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What do we know about the Higgs?

The discovery of a Higgs boson allows a direct probe
of the EWSB sector of the SM.

Its mass has been precisely measured, and is close to
the EW scale itself, which has materialised the issue
of naturalness.

The couplings follow the SM expectations:
being proportional to mass.

The uncertainties are still large!

Note that coupling measurements are always subject
to model assumptions.



On the theoretical side, recall that mass terms for
scalar fields are not protected by any quantum
symmetry, therefore any new physics sector that
couples to it will feed into the value of the mass.

Recall that
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“wrong sign”

It well describes the symmetry breaking,

but no dynamical insight!



Do we still need BSM?

We have a pretty good idea of the mechanism

But we don’t know how to protect it:

�m2
h ⇠ g2
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NPhys

Having measured a light Higgs brings the
naturalness problems to the real world!



A natural Higgs = A special type
of scalar

Supersymmetry: All scalars are special, associated

to a fermion by a space-time symmetry

Scalar $ Fermion

Compositeness: Special scalars are bound states

of more fundamental fermions

� ⇠ h  i

Scalars as gauge bosons: In extra dimensions,

the extra polarisations of gauge bosons are special

4D scalars!

� ⇠ A5 , A6 , . . . AD
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Extra dimensions in nut-shell

Think of an additional space dimension wrapped

on itself.

XD fields ! tower of KK states

Frequencies ! KK masses

Geometry ! KK parities

For us 4D beings the 5D fields appear as

massive 4D fields.



Extra dimension gauge fields

AM = (Aµ , A5)
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For the zero mode

<latexit sha1_base64="S4C8RMeTn/conGmt/HfCfjjVXqI=">AAACCHicjVC7SgNBFJ2Nr7i+YixtBoNgFTZpjIUQFMQygjFCEsLs7N1kyMzOMnNXE0O+wH+w1dZKbP0LOz/FzaNQUfBUh3PO5R6OH0th0fPenczC4tLySnbVXVvf2NzKbeevrE4MhzrXUptrn1mQIoI6CpRwHRtgypfQ8PunE79xA8YKHV3iMIa2Yt1IhIIzTKVOLn+mDcUe0DswmiodgNvJFUpFbwr6NymQOWqd3Ecr0DxRECGXzNpmyYuxPWIGBZcwdluJhZjxPutCM6URU2Dbo2n3Md1PlYCGaYtQR0in6teLEVPWDpWfJhXDnv3pTcTfvGaCYaU9ElGcIER89ihMJEVNJ0PQQBjgKIcpYdyItCvlPWYYx3Qut4UwwFsRYO+4wtX/JqmXi0fF0kW5UD2Zb5Mlu2SPHJASOSRVck5qpE44GZAH8kienHvn2XlxXmfRjDO/2SHf4Lx9AkApmUU=</latexit><latexit sha1_base64="S4C8RMeTn/conGmt/HfCfjjVXqI=">AAACCHicjVC7SgNBFJ2Nr7i+YixtBoNgFTZpjIUQFMQygjFCEsLs7N1kyMzOMnNXE0O+wH+w1dZKbP0LOz/FzaNQUfBUh3PO5R6OH0th0fPenczC4tLySnbVXVvf2NzKbeevrE4MhzrXUptrn1mQIoI6CpRwHRtgypfQ8PunE79xA8YKHV3iMIa2Yt1IhIIzTKVOLn+mDcUe0DswmiodgNvJFUpFbwr6NymQOWqd3Ecr0DxRECGXzNpmyYuxPWIGBZcwdluJhZjxPutCM6URU2Dbo2n3Md1PlYCGaYtQR0in6teLEVPWDpWfJhXDnv3pTcTfvGaCYaU9ElGcIER89ihMJEVNJ0PQQBjgKIcpYdyItCvlPWYYx3Qut4UwwFsRYO+4wtX/JqmXi0fF0kW5UD2Zb5Mlu2SPHJASOSRVck5qpE44GZAH8kienHvn2XlxXmfRjDO/2SHf4Lx9AkApmUU=</latexit><latexit sha1_base64="S4C8RMeTn/conGmt/HfCfjjVXqI=">AAACCHicjVC7SgNBFJ2Nr7i+YixtBoNgFTZpjIUQFMQygjFCEsLs7N1kyMzOMnNXE0O+wH+w1dZKbP0LOz/FzaNQUfBUh3PO5R6OH0th0fPenczC4tLySnbVXVvf2NzKbeevrE4MhzrXUptrn1mQIoI6CpRwHRtgypfQ8PunE79xA8YKHV3iMIa2Yt1IhIIzTKVOLn+mDcUe0DswmiodgNvJFUpFbwr6NymQOWqd3Ecr0DxRECGXzNpmyYuxPWIGBZcwdluJhZjxPutCM6URU2Dbo2n3Md1PlYCGaYtQR0in6teLEVPWDpWfJhXDnv3pTcTfvGaCYaU9ElGcIER89ihMJEVNJ0PQQBjgKIcpYdyItCvlPWYYx3Qut4UwwFsRYO+4wtX/JqmXi0fF0kW5UD2Zb5Mlu2SPHJASOSRVck5qpE44GZAH8kienHvn2XlxXmfRjDO/2SHf4Lx9AkApmUU=</latexit><latexit sha1_base64="S4C8RMeTn/conGmt/HfCfjjVXqI=">AAACCHicjVC7SgNBFJ2Nr7i+YixtBoNgFTZpjIUQFMQygjFCEsLs7N1kyMzOMnNXE0O+wH+w1dZKbP0LOz/FzaNQUfBUh3PO5R6OH0th0fPenczC4tLySnbVXVvf2NzKbeevrE4MhzrXUptrn1mQIoI6CpRwHRtgypfQ8PunE79xA8YKHV3iMIa2Yt1IhIIzTKVOLn+mDcUe0DswmiodgNvJFUpFbwr6NymQOWqd3Ecr0DxRECGXzNpmyYuxPWIGBZcwdluJhZjxPutCM6URU2Dbo2n3Md1PlYCGaYtQR0in6teLEVPWDpWfJhXDnv3pTcTfvGaCYaU9ElGcIER89ihMJEVNJ0PQQBjgKIcpYdyItCvlPWYYx3Qut4UwwFsRYO+4wtX/JqmXi0fF0kW5UD2Zb5Mlu2SPHJASOSRVck5qpE44GZAH8kienHvn2XlxXmfRjDO/2SHf4Lx9AkApmUU=</latexit>

A generic loop factor will

grow with the energy

<latexit sha1_base64="eVb0dIzcrm5Zo2Xb/393qwmfs2U="></latexit><latexit sha1_base64="eVb0dIzcrm5Zo2Xb/393qwmfs2U="></latexit><latexit sha1_base64="eVb0dIzcrm5Zo2Xb/393qwmfs2U="></latexit><latexit sha1_base64="eVb0dIzcrm5Zo2Xb/393qwmfs2U="></latexit>



An XD Higgs mechanism

A+
M =

�
A+

µ , A�
5

�

A�
M =

�
A�

µ , A+
5

�
<latexit sha1_base64="An6JK50X4o9/YHbsDlv0F14X8pM="></latexit><latexit sha1_base64="An6JK50X4o9/YHbsDlv0F14X8pM="></latexit><latexit sha1_base64="An6JK50X4o9/YHbsDlv0F14X8pM="></latexit><latexit sha1_base64="An6JK50X4o9/YHbsDlv0F14X8pM="></latexit>

Massless vector + massive vectors

Massless scalar + massive vectors

<latexit sha1_base64="5EZ7GfnlxT+8cXj5Nk6fLJOHQ0c="></latexit><latexit sha1_base64="5EZ7GfnlxT+8cXj5Nk6fLJOHQ0c="></latexit><latexit sha1_base64="5EZ7GfnlxT+8cXj5Nk6fLJOHQ0c="></latexit><latexit sha1_base64="5EZ7GfnlxT+8cXj5Nk6fLJOHQ0c="></latexit>

FMNFMN
= Fµ⌫F

µ⌫ � 2F5µF
5µ

= Fµ⌫F
µ⌫ � 2 (@5Aµ)

2 � 2 (@µA5)
2

+4 (@5Aµ) (@
µA5)

A mixing between massive vectors and scalars is present

In the orbifold projection vector and scalar have

opposite parities.

<latexit sha1_base64="Suxla2i3FxZHLUgk7lZzjtgk/zk="></latexit><latexit sha1_base64="Suxla2i3FxZHLUgk7lZzjtgk/zk="></latexit><latexit sha1_base64="Suxla2i3FxZHLUgk7lZzjtgk/zk="></latexit><latexit sha1_base64="Suxla2i3FxZHLUgk7lZzjtgk/zk="></latexit>



XD gauge theories have a built-in Higgs mechanism
via special scalars

Gauge symmetries can be broken by orbifold
projection (parity assignments)

<latexit sha1_base64="jdscGSL0GU8eFFZeRh2SnY9gVeQ="></latexit><latexit sha1_base64="jdscGSL0GU8eFFZeRh2SnY9gVeQ="></latexit><latexit sha1_base64="jdscGSL0GU8eFFZeRh2SnY9gVeQ="></latexit><latexit sha1_base64="jdscGSL0GU8eFFZeRh2SnY9gVeQ="></latexit>



