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Introduction

Several breaking patterns for SO(10) to SM

The gauge group SU(3)C × SU(2)L × U(1)R × U(1)B−L
may survive down to TeV scales, this is the “BLR” model

More popular is B − L model, U(1)Y × U(1)B−L

Both B−L and BLR offer Z ′, which we may distinguish at the LHC

Figure 13: Some possible candidate unified gauge groups.

decompose into multiplets of the SM gauge group SU(3)C×SU(2)L×U(1)Y as F = (dc, L),

corresponding to,

5 = (3,1, 1/3) ⊕ (1,2,−1/2), (9.2)

and T = (uc, Q, ec), corresponding to,

10 = (3,1,−2/3) ⊕ (3,2, 1/6) ⊕ (1,1, 1). (9.3)

Thus a complete quark and lepton SM family (Q,uc, dc, L, ec) is accommodated in the

F = 5 and T = 10 representations, with right-handed neutrinos, whose CP conjugates are

denoted as νc, being singlets of SU(5), νc = 1. The Higgs doublets Hu and Hd which break

electroweak symmetry in a two Higgs doublet model are contained in the SU(5) multiplets

H5 and H
5
.

The Yukawa couplings for one family of quarks and leptons are given by,

yuH5iTjkTlmϵijklm + yνH5iF
iνc + ydH

i
5
TijF

j , (9.4)

where ϵijklm is the totally antisymmetric tensor of SU(5) with i, j, j, k, l = 1, . . . , 5, which

decompose into the SM Yukawa couplings

yuHuQuc + yνHuLν
c + yd(HdQdc +Hde

cL). (9.5)
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MGUT
<latexit sha1_base64="pJMfIx9ODqRtJe87CJMNGJ/cHGM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECk1baEPZbKft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7Y+GHi8N8PMvDARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDH0WSxi1Q6pRsEl+oYbge1EIY1Cga1wfDvzW0+oNI9lw0wSDCI6lHzAGTVWaj30sju/Me2VK27VnYOsEi8nFchR75W/uv2YpRFKwwTVuuO5iQkyqgxnAqelbqoxoWxMh9ixVNIIdZDNz52SM6v0ySBWtqQhc/X3REYjrSdRaDsjakZ62ZuJ/3md1Ayug4zLJDUo2WLRIBXExGT2O+lzhcyIiSWUKW5vJWxEFWXGJlSyIXjLL6+S5kXVc6ve42WldpPHUYQTOIVz8OAKanAPdfCBwRie4RXenMR5cd6dj0VrwclnjuEPnM8f/cOPVA==</latexit><latexit sha1_base64="pJMfIx9ODqRtJe87CJMNGJ/cHGM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECk1baEPZbKft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7Y+GHi8N8PMvDARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDH0WSxi1Q6pRsEl+oYbge1EIY1Cga1wfDvzW0+oNI9lw0wSDCI6lHzAGTVWaj30sju/Me2VK27VnYOsEi8nFchR75W/uv2YpRFKwwTVuuO5iQkyqgxnAqelbqoxoWxMh9ixVNIIdZDNz52SM6v0ySBWtqQhc/X3REYjrSdRaDsjakZ62ZuJ/3md1Ayug4zLJDUo2WLRIBXExGT2O+lzhcyIiSWUKW5vJWxEFWXGJlSyIXjLL6+S5kXVc6ve42WldpPHUYQTOIVz8OAKanAPdfCBwRie4RXenMR5cd6dj0VrwclnjuEPnM8f/cOPVA==</latexit><latexit sha1_base64="pJMfIx9ODqRtJe87CJMNGJ/cHGM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECk1baEPZbKft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7Y+GHi8N8PMvDARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDH0WSxi1Q6pRsEl+oYbge1EIY1Cga1wfDvzW0+oNI9lw0wSDCI6lHzAGTVWaj30sju/Me2VK27VnYOsEi8nFchR75W/uv2YpRFKwwTVuuO5iQkyqgxnAqelbqoxoWxMh9ixVNIIdZDNz52SM6v0ySBWtqQhc/X3REYjrSdRaDsjakZ62ZuJ/3md1Ayug4zLJDUo2WLRIBXExGT2O+lzhcyIiSWUKW5vJWxEFWXGJlSyIXjLL6+S5kXVc6ve42WldpPHUYQTOIVz8OAKanAPdfCBwRie4RXenMR5cd6dj0VrwclnjuEPnM8f/cOPVA==</latexit><latexit sha1_base64="pJMfIx9ODqRtJe87CJMNGJ/cHGM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECk1baEPZbKft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7Y+GHi8N8PMvDARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKnjVDH0WSxi1Q6pRsEl+oYbge1EIY1Cga1wfDvzW0+oNI9lw0wSDCI6lHzAGTVWaj30sju/Me2VK27VnYOsEi8nFchR75W/uv2YpRFKwwTVuuO5iQkyqgxnAqelbqoxoWxMh9ixVNIIdZDNz52SM6v0ySBWtqQhc/X3REYjrSdRaDsjakZ62ZuJ/3md1Ayug4zLJDUo2WLRIBXExGT2O+lzhcyIiSWUKW5vJWxEFWXGJlSyIXjLL6+S5kXVc6ve42WldpPHUYQTOIVz8OAKanAPdfCBwRie4RXenMR5cd6dj0VrwclnjuEPnM8f/cOPVA==</latexit>

