N P
Field Name | U(1l)y SU(2)L | SU(3) Notation
s QLR 1/3 2 3 (3,2) (13, 2)
Ups UL R 4/3 1 3 (3,1) (43, 2)
dy, d g —2/3 1 3 (3,1)(—2ss, 2)
Ly, Ly p —1 2 1 (1,2)(—y, 2)
Eh, €L R —2 1 1 (1,1)(—2, 2
VRy XL.R 0 1 1 (1, 1)(0, 2)
H 2 1 (1,2)(1, 2)




Straightforwardly, anomaly cancellation is solved by a general and
unique set of equations:

zQ, = 2qQ; +2zsm, 2z, = Tzsm + ),
zg, = Zg + zsMm, 2y, = 71, +6zsM, Zg # 2zg + Bl zom + 14z,
Zg = %(zd[ + 62, — 22q, — 28zsm — 142,),
Zel, = %(Zdz + 62z, —2zq) — 37z5m — 142,,2),
é ( — 822Z —4zyzg — 322??[ — T4z4 zsm + 582¢; zsm

~40423,, — 2824y2,) + 5620,2,) + 469z5mz,; + 13322, ) |

where Q2 = 606zg\ + 168zqu — 12Zd[ + 2420{



If zs3m = 2zg; =1 and zy = —zg, = —3:

zy =4, 2z =3, zg =4 2z =-9,

ZL;? = —3, Zel/_ - —13, Ze;? o —16.



Name ng | Lepto-phobic/philic?
1. Universal Model 3 X

2. /w DM Model 3 X

3. L-phobic Model 3 Leptophobic

4. L-philic Model 3 Leptophilic

5. 1G-Model 1 N/A

6. t-b-Model 1 Leptophobic
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Field 41 42 43 44 15 46
Q)] 1 1 1 : 1 -
2[Q") 3 1 0 i 1 1
2] 3 2 2 2 1 1
z[up E 3 -1 5/2 , ]
2[d, 3 6 -2 2 1 1
z[d%] 4 5 11 -5/2 - -
2[L)] 9 82/3 | -49/12 | -157/48 - -
2[L) -3 98/3 | 95/12 | -13/48 1 0
M CA 13 | -100/3 | 103/6 | -85/24 1 0
2[ely 16 | -127/3 | 67/6 | -121/24 - -
z[vR)] - - - - 1 1
Nvg] - - - - 2 2




SM Fermions

For axial vector couplings z[QLuR]_: 27y and z[Q dRr] = 2z, the
gauge invariant mass operator H' Q; ug requires that
z[HT] = —22.
However, HQdr breaks down U(1)' gauge invariance. There are
two ways out:

» Type Il Two Higgs Doublet Model

» EFT higher dimension operators %SHT QLuRr. Sis a SM singlet

and gets vev (S) = v/ to break U(1)" (Froggatt-Nielson).

» mz ~ g'vl; mg ~ Asv' ( As is the S quartic coupling.)



Exotic Fermion Masses
Model {1

z[H] =2, z[S1] = 1 and z[S4] = 4

Lsvy D yiHQLug + }_;\&54HT©LdR + %54HTZL9R

LEx D yQ’52QLQR + —"’752STULUR + yqr S1d d;? + 4{545 2/.’ L’
+2£ 5, STe,_eR

Luv D ypH Livpr + v, Sabrer + mydrir
Y

where A = y’:;f’, and v, ¥R in the representation (1,1)_23
("



Mass Generation For Mirror Construction

In order to have above EW massive mirror exotics, additional U(1)’
neutral charged exotics fermions are introduced:

Lmir D Séf_Qk + Sy up + Said;; + 5[',_ '+ Séler .

where z[Q]] = z[uR]| = z[d] = z[L}] = z[er] = 0 and z[S] = —1



The Non-Perturbative Limit

U(1)’ coupling strength o/ = g’?/4= runs with the energy scale Q
Is given by

da,_l b 2
dan:—Z with b= Z Zf'*'z

If the new fermions enter at the scale M, the running of g’ to
some UV scale A is described by

a'_l(/\):a’_l(mz/)—/ IZT dinQ — / bz +bM dinQ

mzl

where b7 the sum is over the SM states and DM.



The Non-Renormalizable Limit

The scale limit Ag for an anomaly EFT theory maintaining

renormalizable without introducing exotics to cancel anomaly at
scale M is: (Preskill 1991)

6473
M < mz =A
( gpAz 22| ) g

where gg = g(Ag) and Az 7z = Tr[2>] is the U(1)® anomaly
coefficient calculated in the EFT below the scale of the exotics M.
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PURPLE CONTOURS: g’ runs non-perturbative. GREY REGION:
Ap < M. RED CURVES: Ag for mz: ~ 1 TeV(DASHED), and 100
TeV(soLID). YELLOW CURVES: Unitarity for mz ~ 1
TeV(DASHED), and 100 TeV(SOLID). M <V ~myg/g
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Summary and more coming

Systematic construction of extra spectrum for
Anomaly cancellation.

Where are the new exotics?
Mass structure

More on t-b-philic DM work