An SU(3) toy model

AM (�y) = P ·AM (y) · P
<latexit sha1_base64="PeKq+h/hlj44nKGPyXASnng0+dI=">AAACHXicjZDLSgMxFIYz9VbH26hLN8FWrAtL2411Uai6cSOMYG2hLUMmk7GhmQvJGXUofQTfwXdwq1tX4lbc+Siml4WKgj8ETr7/HE7yu7HgCkqldyMzMzs3v5BdNJeWV1bXrPWNSxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd/snIb14zqXgUXkAas25ArkLuc0pAI8fazeePnDNc2E/3cA3buEO9CPAYaTK52fm86Vi5crE0Fv67yKGpbMf66HgRTQIWAhVEqXa5FEN3QCRwKtjQ7CSKxYT2yRVr6zIkAVPdwfhDQ7yjiYf9SOoTAh7TrxMDEiiVBq7uDAj01E9vBH/z2gn41e6Ah3ECLKSTRX4iMER4lA72uGQURKoLQiXXb8W0RyShoDM0O8Bu4YZ70KtVafC/SBqV4mGxfF7J1Y+n2WTRFtpGBVRGB6iOTpGNGoiiO/SAHtGTcW88Gy/G66Q1Y0xnNtE3GW+f8cGd/g==</latexit><latexit sha1_base64="PeKq+h/hlj44nKGPyXASnng0+dI=">AAACHXicjZDLSgMxFIYz9VbH26hLN8FWrAtL2411Uai6cSOMYG2hLUMmk7GhmQvJGXUofQTfwXdwq1tX4lbc+Siml4WKgj8ETr7/HE7yu7HgCkqldyMzMzs3v5BdNJeWV1bXrPWNSxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd/snIb14zqXgUXkAas25ArkLuc0pAI8fazeePnDNc2E/3cA3buEO9CPAYaTK52fm86Vi5crE0Fv67yKGpbMf66HgRTQIWAhVEqXa5FEN3QCRwKtjQ7CSKxYT2yRVr6zIkAVPdwfhDQ7yjiYf9SOoTAh7TrxMDEiiVBq7uDAj01E9vBH/z2gn41e6Ah3ECLKSTRX4iMER4lA72uGQURKoLQiXXb8W0RyShoDM0O8Bu4YZ70KtVafC/SBqV4mGxfF7J1Y+n2WTRFtpGBVRGB6iOTpGNGoiiO/SAHtGTcW88Gy/G66Q1Y0xnNtE3GW+f8cGd/g==</latexit><latexit sha1_base64="PeKq+h/hlj44nKGPyXASnng0+dI=">AAACHXicjZDLSgMxFIYz9VbH26hLN8FWrAtL2411Uai6cSOMYG2hLUMmk7GhmQvJGXUofQTfwXdwq1tX4lbc+Siml4WKgj8ETr7/HE7yu7HgCkqldyMzMzs3v5BdNJeWV1bXrPWNSxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd/snIb14zqXgUXkAas25ArkLuc0pAI8fazeePnDNc2E/3cA3buEO9CPAYaTK52fm86Vi5crE0Fv67yKGpbMf66HgRTQIWAhVEqXa5FEN3QCRwKtjQ7CSKxYT2yRVr6zIkAVPdwfhDQ7yjiYf9SOoTAh7TrxMDEiiVBq7uDAj01E9vBH/z2gn41e6Ah3ECLKSTRX4iMER4lA72uGQURKoLQiXXb8W0RyShoDM0O8Bu4YZ70KtVafC/SBqV4mGxfF7J1Y+n2WTRFtpGBVRGB6iOTpGNGoiiO/SAHtGTcW88Gy/G66Q1Y0xnNtE3GW+f8cGd/g==</latexit><latexit sha1_base64="PeKq+h/hlj44nKGPyXASnng0+dI=">AAACHXicjZDLSgMxFIYz9VbH26hLN8FWrAtL2411Uai6cSOMYG2hLUMmk7GhmQvJGXUofQTfwXdwq1tX4lbc+Siml4WKgj8ETr7/HE7yu7HgCkqldyMzMzs3v5BdNJeWV1bXrPWNSxUlkrIGjUQkWy5RTPCQNYCDYK1YMhK4gjXd/snIb14zqXgUXkAas25ArkLuc0pAI8fazeePnDNc2E/3cA3buEO9CPAYaTK52fm86Vi5crE0Fv67yKGpbMf66HgRTQIWAhVEqXa5FEN3QCRwKtjQ7CSKxYT2yRVr6zIkAVPdwfhDQ7yjiYf9SOoTAh7TrxMDEiiVBq7uDAj01E9vBH/z2gn41e6Ah3ECLKSTRX4iMER4lA72uGQURKoLQiXXb8W0RyShoDM0O8Bu4YZ70KtVafC/SBqV4mGxfF7J1Y+n2WTRFtpGBVRGB6iOTpGNGoiiO/SAHtGTcW88Gy/G66Q1Y0xnNtE3GW+f8cGd/g==</latexit>

P =

0

@
�1

�1
1

1

A

<latexit sha1_base64="DOFwo2wmI/ujL2enFJKe5uMYBf8="></latexit><latexit sha1_base64="DOFwo2wmI/ujL2enFJKe5uMYBf8="></latexit><latexit sha1_base64="DOFwo2wmI/ujL2enFJKe5uMYBf8="></latexit><latexit sha1_base64="DOFwo2wmI/ujL2enFJKe5uMYBf8="></latexit>

SU(2)
<latexit sha1_base64="NY5sOSvl/PR8rtFxe+xP19Ib/xo=">AAAB/HicjVA9SwNBEN2LXzF+RS1tFhMhNuEujbEQgjaWET0TSI6wt7eXLNm9O3bn1HAE/4OttlZi63+x86e4+ShUFHww8Hhvhpl5fiK4Btt+t3ILi0vLK/nVwtr6xuZWcXvnWseposylsYhV2yeaCR4xFzgI1k4UI9IXrOUPzyZ+64YpzePoCkYJ8yTpRzzklICR2uVLt1I7LBd6xZJTtafAf5MSmqPZK350g5imkkVABdG649gJeBlRwKlg40I31SwhdEj6rGNoRCTTXja9d4wPjBLgMFamIsBT9etERqTWI+mbTklgoH96E/E3r5NCWPcyHiUpsIjOFoWpwBDjyfM44IpRECNDCFXc3IrpgChCwURU6AK7g1sewOCkTuX/InFr1eOqc1ErNU7n2eTRHtpHFeSgI9RA56iJXESRQA/oET1Z99az9WK9zlpz1nxmF32D9fYJvDCT9g==</latexit><latexit sha1_base64="NY5sOSvl/PR8rtFxe+xP19Ib/xo=">AAAB/HicjVA9SwNBEN2LXzF+RS1tFhMhNuEujbEQgjaWET0TSI6wt7eXLNm9O3bn1HAE/4OttlZi63+x86e4+ShUFHww8Hhvhpl5fiK4Btt+t3ILi0vLK/nVwtr6xuZWcXvnWseposylsYhV2yeaCR4xFzgI1k4UI9IXrOUPzyZ+64YpzePoCkYJ8yTpRzzklICR2uVLt1I7LBd6xZJTtafAf5MSmqPZK350g5imkkVABdG649gJeBlRwKlg40I31SwhdEj6rGNoRCTTXja9d4wPjBLgMFamIsBT9etERqTWI+mbTklgoH96E/E3r5NCWPcyHiUpsIjOFoWpwBDjyfM44IpRECNDCFXc3IrpgChCwURU6AK7g1sewOCkTuX/InFr1eOqc1ErNU7n2eTRHtpHFeSgI9RA56iJXESRQA/oET1Z99az9WK9zlpz1nxmF32D9fYJvDCT9g==</latexit><latexit sha1_base64="NY5sOSvl/PR8rtFxe+xP19Ib/xo=">AAAB/HicjVA9SwNBEN2LXzF+RS1tFhMhNuEujbEQgjaWET0TSI6wt7eXLNm9O3bn1HAE/4OttlZi63+x86e4+ShUFHww8Hhvhpl5fiK4Btt+t3ILi0vLK/nVwtr6xuZWcXvnWseposylsYhV2yeaCR4xFzgI1k4UI9IXrOUPzyZ+64YpzePoCkYJ8yTpRzzklICR2uVLt1I7LBd6xZJTtafAf5MSmqPZK350g5imkkVABdG649gJeBlRwKlg40I31SwhdEj6rGNoRCTTXja9d4wPjBLgMFamIsBT9etERqTWI+mbTklgoH96E/E3r5NCWPcyHiUpsIjOFoWpwBDjyfM44IpRECNDCFXc3IrpgChCwURU6AK7g1sewOCkTuX/InFr1eOqc1ErNU7n2eTRHtpHFeSgI9RA56iJXESRQA/oET1Z99az9WK9zlpz1nxmF32D9fYJvDCT9g==</latexit><latexit sha1_base64="NY5sOSvl/PR8rtFxe+xP19Ib/xo=">AAAB/HicjVA9SwNBEN2LXzF+RS1tFhMhNuEujbEQgjaWET0TSI6wt7eXLNm9O3bn1HAE/4OttlZi63+x86e4+ShUFHww8Hhvhpl5fiK4Btt+t3ILi0vLK/nVwtr6xuZWcXvnWseposylsYhV2yeaCR4xFzgI1k4UI9IXrOUPzyZ+64YpzePoCkYJ8yTpRzzklICR2uVLt1I7LBd6xZJTtafAf5MSmqPZK350g5imkkVABdG649gJeBlRwKlg40I31SwhdEj6rGNoRCTTXja9d4wPjBLgMFamIsBT9etERqTWI+mbTklgoH96E/E3r5NCWPcyHiUpsIjOFoWpwBDjyfM44IpRECNDCFXc3IrpgChCwURU6AK7g1sewOCkTuX/InFr1eOqc1ErNU7n2eTRHtpHFeSgI9RA56iJXESRQA/oET1Z99az9WK9zlpz1nxmF32D9fYJvDCT9g==</latexit>

U(1)
<latexit sha1_base64="la9x30MEsb7LbfMhZOOuU2YO8EE=">AAAB+3icjVBNS8NAEN34WeNX1aOXYCvUS0l6sR6EohePFYwttKFsNpt26e4m7E7UEup/8KpXT+LVH+PNn+L246Ci4IOBx3szzMwLU840uO67tbC4tLyyWliz1zc2t7aLO7vXOskUoT5JeKLaIdaUM0l9YMBpO1UUi5DTVjg8n/itG6o0S+QVjFIaCNyXLGYEg5FaZb/iHZXtXrHkVd0pnL9JCc3R7BU/ulFCMkElEI617nhuCkGOFTDC6djuZpqmmAxxn3YMlVhQHeTTc8fOoVEiJ06UKQnOVP06kWOh9UiEplNgGOif3kT8zetkENeDnMk0AyrJbFGccQcSZ/K7EzFFCfCRIZgoZm51yAArTMAkZHeB3sEti2BwWifif5H4tepJ1buslRpn82wKaB8doAry0DFqoAvURD4iaIge0CN6su6tZ+vFep21LljzmT30DdbbJxGGk5g=</latexit><latexit sha1_base64="la9x30MEsb7LbfMhZOOuU2YO8EE=">AAAB+3icjVBNS8NAEN34WeNX1aOXYCvUS0l6sR6EohePFYwttKFsNpt26e4m7E7UEup/8KpXT+LVH+PNn+L246Ci4IOBx3szzMwLU840uO67tbC4tLyyWliz1zc2t7aLO7vXOskUoT5JeKLaIdaUM0l9YMBpO1UUi5DTVjg8n/itG6o0S+QVjFIaCNyXLGYEg5FaZb/iHZXtXrHkVd0pnL9JCc3R7BU/ulFCMkElEI617nhuCkGOFTDC6djuZpqmmAxxn3YMlVhQHeTTc8fOoVEiJ06UKQnOVP06kWOh9UiEplNgGOif3kT8zetkENeDnMk0AyrJbFGccQcSZ/K7EzFFCfCRIZgoZm51yAArTMAkZHeB3sEti2BwWifif5H4tepJ1buslRpn82wKaB8doAry0DFqoAvURD4iaIge0CN6su6tZ+vFep21LljzmT30DdbbJxGGk5g=</latexit><latexit sha1_base64="la9x30MEsb7LbfMhZOOuU2YO8EE=">AAAB+3icjVBNS8NAEN34WeNX1aOXYCvUS0l6sR6EohePFYwttKFsNpt26e4m7E7UEup/8KpXT+LVH+PNn+L246Ci4IOBx3szzMwLU840uO67tbC4tLyyWliz1zc2t7aLO7vXOskUoT5JeKLaIdaUM0l9YMBpO1UUi5DTVjg8n/itG6o0S+QVjFIaCNyXLGYEg5FaZb/iHZXtXrHkVd0pnL9JCc3R7BU/ulFCMkElEI617nhuCkGOFTDC6djuZpqmmAxxn3YMlVhQHeTTc8fOoVEiJ06UKQnOVP06kWOh9UiEplNgGOif3kT8zetkENeDnMk0AyrJbFGccQcSZ/K7EzFFCfCRIZgoZm51yAArTMAkZHeB3sEti2BwWifif5H4tepJ1buslRpn82wKaB8doAry0DFqoAvURD4iaIge0CN6su6tZ+vFep21LljzmT30DdbbJxGGk5g=</latexit><latexit sha1_base64="la9x30MEsb7LbfMhZOOuU2YO8EE=">AAAB+3icjVBNS8NAEN34WeNX1aOXYCvUS0l6sR6EohePFYwttKFsNpt26e4m7E7UEup/8KpXT+LVH+PNn+L246Ci4IOBx3szzMwLU840uO67tbC4tLyyWliz1zc2t7aLO7vXOskUoT5JeKLaIdaUM0l9YMBpO1UUi5DTVjg8n/itG6o0S+QVjFIaCNyXLGYEg5FaZb/iHZXtXrHkVd0pnL9JCc3R7BU/ulFCMkElEI617nhuCkGOFTDC6djuZpqmmAxxn3YMlVhQHeTTc8fOoVEiJ06UKQnOVP06kWOh9UiEplNgGOif3kT8zetkENeDnMk0AyrJbFGccQcSZ/K7EzFFCfCRIZgoZm51yAArTMAkZHeB3sEti2BwWifif5H4tepJ1buslRpn82wKaB8doAry0DFqoAvURD4iaIge0CN6su6tZ+vFep21LljzmT30DdbbJxGGk5g=</latexit>