⇠ TeV
<latexit sha1_base64="ZRiKNNDaLSWVGVThuphck2skwUo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jFCXpAsYXbSmwyZmV1nZoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1RKrixvv/tra1vbG5tF3aKu3v7B4elo+OmSTLNsMESkeh2RA0KrrBhuRXYTjVSGQlsRaO7md96Qm14oup2nGIo6UDxmDNqndTuGi5JHZu9Utmv+HOQVRLkpAw5ar3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7jioq0YST+b1Tcu6UPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhvfhBOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6joQgiWX14lzctK4FeCh6ty9TaPowCncAYXEMA1VOEeatAABgKe4RXevEfvxXv3Phata14+cwJ/4H3+AIa+j54=</latexit><latexit sha1_base64="ZRiKNNDaLSWVGVThuphck2skwUo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jFCXpAsYXbSmwyZmV1nZoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1RKrixvv/tra1vbG5tF3aKu3v7B4elo+OmSTLNsMESkeh2RA0KrrBhuRXYTjVSGQlsRaO7md96Qm14oup2nGIo6UDxmDNqndTuGi5JHZu9Utmv+HOQVRLkpAw5ar3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7jioq0YST+b1Tcu6UPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhvfhBOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6joQgiWX14lzctK4FeCh6ty9TaPowCncAYXEMA1VOEeatAABgKe4RXevEfvxXv3Phata14+cwJ/4H3+AIa+j54=</latexit><latexit sha1_base64="ZRiKNNDaLSWVGVThuphck2skwUo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jFCXpAsYXbSmwyZmV1nZoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1RKrixvv/tra1vbG5tF3aKu3v7B4elo+OmSTLNsMESkeh2RA0KrrBhuRXYTjVSGQlsRaO7md96Qm14oup2nGIo6UDxmDNqndTuGi5JHZu9Utmv+HOQVRLkpAw5ar3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7jioq0YST+b1Tcu6UPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhvfhBOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6joQgiWX14lzctK4FeCh6ty9TaPowCncAYXEMA1VOEeatAABgKe4RXevEfvxXv3Phata14+cwJ/4H3+AIa+j54=</latexit><latexit sha1_base64="ZRiKNNDaLSWVGVThuphck2skwUo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jFCXpAsYXbSmwyZmV1nZoUQ8hNePCji1d/x5t84SfagiQUNRVU33V1RKrixvv/tra1vbG5tF3aKu3v7B4elo+OmSTLNsMESkeh2RA0KrrBhuRXYTjVSGQlsRaO7md96Qm14oup2nGIo6UDxmDNqndTuGi5JHZu9Utmv+HOQVRLkpAw5ar3SV7efsEyiskxQYzqBn9pwQrXlTOC02M0MppSN6AA7jioq0YST+b1Tcu6UPokT7UpZMld/T0yoNGYsI9cpqR2aZW8m/ud1MhvfhBOu0syiYotFcSaITcjsedLnGpkVY0co09zdStiQasqsi6joQgiWX14lzctK4FeCh6ty9TaPowCncAYXEMA1VOEeatAABgKe4RXevEfvxXv3Phata14+cwJ/4H3+AIa+j54=</latexit>

⌘<latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit><latexit sha1_base64="dPavJRm3dmgrNgQtiQ+CpDGFxio=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtKJvtpF272Y27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU1DJVFBtUcqnaIdHImcCGYYZjO1FI4pBjKxzdzvzWGJVmUjyYSYJBTAaCRYwSY6VmF59SNu6VK17Vm8NdJX5OKpCj3it/dfuSpjEKQznRuuN7iQkyogyjHKelbqoxIXREBtixVJAYdZDNr526Z1bpu5FUtoRx5+rviYzEWk/i0HbGxAz1sjcT//M6qYmug4yJJDUo6GJRlHLXSHf2uttnCqnhE0sIVcze6tIhUYQaG1DJhuAvv7xKmhdV36v695eV2k0eRxFO4BTOwYcrqMEd1KEBFB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AMI7jzw=</latexit>

?
⇓

SU(3)c × SU(2)L × U(1)Y × U(1)B−L
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Finding the Z’

The most promising channel to search for Z’s
at the LHC is Drell-Yan production,
pp→ γ, Z, Z ′ → e+e−, µ+µ−
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Whose Z’ is that?
If a Z ′ is discovered, one needs to differentiate to which model it
belongs
Forward-Backward Asymmetry measures the difference in the number
of forward (θ < 90◦) and backward (θ > 90◦) events
The BLR Z ′ couples based on U(1)B−L (L/R fermions have same
charge) and U(1)R (L/R fermions have different charges)

AFB ≡
dσ̂F − dσ̂B
dσ̂F + dσ̂B

, dσ̂F,B =

∫ 1,0

0,−1

dσ̂

d cos θ
d cos θ
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AFB Results
At HL-LHC, including statistical errors, δAFB =

√
1−A2

FB/N ,

one may be able to disentangle B − L and BLR models
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Conclusions

The BLR is a well motivated model, with motivations from GUT
theories

Identifying which model a Z’ belongs to may become an important
task in the near future, as candidates undetectable now offer clear
signals in the next runs of the LHC

Low scale phenomenology of Z’ is an interesting way to probe
different high-scale models

arXiv: 1712.01279
Phys. Rev. D 97 (2018) no.11, 115027

Simon J.D. King SO(10) at the LHC September 3, 2018 6 / 6


	U(1)R U(1)B-L Review
	Z' Couplings to Fermions / Scalars

	Results
	Drell-Yan & AFB

	Conclusions