A+
M :

<latexit sha1_base64="KWWjEk5w4wA0By+AE9rlnFBoZyo=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCsIQkl6sQpC1YsXoYKxlTaWzWbTLt1Nwu5ELaHgf/CqV0/i1d/izZ/i9uOgouCDgcd7M8zM8xPOFNj2uzE1PTM7N59bMBeXlldW82vrlypOJaEuiXksGz5WlLOIusCA00YiKRY+p3W/dzL06zdUKhZHF9BPqCdwJ2IhIxi0dFU8ap9d7xYPzHa+4JTsEay/SQFNUGvnP1pBTFJBIyAcK9V07AS8DEtghNOB2UoVTTDp4Q5tahphQZWXjQ4eWNtaCawwlroisEbq14kMC6X6wtedAkNX/fSG4m9eM4Ww4mUsSlKgERkvClNuQWwNv7cCJikB3tcEE8n0rRbpYokJ6IzMFtA7uGUBdA8rRPwvErdc2i855+VC9XiSTQ5toi20gxy0h6roFNWQiwgS6AE9oifj3ng2XozXceuUMZnZQN9gvH0CtG2UhQ==</latexit><latexit sha1_base64="KWWjEk5w4wA0By+AE9rlnFBoZyo=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCsIQkl6sQpC1YsXoYKxlTaWzWbTLt1Nwu5ELaHgf/CqV0/i1d/izZ/i9uOgouCDgcd7M8zM8xPOFNj2uzE1PTM7N59bMBeXlldW82vrlypOJaEuiXksGz5WlLOIusCA00YiKRY+p3W/dzL06zdUKhZHF9BPqCdwJ2IhIxi0dFU8ap9d7xYPzHa+4JTsEay/SQFNUGvnP1pBTFJBIyAcK9V07AS8DEtghNOB2UoVTTDp4Q5tahphQZWXjQ4eWNtaCawwlroisEbq14kMC6X6wtedAkNX/fSG4m9eM4Ww4mUsSlKgERkvClNuQWwNv7cCJikB3tcEE8n0rRbpYokJ6IzMFtA7uGUBdA8rRPwvErdc2i855+VC9XiSTQ5toi20gxy0h6roFNWQiwgS6AE9oifj3ng2XozXceuUMZnZQN9gvH0CtG2UhQ==</latexit><latexit sha1_base64="KWWjEk5w4wA0By+AE9rlnFBoZyo=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCsIQkl6sQpC1YsXoYKxlTaWzWbTLt1Nwu5ELaHgf/CqV0/i1d/izZ/i9uOgouCDgcd7M8zM8xPOFNj2uzE1PTM7N59bMBeXlldW82vrlypOJaEuiXksGz5WlLOIusCA00YiKRY+p3W/dzL06zdUKhZHF9BPqCdwJ2IhIxi0dFU8ap9d7xYPzHa+4JTsEay/SQFNUGvnP1pBTFJBIyAcK9V07AS8DEtghNOB2UoVTTDp4Q5tahphQZWXjQ4eWNtaCawwlroisEbq14kMC6X6wtedAkNX/fSG4m9eM4Ww4mUsSlKgERkvClNuQWwNv7cCJikB3tcEE8n0rRbpYokJ6IzMFtA7uGUBdA8rRPwvErdc2i855+VC9XiSTQ5toi20gxy0h6roFNWQiwgS6AE9oifj3ng2XozXceuUMZnZQN9gvH0CtG2UhQ==</latexit><latexit sha1_base64="KWWjEk5w4wA0By+AE9rlnFBoZyo=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCsIQkl6sQpC1YsXoYKxlTaWzWbTLt1Nwu5ELaHgf/CqV0/i1d/izZ/i9uOgouCDgcd7M8zM8xPOFNj2uzE1PTM7N59bMBeXlldW82vrlypOJaEuiXksGz5WlLOIusCA00YiKRY+p3W/dzL06zdUKhZHF9BPqCdwJ2IhIxi0dFU8ap9d7xYPzHa+4JTsEay/SQFNUGvnP1pBTFJBIyAcK9V07AS8DEtghNOB2UoVTTDp4Q5tahphQZWXjQ4eWNtaCawwlroisEbq14kMC6X6wtedAkNX/fSG4m9eM4Ww4mUsSlKgERkvClNuQWwNv7cCJikB3tcEE8n0rRbpYokJ6IzMFtA7uGUBdA8rRPwvErdc2i855+VC9XiSTQ5toi20gxy0h6roFNWQiwgS6AE9oifj3ng2XozXceuUMZnZQN9gvH0CtG2UhQ==</latexit>
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<latexit sha1_base64="dFk1LSiEamMlam+ZdyUd4zZlL90="></latexit><latexit sha1_base64="dFk1LSiEamMlam+ZdyUd4zZlL90="></latexit><latexit sha1_base64="dFk1LSiEamMlam+ZdyUd4zZlL90="></latexit><latexit sha1_base64="dFk1LSiEamMlam+ZdyUd4zZlL90="></latexit>
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<latexit sha1_base64="aZ37ADXB57aS6mUZ7oCzmA+SMy4="></latexit><latexit sha1_base64="aZ37ADXB57aS6mUZ7oCzmA+SMy4="></latexit><latexit sha1_base64="aZ37ADXB57aS6mUZ7oCzmA+SMy4="></latexit><latexit sha1_base64="aZ37ADXB57aS6mUZ7oCzmA+SMy4="></latexit>

A�
M :

<latexit sha1_base64="RIiJM2ppspMe5L3vLp4mX7lgAyg=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCt4sSS9WAWh6sWLUMHYShvLZrNpl+4mYXeillDwP3jVqyfx6m/x5k9x+3FQUfDBwOO9GWbm+QlnCmz73Zianpmdm88tmItLyyur+bX1SxWnklCXxDyWDR8ryllEXWDAaSORFAuf07rfOxn69RsqFYujC+gn1BO4E7GQEQxauioetc+ud4sHZjtfcEr2CNbfpIAmqLXzH60gJqmgERCOlWo6dgJehiUwwunAbKWKJpj0cIc2NY2woMrLRgcPrG2tBFYYS10RWCP160SGhVJ94etOgaGrfnpD8TevmUJY8TIWJSnQiIwXhSm3ILaG31sBk5QA72uCiWT6Vot0scQEdEZmC+gd3LIAuocVIv4XiVsu7Zec83KhejzJJoc20RbaQQ7aQ1V0imrIRQQJ9IAe0ZNxbzwbL8bruHXKmMxsoG8w3j4Bt5WUhw==</latexit><latexit sha1_base64="RIiJM2ppspMe5L3vLp4mX7lgAyg=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCt4sSS9WAWh6sWLUMHYShvLZrNpl+4mYXeillDwP3jVqyfx6m/x5k9x+3FQUfDBwOO9GWbm+QlnCmz73Zianpmdm88tmItLyyur+bX1SxWnklCXxDyWDR8ryllEXWDAaSORFAuf07rfOxn69RsqFYujC+gn1BO4E7GQEQxauioetc+ud4sHZjtfcEr2CNbfpIAmqLXzH60gJqmgERCOlWo6dgJehiUwwunAbKWKJpj0cIc2NY2woMrLRgcPrG2tBFYYS10RWCP160SGhVJ94etOgaGrfnpD8TevmUJY8TIWJSnQiIwXhSm3ILaG31sBk5QA72uCiWT6Vot0scQEdEZmC+gd3LIAuocVIv4XiVsu7Zec83KhejzJJoc20RbaQQ7aQ1V0imrIRQQJ9IAe0ZNxbzwbL8bruHXKmMxsoG8w3j4Bt5WUhw==</latexit><latexit sha1_base64="RIiJM2ppspMe5L3vLp4mX7lgAyg=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCt4sSS9WAWh6sWLUMHYShvLZrNpl+4mYXeillDwP3jVqyfx6m/x5k9x+3FQUfDBwOO9GWbm+QlnCmz73Zianpmdm88tmItLyyur+bX1SxWnklCXxDyWDR8ryllEXWDAaSORFAuf07rfOxn69RsqFYujC+gn1BO4E7GQEQxauioetc+ud4sHZjtfcEr2CNbfpIAmqLXzH60gJqmgERCOlWo6dgJehiUwwunAbKWKJpj0cIc2NY2woMrLRgcPrG2tBFYYS10RWCP160SGhVJ94etOgaGrfnpD8TevmUJY8TIWJSnQiIwXhSm3ILaG31sBk5QA72uCiWT6Vot0scQEdEZmC+gd3LIAuocVIv4XiVsu7Zec83KhejzJJoc20RbaQQ7aQ1V0imrIRQQJ9IAe0ZNxbzwbL8bruHXKmMxsoG8w3j4Bt5WUhw==</latexit><latexit sha1_base64="RIiJM2ppspMe5L3vLp4mX7lgAyg=">AAAB/XicjVBNS8NAEN34WeNX1aOXYCt4sSS9WAWh6sWLUMHYShvLZrNpl+4mYXeillDwP3jVqyfx6m/x5k9x+3FQUfDBwOO9GWbm+QlnCmz73Zianpmdm88tmItLyyur+bX1SxWnklCXxDyWDR8ryllEXWDAaSORFAuf07rfOxn69RsqFYujC+gn1BO4E7GQEQxauioetc+ud4sHZjtfcEr2CNbfpIAmqLXzH60gJqmgERCOlWo6dgJehiUwwunAbKWKJpj0cIc2NY2woMrLRgcPrG2tBFYYS10RWCP160SGhVJ94etOgaGrfnpD8TevmUJY8TIWJSnQiIwXhSm3ILaG31sBk5QA72uCiWT6Vot0scQEdEZmC+gd3LIAuocVIv4XiVsu7Zec83KhejzJJoc20RbaQQ7aQ1V0imrIRQQJ9IAe0ZNxbzwbL8bruHXKmMxsoG8w3j4Bt5WUhw==</latexit>
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<latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit>
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<latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit>

Can we identify
this with the
Higgs doublet?

<latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit>

U(1) charge:

1

2

p
3

(1� (�2)) =

p
3

2

g0 =
p
3g ) sin

2 ✓W =

3

4

Does not match the SM value

<latexit sha1_base64="5I1Jz/3lU34WUJ+xrFhPLRnXetU="></latexit><latexit sha1_base64="5I1Jz/3lU34WUJ+xrFhPLRnXetU="></latexit><latexit sha1_base64="5I1Jz/3lU34WUJ+xrFhPLRnXetU="></latexit><latexit sha1_base64="5I1Jz/3lU34WUJ+xrFhPLRnXetU="></latexit>
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<latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit><latexit sha1_base64="VCoiZXxi8lD9rSTWh5ukNk1wdGc="></latexit>

Can we identify
this with the
Higgs doublet?

<latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit><latexit sha1_base64="vdUA5eQHj0QcB/AoVjt74tCVKpI="></latexit>

Easy solution: add a bulk U(1)X gauge symmetry

and tune the gX coupling

.

U(1) charge:

1

2

g0 =

p
3

2

g +
1

2

gX
<latexit sha1_base64="BSKDprURGlN+3heysTdfiR7bJqA="></latexit><latexit sha1_base64="BSKDprURGlN+3heysTdfiR7bJqA="></latexit><latexit sha1_base64="BSKDprURGlN+3heysTdfiR7bJqA="></latexit><latexit sha1_base64="BSKDprURGlN+3heysTdfiR7bJqA="></latexit>

Antoniadis, Benakli, Quiros: hep-th/0108005

<latexit sha1_base64="bM6MfKtg570KuxctjvhPW1P2fvE="></latexit><latexit sha1_base64="bM6MfKtg570KuxctjvhPW1P2fvE="></latexit><latexit sha1_base64="bM6MfKtg570KuxctjvhPW1P2fvE="></latexit><latexit sha1_base64="bM6MfKtg570KuxctjvhPW1P2fvE="></latexit>



The Hosotani mechanism

Hosotani, 1983
<latexit sha1_base64="Rd3BaxZamd/2k0gDOUfuqWHJOWY=">AAACAnicbZBLSwMxFIUzPmt9VV26CRbBhZSZunC6EApuuqzg2EI7lkwm04ZmkiG5o5bSpf/BrW5diVv/iDt/itMHorUHAofv3EsuJ0gEN2Dbn9bS8srq2npuI7+5tb2zW9jbvzEq1ZR5VAmlmwExTHDJPOAgWDPRjMSBYI2gfznOG3dMG67kNQwS5sekK3nEKYEM3daUUUAkP8VOxT3rFIpOyZ4I/xh7nhTRTPVO4asdKprGTAIVxJiWYyfgD4kGTgUb5dupYQmhfdJlrcxKEjPjDydXj/BxRkIcKZ09CXhCf28MSWzMIA6yyZhAz8xnY7goa6UQuf6QyyQFJun0oygVGBQeV4BDrhkFMcgMoZpnt2LaI5pQyIrKt4E9wD0PoXfh0nhhJf+MVy5VSs5VuVh1Z93k0CE6QifIQeeoimqojjxEkUZP6Bm9WI/Wq/VmvU9Hl6zZzgH6I+vjG0ArlxA=</latexit><latexit sha1_base64="Rd3BaxZamd/2k0gDOUfuqWHJOWY=">AAACAnicbZBLSwMxFIUzPmt9VV26CRbBhZSZunC6EApuuqzg2EI7lkwm04ZmkiG5o5bSpf/BrW5diVv/iDt/itMHorUHAofv3EsuJ0gEN2Dbn9bS8srq2npuI7+5tb2zW9jbvzEq1ZR5VAmlmwExTHDJPOAgWDPRjMSBYI2gfznOG3dMG67kNQwS5sekK3nEKYEM3daUUUAkP8VOxT3rFIpOyZ4I/xh7nhTRTPVO4asdKprGTAIVxJiWYyfgD4kGTgUb5dupYQmhfdJlrcxKEjPjDydXj/BxRkIcKZ09CXhCf28MSWzMIA6yyZhAz8xnY7goa6UQuf6QyyQFJun0oygVGBQeV4BDrhkFMcgMoZpnt2LaI5pQyIrKt4E9wD0PoXfh0nhhJf+MVy5VSs5VuVh1Z93k0CE6QifIQeeoimqojjxEkUZP6Bm9WI/Wq/VmvU9Hl6zZzgH6I+vjG0ArlxA=</latexit><latexit sha1_base64="Rd3BaxZamd/2k0gDOUfuqWHJOWY=">AAACAnicbZBLSwMxFIUzPmt9VV26CRbBhZSZunC6EApuuqzg2EI7lkwm04ZmkiG5o5bSpf/BrW5diVv/iDt/itMHorUHAofv3EsuJ0gEN2Dbn9bS8srq2npuI7+5tb2zW9jbvzEq1ZR5VAmlmwExTHDJPOAgWDPRjMSBYI2gfznOG3dMG67kNQwS5sekK3nEKYEM3daUUUAkP8VOxT3rFIpOyZ4I/xh7nhTRTPVO4asdKprGTAIVxJiWYyfgD4kGTgUb5dupYQmhfdJlrcxKEjPjDydXj/BxRkIcKZ09CXhCf28MSWzMIA6yyZhAz8xnY7goa6UQuf6QyyQFJun0oygVGBQeV4BDrhkFMcgMoZpnt2LaI5pQyIrKt4E9wD0PoXfh0nhhJf+MVy5VSs5VuVh1Z93k0CE6QifIQeeoimqojjxEkUZP6Bm9WI/Wq/VmvU9Hl6zZzgH6I+vjG0ArlxA=</latexit><latexit sha1_base64="Rd3BaxZamd/2k0gDOUfuqWHJOWY=">AAACAnicbZBLSwMxFIUzPmt9VV26CRbBhZSZunC6EApuuqzg2EI7lkwm04ZmkiG5o5bSpf/BrW5diVv/iDt/itMHorUHAofv3EsuJ0gEN2Dbn9bS8srq2npuI7+5tb2zW9jbvzEq1ZR5VAmlmwExTHDJPOAgWDPRjMSBYI2gfznOG3dMG67kNQwS5sekK3nEKYEM3daUUUAkP8VOxT3rFIpOyZ4I/xh7nhTRTPVO4asdKprGTAIVxJiWYyfgD4kGTgUb5dupYQmhfdJlrcxKEjPjDydXj/BxRkIcKZ09CXhCf28MSWzMIA6yyZhAz8xnY7goa6UQuf6QyyQFJun0oygVGBQeV4BDrhkFMcgMoZpnt2LaI5pQyIrKt4E9wD0PoXfh0nhhJf+MVy5VSs5VuVh1Z93k0CE6QifIQeeoimqojjxEkUZP6Bm9WI/Wq/VmvU9Hl6zZzgH6I+vjG0ArlxA=</latexit>

The Higgs vev can be geometrised
<latexit sha1_base64="a7gAd+pCycBO607C8HWBKDc72D8=">AAACIXicjVC7SkNBEN0b3/EVtbRZDIIghCSNsRCCNpYKRgNJCHv3Tm6W7OOyOzcaQj7Cf/AfbLW1Ejux8VPcxBQqCh4YOJwzsztzwkQKh8Xia5CZmZ2bX1hcyi6vrK6t5zY2L51JLYcaN9LYesgcSKGhhgIl1BMLTIUSrsLeydi/6oN1wugLHCTQUizWoiM4Qy+1c/tNbYSOQCO96AI9FXHsaB/6lDNNQ6AxGAVohYMo287lS4XiBPRvkidTnLVz783I8FT517lkzjVKxQRbQ2ZRcAmjbDN1kDDeYzE0PNVMgWsNJ0eN6K5XItox1pffbqJ+nRgy5dxAhb5TMey6n95Y/M1rpNiptIZCJymC5p8fdVJJ0dBxQjQSFjjKgSeMW+F3pbzLLOPoc8w2EW7wWkTYPapw9b9IauXCYaF0Xs5Xj6fZLJJtskP2SIkckCo5JWekRji5JffkgTwGd8FT8By8fLZmgunMFvmG4O0Dehyjgg==</latexit><latexit sha1_base64="a7gAd+pCycBO607C8HWBKDc72D8=">AAACIXicjVC7SkNBEN0b3/EVtbRZDIIghCSNsRCCNpYKRgNJCHv3Tm6W7OOyOzcaQj7Cf/AfbLW1Ejux8VPcxBQqCh4YOJwzsztzwkQKh8Xia5CZmZ2bX1hcyi6vrK6t5zY2L51JLYcaN9LYesgcSKGhhgIl1BMLTIUSrsLeydi/6oN1wugLHCTQUizWoiM4Qy+1c/tNbYSOQCO96AI9FXHsaB/6lDNNQ6AxGAVohYMo287lS4XiBPRvkidTnLVz783I8FT517lkzjVKxQRbQ2ZRcAmjbDN1kDDeYzE0PNVMgWsNJ0eN6K5XItox1pffbqJ+nRgy5dxAhb5TMey6n95Y/M1rpNiptIZCJymC5p8fdVJJ0dBxQjQSFjjKgSeMW+F3pbzLLOPoc8w2EW7wWkTYPapw9b9IauXCYaF0Xs5Xj6fZLJJtskP2SIkckCo5JWekRji5JffkgTwGd8FT8By8fLZmgunMFvmG4O0Dehyjgg==</latexit><latexit sha1_base64="a7gAd+pCycBO607C8HWBKDc72D8=">AAACIXicjVC7SkNBEN0b3/EVtbRZDIIghCSNsRCCNpYKRgNJCHv3Tm6W7OOyOzcaQj7Cf/AfbLW1Ejux8VPcxBQqCh4YOJwzsztzwkQKh8Xia5CZmZ2bX1hcyi6vrK6t5zY2L51JLYcaN9LYesgcSKGhhgIl1BMLTIUSrsLeydi/6oN1wugLHCTQUizWoiM4Qy+1c/tNbYSOQCO96AI9FXHsaB/6lDNNQ6AxGAVohYMo287lS4XiBPRvkidTnLVz783I8FT517lkzjVKxQRbQ2ZRcAmjbDN1kDDeYzE0PNVMgWsNJ0eN6K5XItox1pffbqJ+nRgy5dxAhb5TMey6n95Y/M1rpNiptIZCJymC5p8fdVJJ0dBxQjQSFjjKgSeMW+F3pbzLLOPoc8w2EW7wWkTYPapw9b9IauXCYaF0Xs5Xj6fZLJJtskP2SIkckCo5JWekRji5JffkgTwGd8FT8By8fLZmgunMFvmG4O0Dehyjgg==</latexit><latexit sha1_base64="a7gAd+pCycBO607C8HWBKDc72D8=">AAACIXicjVC7SkNBEN0b3/EVtbRZDIIghCSNsRCCNpYKRgNJCHv3Tm6W7OOyOzcaQj7Cf/AfbLW1Ejux8VPcxBQqCh4YOJwzsztzwkQKh8Xia5CZmZ2bX1hcyi6vrK6t5zY2L51JLYcaN9LYesgcSKGhhgIl1BMLTIUSrsLeydi/6oN1wugLHCTQUizWoiM4Qy+1c/tNbYSOQCO96AI9FXHsaB/6lDNNQ6AxGAVohYMo287lS4XiBPRvkidTnLVz783I8FT517lkzjVKxQRbQ2ZRcAmjbDN1kDDeYzE0PNVMgWsNJ0eN6K5XItox1pffbqJ+nRgy5dxAhb5TMey6n95Y/M1rpNiptIZCJymC5p8fdVJJ0dBxQjQSFjjKgSeMW+F3pbzLLOPoc8w2EW7wWkTYPapw9b9IauXCYaF0Xs5Xj6fZLJJtskP2SIkckCo5JWekRji5JffkgTwGd8FT8By8fLZmgunMFvmG4O0Dehyjgg==</latexit>

EWSB is induced by giving a vev to the Higgs,
which is a gauge boson.

The vev can be removed by a suitable gauge
transformation:

⌦(y) = ei↵THy/R

H0 ! H0 � @y

⇣
↵
y

R

⌘
= H0 �

↵

R
<latexit sha1_base64="O8FgpNsKNjXoxpyVKmzf+N54jes="></latexit><latexit sha1_base64="O8FgpNsKNjXoxpyVKmzf+N54jes="></latexit><latexit sha1_base64="O8FgpNsKNjXoxpyVKmzf+N54jes="></latexit><latexit sha1_base64="O8FgpNsKNjXoxpyVKmzf+N54jes="></latexit>



The periodicity condition is also a↵ected:

⌦(0)�(0) = ⌦(2⇡R)�(2⇡R)

�(0) = ei2⇡↵TH�(2⇡R)

� =

X

n

˜�ei(n+↵)y/R

<latexit sha1_base64="ahyCU5Rl04XEX7UC1cOJ6AjomAk="></latexit><latexit sha1_base64="ahyCU5Rl04XEX7UC1cOJ6AjomAk="></latexit><latexit sha1_base64="ahyCU5Rl04XEX7UC1cOJ6AjomAk="></latexit><latexit sha1_base64="ahyCU5Rl04XEX7UC1cOJ6AjomAk="></latexit>

mn =
|n+ ↵|

R
<latexit sha1_base64="T1JJhcZhlIscMRIDDL+KCRYdLtg="></latexit><latexit sha1_base64="T1JJhcZhlIscMRIDDL+KCRYdLtg="></latexit><latexit sha1_base64="T1JJhcZhlIscMRIDDL+KCRYdLtg="></latexit><latexit sha1_base64="T1JJhcZhlIscMRIDDL+KCRYdLtg="></latexit>

The spectrum is shifted
<latexit sha1_base64="AkSo7JW7qy6aviQLcqPBZEgHyn0=">AAACDnicjVA9SwNBEN2LXzF+RW0Em8UgWIUkjbEQgjaWEXImkISwtzeXW7J7d+zOqSHE/+B/sNXWSmz9C3b+FDcfhYqCDwYe780wM89LpDBYKr07mYXFpeWV7GpubX1jcyu/vXNl4lRzcHksY93ymAEpInBRoIRWooEpT0LTG5xP/OY1aCPiqIHDBLqK9SMRCM7QSr38XiMEahLgqFNFhaEmFAGCn+vlC+ViaQr6NymQOeq9/EfHj3mqIEIumTHtcinB7ohpFFzCONdJDSSMD1gf2pZGTIHpjqYfjOmhVXwaxNpWhHSqfp0YMWXMUHm2UzEMzU9vIv7mtVMMqt2RiJIUIeKzRUEqKcZ0Egf1hba/y6EljGthb6U8ZJpxtKHlOgi3eCN8DE+rXP0vErdSPCmWLyuF2tk8myzZJwfkiJTJMamRC1InLuHkjjyQR/Lk3DvPzovzOmvNOPOZXfINztsnSoKcCw==</latexit><latexit sha1_base64="AkSo7JW7qy6aviQLcqPBZEgHyn0=">AAACDnicjVA9SwNBEN2LXzF+RW0Em8UgWIUkjbEQgjaWEXImkISwtzeXW7J7d+zOqSHE/+B/sNXWSmz9C3b+FDcfhYqCDwYe780wM89LpDBYKr07mYXFpeWV7GpubX1jcyu/vXNl4lRzcHksY93ymAEpInBRoIRWooEpT0LTG5xP/OY1aCPiqIHDBLqK9SMRCM7QSr38XiMEahLgqFNFhaEmFAGCn+vlC+ViaQr6NymQOeq9/EfHj3mqIEIumTHtcinB7ohpFFzCONdJDSSMD1gf2pZGTIHpjqYfjOmhVXwaxNpWhHSqfp0YMWXMUHm2UzEMzU9vIv7mtVMMqt2RiJIUIeKzRUEqKcZ0Egf1hba/y6EljGthb6U8ZJpxtKHlOgi3eCN8DE+rXP0vErdSPCmWLyuF2tk8myzZJwfkiJTJMamRC1InLuHkjjyQR/Lk3DvPzovzOmvNOPOZXfINztsnSoKcCw==</latexit><latexit sha1_base64="AkSo7JW7qy6aviQLcqPBZEgHyn0=">AAACDnicjVA9SwNBEN2LXzF+RW0Em8UgWIUkjbEQgjaWEXImkISwtzeXW7J7d+zOqSHE/+B/sNXWSmz9C3b+FDcfhYqCDwYe780wM89LpDBYKr07mYXFpeWV7GpubX1jcyu/vXNl4lRzcHksY93ymAEpInBRoIRWooEpT0LTG5xP/OY1aCPiqIHDBLqK9SMRCM7QSr38XiMEahLgqFNFhaEmFAGCn+vlC+ViaQr6NymQOeq9/EfHj3mqIEIumTHtcinB7ohpFFzCONdJDSSMD1gf2pZGTIHpjqYfjOmhVXwaxNpWhHSqfp0YMWXMUHm2UzEMzU9vIv7mtVMMqt2RiJIUIeKzRUEqKcZ0Egf1hba/y6EljGthb6U8ZJpxtKHlOgi3eCN8DE+rXP0vErdSPCmWLyuF2tk8myzZJwfkiJTJMamRC1InLuHkjjyQR/Lk3DvPzovzOmvNOPOZXfINztsnSoKcCw==</latexit><latexit sha1_base64="AkSo7JW7qy6aviQLcqPBZEgHyn0=">AAACDnicjVA9SwNBEN2LXzF+RW0Em8UgWIUkjbEQgjaWEXImkISwtzeXW7J7d+zOqSHE/+B/sNXWSmz9C3b+FDcfhYqCDwYe780wM89LpDBYKr07mYXFpeWV7GpubX1jcyu/vXNl4lRzcHksY93ymAEpInBRoIRWooEpT0LTG5xP/OY1aCPiqIHDBLqK9SMRCM7QSr38XiMEahLgqFNFhaEmFAGCn+vlC+ViaQr6NymQOeq9/EfHj3mqIEIumTHtcinB7ohpFFzCONdJDSSMD1gf2pZGTIHpjqYfjOmhVXwaxNpWhHSqfp0YMWXMUHm2UzEMzU9vIv7mtVMMqt2RiJIUIeKzRUEqKcZ0Egf1hba/y6EljGthb6U8ZJpxtKHlOgi3eCN8DE+rXP0vErdSPCmWLyuF2tk8myzZJwfkiJTJMamRC1InLuHkjjyQR/Lk3DvPzovzOmvNOPOZXfINztsnSoKcCw==</latexit>

m0 =
|↵|
R

<latexit sha1_base64="20ZFDzVgsB3BD6o4fIzwkHnUN5A="></latexit><latexit sha1_base64="20ZFDzVgsB3BD6o4fIzwkHnUN5A="></latexit><latexit sha1_base64="20ZFDzVgsB3BD6o4fIzwkHnUN5A="></latexit><latexit sha1_base64="20ZFDzVgsB3BD6o4fIzwkHnUN5A="></latexit>

Zero modes pick up a mass

<latexit sha1_base64="u//IyYDwf5bpjIfyTCGq5+gVhyw=">AAACEHicjVC7SgNBFJ2NrxhfUTttBoNgFZI0xkII2lhGcE0wCWF29iYZMrOzzNxVQwj4D/6DrbZWYusf2PkpTh6FioIHLhzOuffO3BPEUlgsFN691Nz8wuJSejmzsrq2vpHd3Lq0OjEcfK6lNvWAWZAiAh8FSqjHBpgKJNSC/unYr12DsUJHFziIoaVYNxIdwRk6qZ3duQKjqdIhWBoL3qdJTBlVzNpMO5sr5gsT0L9JjsxQbWc/mqHmiYIIuXQbGsVCjK0hMyi4hFGmmViIGe+zLjQcjZgC2xpObhjRfaeEtKONqwjpRP06MWTK2oEKXKdi2LM/vbH4m9dIsFNuDUUUJwgRnz7USSRFTceB0FAY4CgHjjBuhPsr5T1mGEcXW6aJcIs3IsTecZmr/0Xil/JH+eJ5KVc5mWWTJrtkjxyQIjkkFXJGqsQnnNyRB/JInrx779l78V6nrSlvNrNNvsF7+wQLPZxh</latexit><latexit sha1_base64="u//IyYDwf5bpjIfyTCGq5+gVhyw=">AAACEHicjVC7SgNBFJ2NrxhfUTttBoNgFZI0xkII2lhGcE0wCWF29iYZMrOzzNxVQwj4D/6DrbZWYusf2PkpTh6FioIHLhzOuffO3BPEUlgsFN691Nz8wuJSejmzsrq2vpHd3Lq0OjEcfK6lNvWAWZAiAh8FSqjHBpgKJNSC/unYr12DsUJHFziIoaVYNxIdwRk6qZ3duQKjqdIhWBoL3qdJTBlVzNpMO5sr5gsT0L9JjsxQbWc/mqHmiYIIuXQbGsVCjK0hMyi4hFGmmViIGe+zLjQcjZgC2xpObhjRfaeEtKONqwjpRP06MWTK2oEKXKdi2LM/vbH4m9dIsFNuDUUUJwgRnz7USSRFTceB0FAY4CgHjjBuhPsr5T1mGEcXW6aJcIs3IsTecZmr/0Xil/JH+eJ5KVc5mWWTJrtkjxyQIjkkFXJGqsQnnNyRB/JInrx779l78V6nrSlvNrNNvsF7+wQLPZxh</latexit><latexit sha1_base64="u//IyYDwf5bpjIfyTCGq5+gVhyw=">AAACEHicjVC7SgNBFJ2NrxhfUTttBoNgFZI0xkII2lhGcE0wCWF29iYZMrOzzNxVQwj4D/6DrbZWYusf2PkpTh6FioIHLhzOuffO3BPEUlgsFN691Nz8wuJSejmzsrq2vpHd3Lq0OjEcfK6lNvWAWZAiAh8FSqjHBpgKJNSC/unYr12DsUJHFziIoaVYNxIdwRk6qZ3duQKjqdIhWBoL3qdJTBlVzNpMO5sr5gsT0L9JjsxQbWc/mqHmiYIIuXQbGsVCjK0hMyi4hFGmmViIGe+zLjQcjZgC2xpObhjRfaeEtKONqwjpRP06MWTK2oEKXKdi2LM/vbH4m9dIsFNuDUUUJwgRnz7USSRFTceB0FAY4CgHjjBuhPsr5T1mGEcXW6aJcIs3IsTecZmr/0Xil/JH+eJ5KVc5mWWTJrtkjxyQIjkkFXJGqsQnnNyRB/JInrx779l78V6nrSlvNrNNvsF7+wQLPZxh</latexit><latexit sha1_base64="u//IyYDwf5bpjIfyTCGq5+gVhyw=">AAACEHicjVC7SgNBFJ2NrxhfUTttBoNgFZI0xkII2lhGcE0wCWF29iYZMrOzzNxVQwj4D/6DrbZWYusf2PkpTh6FioIHLhzOuffO3BPEUlgsFN691Nz8wuJSejmzsrq2vpHd3Lq0OjEcfK6lNvWAWZAiAh8FSqjHBpgKJNSC/unYr12DsUJHFziIoaVYNxIdwRk6qZ3duQKjqdIhWBoL3qdJTBlVzNpMO5sr5gsT0L9JjsxQbWc/mqHmiYIIuXQbGsVCjK0hMyi4hFGmmViIGe+zLjQcjZgC2xpObhjRfaeEtKONqwjpRP06MWTK2oEKXKdi2LM/vbH4m9dIsFNuDUUUJwgRnz7USSRFTceB0FAY4CgHjjBuhPsr5T1mGEcXW6aJcIs3IsTecZmr/0Xil/JH+eJ5KVc5mWWTJrtkjxyQIjkkFXJGqsQnnNyRB/JInrx779l78V6nrSlvNrNNvsF7+wQLPZxh</latexit>



How about fermions?

Consider a fundamental of SU(3):

 =

✓
 D

 S

◆
U(1) charges :

✓
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�1/3

◆

¯ D5�
5 ) gp

2

¯ DH S + h.c.

yf =

gp
2

: Yukawa couplings are related

to gauge couplings

<latexit sha1_base64="KeMxPjEo7ZW5DlETUaxAk/cHCGg="></latexit><latexit sha1_base64="KeMxPjEo7ZW5DlETUaxAk/cHCGg="></latexit><latexit sha1_base64="KeMxPjEo7ZW5DlETUaxAk/cHCGg="></latexit><latexit sha1_base64="KeMxPjEo7ZW5DlETUaxAk/cHCGg="></latexit>



The SU(3) model fails

Incorrect prediction of the Weinberg angle

sin

2 ✓W =

3

4

Yukawas related to the gauge couplings:

mf = mW
<latexit sha1_base64="q4NwUyqzMLropuOY/Y5LiGTrHQw="></latexit><latexit sha1_base64="q4NwUyqzMLropuOY/Y5LiGTrHQw="></latexit><latexit sha1_base64="q4NwUyqzMLropuOY/Y5LiGTrHQw="></latexit><latexit sha1_base64="q4NwUyqzMLropuOY/Y5LiGTrHQw="></latexit>

It is easy to reduce the fermion masses by use of

localisation, but hard to enhance.

The value of the top mass is a serious issues.

<latexit sha1_base64="JDM4WNHffGakcwbm6rdQPaifp64="></latexit><latexit sha1_base64="JDM4WNHffGakcwbm6rdQPaifp64="></latexit><latexit sha1_base64="JDM4WNHffGakcwbm6rdQPaifp64="></latexit><latexit sha1_base64="JDM4WNHffGakcwbm6rdQPaifp64="></latexit>

Grossmann, Neubert: hep-ph/9912408

<latexit sha1_base64="DAqkuq9iqDbkOhIGeq3/QZ4cs9c=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbAILrTOFMFWEAQXuhIFq4W2lEx62wlNMkNyRy2le/+D/8Gtbl2JW3fu/ClOaxEfPRA4fOdekhw/ksKi6747qYnJqemZ9Gxmbn5hcSm7vHJpw9hwKPNQhqbiMwtSaCijQAmVyABTvoQrv3M0yK+uwVgR6gvsRlBXrK1FS3CGCWpk149NaK1iWm/RU4h9MLhPA4i2o2CnVPIKu26xkc15eXco+m3cvyRHRjprZD9qzZDHCjRyyaytem6E9R4zKLiEfqYWW4gY77A2VBOrmQJb7w3/0qcbCWnSVmiSo5EO6c+NHlPWdpWfTCqGgf2bDeC4rBpjq1jvCR3FCJp/XdSKJcWQDoqhTWGAo+wmhnEjkrdSHjDDOCb1ZWoIt3gjmhgcFLkaW8k/Uy7kS3nvvJA7LI66SZM1sk42iUf2yCE5IWekTDi5Iw/kkTw5986z8+K8fo2mnNHOKvkl5+0TxBCeuA==</latexit><latexit sha1_base64="DAqkuq9iqDbkOhIGeq3/QZ4cs9c=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbAILrTOFMFWEAQXuhIFq4W2lEx62wlNMkNyRy2le/+D/8Gtbl2JW3fu/ClOaxEfPRA4fOdekhw/ksKi6747qYnJqemZ9Gxmbn5hcSm7vHJpw9hwKPNQhqbiMwtSaCijQAmVyABTvoQrv3M0yK+uwVgR6gvsRlBXrK1FS3CGCWpk149NaK1iWm/RU4h9MLhPA4i2o2CnVPIKu26xkc15eXco+m3cvyRHRjprZD9qzZDHCjRyyaytem6E9R4zKLiEfqYWW4gY77A2VBOrmQJb7w3/0qcbCWnSVmiSo5EO6c+NHlPWdpWfTCqGgf2bDeC4rBpjq1jvCR3FCJp/XdSKJcWQDoqhTWGAo+wmhnEjkrdSHjDDOCb1ZWoIt3gjmhgcFLkaW8k/Uy7kS3nvvJA7LI66SZM1sk42iUf2yCE5IWekTDi5Iw/kkTw5986z8+K8fo2mnNHOKvkl5+0TxBCeuA==</latexit><latexit sha1_base64="DAqkuq9iqDbkOhIGeq3/QZ4cs9c=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbAILrTOFMFWEAQXuhIFq4W2lEx62wlNMkNyRy2le/+D/8Gtbl2JW3fu/ClOaxEfPRA4fOdekhw/ksKi6747qYnJqemZ9Gxmbn5hcSm7vHJpw9hwKPNQhqbiMwtSaCijQAmVyABTvoQrv3M0yK+uwVgR6gvsRlBXrK1FS3CGCWpk149NaK1iWm/RU4h9MLhPA4i2o2CnVPIKu26xkc15eXco+m3cvyRHRjprZD9qzZDHCjRyyaytem6E9R4zKLiEfqYWW4gY77A2VBOrmQJb7w3/0qcbCWnSVmiSo5EO6c+NHlPWdpWfTCqGgf2bDeC4rBpjq1jvCR3FCJp/XdSKJcWQDoqhTWGAo+wmhnEjkrdSHjDDOCb1ZWoIt3gjmhgcFLkaW8k/Uy7kS3nvvJA7LI66SZM1sk42iUf2yCE5IWekTDi5Iw/kkTw5986z8+K8fo2mnNHOKvkl5+0TxBCeuA==</latexit><latexit sha1_base64="DAqkuq9iqDbkOhIGeq3/QZ4cs9c=">AAACGHicbZBLSwMxFIUz9VXrq+rSTbAILrTOFMFWEAQXuhIFq4W2lEx62wlNMkNyRy2le/+D/8Gtbl2JW3fu/ClOaxEfPRA4fOdekhw/ksKi6747qYnJqemZ9Gxmbn5hcSm7vHJpw9hwKPNQhqbiMwtSaCijQAmVyABTvoQrv3M0yK+uwVgR6gvsRlBXrK1FS3CGCWpk149NaK1iWm/RU4h9MLhPA4i2o2CnVPIKu26xkc15eXco+m3cvyRHRjprZD9qzZDHCjRyyaytem6E9R4zKLiEfqYWW4gY77A2VBOrmQJb7w3/0qcbCWnSVmiSo5EO6c+NHlPWdpWfTCqGgf2bDeC4rBpjq1jvCR3FCJp/XdSKJcWQDoqhTWGAo+wmhnEjkrdSHjDDOCb1ZWoIt3gjmhgcFLkaW8k/Uy7kS3nvvJA7LI66SZM1sk42iUf2yCE5IWekTDi5Iw/kkTw5986z8+K8fo2mnNHOKvkl5+0TxBCeuA==</latexit>



Many solutions attempted:

• Looking for other gauge groups: G2, . . .

• Embedding the top in higher representations.

• Adding localised couplings/fields.

• Changing the geometry of the space

• . . .
<latexit sha1_base64="QDg8c4MVgA7LXGwC4Rnv/V/rYGM="></latexit><latexit sha1_base64="QDg8c4MVgA7LXGwC4Rnv/V/rYGM="></latexit><latexit sha1_base64="QDg8c4MVgA7LXGwC4Rnv/V/rYGM="></latexit><latexit sha1_base64="QDg8c4MVgA7LXGwC4Rnv/V/rYGM="></latexit>

Csaki, Grojean, Murayama: hep-ph/0210133

<latexit sha1_base64="qZlwLJ+WMzteOW1FFJYIZdNB3Kk="></latexit><latexit sha1_base64="qZlwLJ+WMzteOW1FFJYIZdNB3Kk="></latexit><latexit sha1_base64="qZlwLJ+WMzteOW1FFJYIZdNB3Kk="></latexit><latexit sha1_base64="qZlwLJ+WMzteOW1FFJYIZdNB3Kk="></latexit>

Cacciapaglia, Csaki, Park: hep-ph/0510366
<latexit sha1_base64="65wbcXc3OLXzbbvddD2whu9ZfnE="></latexit><latexit sha1_base64="65wbcXc3OLXzbbvddD2whu9ZfnE="></latexit><latexit sha1_base64="65wbcXc3OLXzbbvddD2whu9ZfnE="></latexit><latexit sha1_base64="65wbcXc3OLXzbbvddD2whu9ZfnE="></latexit>

Scrucca, Serone, Silvestrini: hep-ph/0304220

<latexit sha1_base64="dg/C79fgVyJMjLBBqqERC4qUNzQ="></latexit><latexit sha1_base64="dg/C79fgVyJMjLBBqqERC4qUNzQ="></latexit><latexit sha1_base64="dg/C79fgVyJMjLBBqqERC4qUNzQ="></latexit><latexit sha1_base64="dg/C79fgVyJMjLBBqqERC4qUNzQ="></latexit>

Contino, Nomura, Pomarol: hep-ph/0306259

<latexit sha1_base64="drH7n3F4om5/ST8lgELt99ZMkd4="></latexit><latexit sha1_base64="drH7n3F4om5/ST8lgELt99ZMkd4="></latexit><latexit sha1_base64="drH7n3F4om5/ST8lgELt99ZMkd4="></latexit><latexit sha1_base64="drH7n3F4om5/ST8lgELt99ZMkd4="></latexit>



One fact has been overlooked so far:
couplings run!

cut-o↵

= few 1/R
<latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit> ...

<latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit>

1/R
<latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit>

EW scale
<latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmtki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmtki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmtki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmtki3+C8fgBiIKGA</latexit>

The Unified predictions

are valid at this scale.

<latexit sha1_base64="wz2P6RutzCJPvciyL+B3hjxD2vM="></latexit><latexit sha1_base64="wz2P6RutzCJPvciyL+B3hjxD2vM="></latexit><latexit sha1_base64="wz2P6RutzCJPvciyL+B3hjxD2vM="></latexit><latexit sha1_base64="wz2P6RutzCJPvciyL+B3hjxD2vM="></latexit>

They need to be matched

at the EW scale.

<latexit sha1_base64="75mYwiQTLdFlT7yhOCk7MtvtjwU="></latexit><latexit sha1_base64="75mYwiQTLdFlT7yhOCk7MtvtjwU="></latexit><latexit sha1_base64="75mYwiQTLdFlT7yhOCk7MtvtjwU="></latexit><latexit sha1_base64="75mYwiQTLdFlT7yhOCk7MtvtjwU="></latexit>

Even though the two scales

may not be that far, XDs

features an accelerated

running.

<latexit sha1_base64="jPHx030rJ3MmrCFSO1rv5OyDm0g="></latexit><latexit sha1_base64="jPHx030rJ3MmrCFSO1rv5OyDm0g="></latexit><latexit sha1_base64="jPHx030rJ3MmrCFSO1rv5OyDm0g="></latexit><latexit sha1_base64="jPHx030rJ3MmrCFSO1rv5OyDm0g="></latexit>



cut-o↵

= few 1/R
<latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit><latexit sha1_base64="yGiZirxzZ0M50G09dX6kZkPxkNI=">AAACJ3icjVDLSgMxFM34dnxVXboJVsGNtdONuigU3bhUsSp0Sslk7rTBTGZI7qhl6Hf4D/6DW926Et3pn5jWCioKHghczuMmOUEqhcFy+cUZGR0bn5icmnZnZufmFwqLS6cmyTSHOk9kos8DZkAKBXUUKOE81cDiQMJZcLHf188uQRuRqBPsptCMWVuJSHCGlmoVPD+AtlA5B4Wgey7PcDOJIt93qzSCK7rmbR2vuT6o8NPSKhS9UnkA+vdQJEMctgqvfpjwLLZxLpkxDa+cYjNnGgWX0HP9zEDK+AVrQ8OOisVgmvngaz26bpmQRom2RyEdsF8TOYuN6caBdcYMO+an1id/0xoZRjvNXKg0Q1D846IokxQT2u+JhkIDR9m1A+Na2LdS3mGacduB3YRwjVcixE51h8f/q6ReKe2WvKNKsbY37GaKrJBVskE8sk1q5IAckjrh5IbckXvy4Nw6j86T8/xhHXGGmWXyDc7bO1mqpW0=</latexit> ...

<latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit><latexit sha1_base64="u6wZKjqERsRY4W4UfSryYqobGlQ=">AAACGHicjVC7SgNBFJ31GeMrammzJAhWYZPGWAhBG8sIxgSyS5idvZsMmZ1dZu5Gw5Lef/AfbLW1Els7Oz/FyUNQUfDAwOGce+bOHD8RXKPjvFkLi0vLK6u5tfz6xubWdmFn90rHqWLQZLGIVdunGgSX0ESOAtqJAhr5Alr+4Gzit4agNI/lJY4S8CLakzzkjKKRuoWi60OPy4yBRFDjvDsMYtR5F2TwqXULpUrZmcL+m5TIHI1u4d0NYpZGJs4E1bpTcRL0MqqQMwFmR6ohoWxAe9AxVNIItJdN/zK2D4wS2GGszJFoT9WviYxGWo8i30xGFPv6pzcRf/M6KYY1L+MySREkmy0KU2FjbE+KsQOugKEYGUKZ4uatNutTRZnpwNyEcIPXPMD+SY1F/6ukWS0flysX1VL9dN5NjuyTIjkkFXJE6uScNEiTMHJL7skDebTurCfr2XqZjS5Y88we+Qbr9QOuhaE0</latexit>

1/R
<latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit><latexit sha1_base64="iFYTdJNLGCM49jNAgnt9ZhdN0CU=">AAACF3icjVC7TgJBFJ3FF+Jr1dJmFUyskKURCxOijSUaERIgZHb2AhNmZzczd1WyofYf/Adbba2MraWdn+LwMFGjiSeZ5OSce+7MHC8SXGOh8GalZmbn5hfSi5ml5ZXVNXt941KHsWJQZaEIVd2jGgSXUEWOAuqRAhp4Ampe/2Tk165AaR7KCxxE0ApoV/IOZxSN1La3mx50uUwYSAQ1zOTc/fNcpgnS/5TadtbNF8Zw/iZZMkWlbb83/ZDFgYkzQbVuuIUIWwlVyJmAYaYZa4go69MuNAyVNADdSsZfGTq7RvGdTqjMkeiM1a+JhAZaDwLPTAYUe/qnNxJ/8xoxdkqthMsoRpBsclEnFg6GzqgXx+cKGIqBIZQpbt7qsB5VlJkOzCaEG7zmPvaOSiz4XyXVYv4w754Vs+XjaTdpskV2yB5xyQEpk1NSIVXCyC25Jw/k0bqznqxn62UymrKmmU3yDdbrB/S5n5g=</latexit>

EW scale
<latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmt ki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmt ki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmt ki3+C8fgBiIKGA</latexit><latexit sha1_base64="K8T1VP0GcgKsrH6PGelCbwXk0ro=">AAACGnicjVDLSgMxFM34rPVVdekmWAVXpe3GuhCKIrisYG2hU0omc6cNzWSG5I5ahv6A/+A/uNWtK3Hrxp2fYvoQVBQ8EDicc89NcrxYCoPF4pszMzs3v7CYWcour6yurec2Ni9NlGgOdR7JSDc9ZkAKBXUUKKEZa2ChJ6Hh9U9GfuMKtBGRusBBDO2QdZUIBGdopU5u1/WgK1TKQSHoYfa0QQ1nErIuKP9T7eTypUJxDPo3yZMpap3cu+tHPAltnEtmTKtUjLGdMo2CSxhm3cRAzHifdaFlqWIhmHY6/s2Q7lnFp0Gk7VFIx+rXRMpCYwahZydDhj3z0xuJv3mtBINKOxUqThAUn1wUJJJiREfVUF9o4CgHljCuhX0r5T2mGbcd2E0IN3gtfOwdVXj4v0rq5cJhoXRezlePp91kyDbZIfukRA5IlZyRGqkTTm7JPXkgj86d8+Q8Oy+T0Rlnmt ki3+C8fgBiIKGA</latexit>

Usual 4D running
<latexit sha1_base64="npxlpkZ5RnNTmUsERnbBgjQOenQ=">AAACE3icjVDLSgMxFM34rONr1KUIwSK4Km0RrAuhqAuXFRxb6JSSyaRtaCYzJDdqGbryH/wHt7p1JW79AHd+iuljoaLggQuHc+5N7j1hKriGYvHdmZmdm19YzC25yyura+vexuaVToyizKeJSFQjJJoJLpkPHARrpIqROBSsHvZPR379minNE3kJg5S1YtKVvMMpASu1vZ1AJlxGTAL2tSECH5xhZaTkshsEbtvLlwrFMfDfJI+mqLW9jyBKqInte1QQrZulYgqtjCjgVLChGxjNUkL7pMualkoSM93KxmcM8Z5VItxJlC27z1j9OpGRWOtBHNrOmEBP//RG4m9e00Cn0sq4TA0wSScfdYzAkOBRJjjiilEQA0sIVdzuimmPKELBJucGwG7hhkfQO67Q+H+R+OXCUaF0Uc5XT6bZ5NA22kX7qIQOURWdoxryEUV36AE9oifn3nl2XpzXSeuMM53ZQt/gvH0Cv8ad3A==</latexit><latexit sha1_base64="npxlpkZ5RnNTmUsERnbBgjQOenQ=">AAACE3icjVDLSgMxFM34rONr1KUIwSK4Km0RrAuhqAuXFRxb6JSSyaRtaCYzJDdqGbryH/wHt7p1JW79AHd+iuljoaLggQuHc+5N7j1hKriGYvHdmZmdm19YzC25yyura+vexuaVToyizKeJSFQjJJoJLpkPHARrpIqROBSsHvZPR379minNE3kJg5S1YtKVvMMpASu1vZ1AJlxGTAL2tSECH5xhZaTkshsEbtvLlwrFMfDfJI+mqLW9jyBKqInte1QQrZulYgqtjCjgVLChGxjNUkL7pMualkoSM93KxmcM8Z5VItxJlC27z1j9OpGRWOtBHNrOmEBP//RG4m9e00Cn0sq4TA0wSScfdYzAkOBRJjjiilEQA0sIVdzuimmPKELBJucGwG7hhkfQO67Q+H+R+OXCUaF0Uc5XT6bZ5NA22kX7qIQOURWdoxryEUV36AE9oifn3nl2XpzXSeuMM53ZQt/gvH0Cv8ad3A==</latexit><latexit sha1_base64="npxlpkZ5RnNTmUsERnbBgjQOenQ=">AAACE3icjVDLSgMxFM34rONr1KUIwSK4Km0RrAuhqAuXFRxb6JSSyaRtaCYzJDdqGbryH/wHt7p1JW79AHd+iuljoaLggQuHc+5N7j1hKriGYvHdmZmdm19YzC25yyura+vexuaVToyizKeJSFQjJJoJLpkPHARrpIqROBSsHvZPR379minNE3kJg5S1YtKVvMMpASu1vZ1AJlxGTAL2tSECH5xhZaTkshsEbtvLlwrFMfDfJI+mqLW9jyBKqInte1QQrZulYgqtjCjgVLChGxjNUkL7pMualkoSM93KxmcM8Z5VItxJlC27z1j9OpGRWOtBHNrOmEBP//RG4m9e00Cn0sq4TA0wSScfdYzAkOBRJjjiilEQA0sIVdzuimmPKELBJucGwG7hhkfQO67Q+H+R+OXCUaF0Uc5XT6bZ5NA22kX7qIQOURWdoxryEUV36AE9oifn3nl2XpzXSeuMM53ZQt/gvH0Cv8ad3A==</latexit><latexit sha1_base64="npxlpkZ5RnNTmUsERnbBgjQOenQ=">AAACE3icjVDLSgMxFM34rONr1KUIwSK4Km0RrAuhqAuXFRxb6JSSyaRtaCYzJDdqGbryH/wHt7p1JW79AHd+iuljoaLggQuHc+5N7j1hKriGYvHdmZmdm19YzC25yyura+vexuaVToyizKeJSFQjJJoJLpkPHARrpIqROBSsHvZPR379minNE3kJg5S1YtKVvMMpASu1vZ1AJlxGTAL2tSECH5xhZaTkshsEbtvLlwrFMfDfJI+mqLW9jyBKqInte1QQrZulYgqtjCjgVLChGxjNUkL7pMualkoSM93KxmcM8Z5VItxJlC27z1j9OpGRWOtBHNrOmEBP//RG4m9e00Cn0sq4TA0wSScfdYzAkOBRJjjiilEQA0sIVdzuimmPKELBJucGwG7hhkfQO67Q+H+R+OXCUaF0Uc5XT6bZ5NA22kX7qIQOURWdoxryEUV36AE9oifn3nl2XpzXSeuMM53ZQt/gvH0Cv8ad3A==</latexit>

At each threshold

new states enter

the running.

The collective e↵ect

of the resonances

produces a fast linear running

(cf. 4D log running)

This fact is well known

for the gauge couplings

(see XD GUT models).

But the Yukawas

are also gauge couplings here!

<latexit sha1_base64="V/VdSTlLUvquxW5iHej9zPfanA4="></latexit><latexit sha1_base64="V/VdSTlLUvquxW5iHej9zPfanA4="></latexit><latexit sha1_base64="V/VdSTlLUvquxW5iHej9zPfanA4="></latexit><latexit sha1_base64="V/VdSTlLUvquxW5iHej9zPfanA4="></latexit>



Reconsider the simple SU(3) model

Cacciapaglia, AC, Deandrea, Khojali: hep-ph/1706.02313

<latexit sha1_base64="Tr7gbSPgRzxwRPPhL/gPxbf3TBs="></latexit><latexit sha1_base64="Tr7gbSPgRzxwRPPhL/gPxbf3TBs="></latexit><latexit sha1_base64="Tr7gbSPgRzxwRPPhL/gPxbf3TBs="></latexit><latexit sha1_base64="Tr7gbSPgRzxwRPPhL/gPxbf3TBs="></latexit>
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4D running
<latexit sha1_base64="gGULNE5waIsUsj0vKiUzpx5GlUg=">AAACC3icjVDLSgMxFM3UV62vUXHlJlgEV6UtgnUhFHXhsoK1hc5QMplMG5pkhuSOWob+gv/gVreuxK0f4c5PMX0sVBQ8EDicc+/N4QSJ4AbK5XcnNze/sLiUXy6srK6tb7ibW9cmTjVlTRqLWLcDYpjgijWBg2DtRDMiA8FaweBs7LdumDY8VlcwTJgvSU/xiFMCVuq6O56KuQqZAnx4jnWqFFe9QtctVkrlCfDfpIhmaHTdDy+MaSrtHSqIMZ1KOQE/Ixo4FWxU8FLDEkIHpMc6lioimfGzSfwR3rdKiKNY22dzTNSvGxmRxgxlYCclgb756Y3F37xOClHNz7hKUmCKTj+KUoEhxuMucMg1oyCGlhCquc2KaZ9oQsE2VvCA3cEtD6F/UqPyf5U0q6XjUuWyWqyfzrrJo120hw5QBR2hOrpADdREFGXoAT2iJ+feeXZenNfpaM6Z7Wyjb3DePgHIMJqq</latexit><latexit sha1_base64="gGULNE5waIsUsj0vKiUzpx5GlUg=">AAACC3icjVDLSgMxFM3UV62vUXHlJlgEV6UtgnUhFHXhsoK1hc5QMplMG5pkhuSOWob+gv/gVreuxK0f4c5PMX0sVBQ8EDicc+/N4QSJ4AbK5XcnNze/sLiUXy6srK6tb7ibW9cmTjVlTRqLWLcDYpjgijWBg2DtRDMiA8FaweBs7LdumDY8VlcwTJgvSU/xiFMCVuq6O56KuQqZAnx4jnWqFFe9QtctVkrlCfDfpIhmaHTdDy+MaSrtHSqIMZ1KOQE/Ixo4FWxU8FLDEkIHpMc6lioimfGzSfwR3rdKiKNY22dzTNSvGxmRxgxlYCclgb756Y3F37xOClHNz7hKUmCKTj+KUoEhxuMucMg1oyCGlhCquc2KaZ9oQsE2VvCA3cEtD6F/UqPyf5U0q6XjUuWyWqyfzrrJo120hw5QBR2hOrpADdREFGXoAT2iJ+feeXZenNfpaM6Z7Wyjb3DePgHIMJqq</latexit><latexit sha1_base64="gGULNE5waIsUsj0vKiUzpx5GlUg=">AAACC3icjVDLSgMxFM3UV62vUXHlJlgEV6UtgnUhFHXhsoK1hc5QMplMG5pkhuSOWob+gv/gVreuxK0f4c5PMX0sVBQ8EDicc+/N4QSJ4AbK5XcnNze/sLiUXy6srK6tb7ibW9cmTjVlTRqLWLcDYpjgijWBg2DtRDMiA8FaweBs7LdumDY8VlcwTJgvSU/xiFMCVuq6O56KuQqZAnx4jnWqFFe9QtctVkrlCfDfpIhmaHTdDy+MaSrtHSqIMZ1KOQE/Ixo4FWxU8FLDEkIHpMc6lioimfGzSfwR3rdKiKNY22dzTNSvGxmRxgxlYCclgb756Y3F37xOClHNz7hKUmCKTj+KUoEhxuMucMg1oyCGlhCquc2KaZ9oQsE2VvCA3cEtD6F/UqPyf5U0q6XjUuWyWqyfzrrJo120hw5QBR2hOrpADdREFGXoAT2iJ+feeXZenNfpaM6Z7Wyjb3DePgHIMJqq</latexit><latexit sha1_base64="gGULNE5waIsUsj0vKiUzpx5GlUg=">AAACC3icjVDLSgMxFM3UV62vUXHlJlgEV6UtgnUhFHXhsoK1hc5QMplMG5pkhuSOWob+gv/gVreuxK0f4c5PMX0sVBQ8EDicc+/N4QSJ4AbK5XcnNze/sLiUXy6srK6tb7ibW9cmTjVlTRqLWLcDYpjgijWBg2DtRDMiA8FaweBs7LdumDY8VlcwTJgvSU/xiFMCVuq6O56KuQqZAnx4jnWqFFe9QtctVkrlCfDfpIhmaHTdDy+MaSrtHSqIMZ1KOQE/Ixo4FWxU8FLDEkIHpMc6lioimfGzSfwR3rdKiKNY22dzTNSvGxmRxgxlYCclgb756Y3F37xOClHNz7hKUmCKTj+KUoEhxuMucMg1oyCGlhCquc2KaZ9oQsE2VvCA3cEtD6F/UqPyf5U0q6XjUuWyWqyfzrrJo120hw5QBR2hOrpADdREFGXoAT2iJ+feeXZenNfpaM6Z7Wyjb3DePgHIMJqq</latexit>

First KK threshold

<latexit sha1_base64="s4t9NLGSh7NmHv5FyXhWZ86OD/Q=">AAACE3icjVBNSwMxEM3Wr1q/Vj2KECyCp9L2Yj0IoiBCLwquCm0p2ezUDWaTJZlVy+LJ/+B/8KpXT+LVH+DNn2Jae1BR8MHA472ZZOaFqRQWq9U3rzA2PjE5VZwuzczOzS/4i0snVmeGQ8C11OYsZBakUBCgQAlnqQGWhBJOw4u9gX96CcYKrY6xn0InYedK9ARn6KSuv9pWWqgIFNJ9YSzSZpNibMDGWkalrl+uVapD0L9JmYxw2PXf25HmWeLe45JZ26pVU+zkzKDgEm5K7cxCyvgFO4eWo4olYDv58Iwbuu6UiPa0ceX2GapfJ3KWWNtPQteZMIztT28g/ua1Muw1OrlQaYag+OdHvUxS1HSQCY2EAY6y7wjjRrhdKY+ZYRxdcqU2wjVeiQjj7QZP/hdJUK9sVWpH9fLO7iibIlkha2SD1Mgm2SEH5JAEhJNbck8eyKN35z15z97LZ2vBG80sk2/wXj8AC+aeDA==</latexit><latexit sha1_base64="s4t9NLGSh7NmHv5FyXhWZ86OD/Q=">AAACE3icjVBNSwMxEM3Wr1q/Vj2KECyCp9L2Yj0IoiBCLwquCm0p2ezUDWaTJZlVy+LJ/+B/8KpXT+LVH+DNn2Jae1BR8MHA472ZZOaFqRQWq9U3rzA2PjE5VZwuzczOzS/4i0snVmeGQ8C11OYsZBakUBCgQAlnqQGWhBJOw4u9gX96CcYKrY6xn0InYedK9ARn6KSuv9pWWqgIFNJ9YSzSZpNibMDGWkalrl+uVapD0L9JmYxw2PXf25HmWeLe45JZ26pVU+zkzKDgEm5K7cxCyvgFO4eWo4olYDv58Iwbuu6UiPa0ceX2GapfJ3KWWNtPQteZMIztT28g/ua1Muw1OrlQaYag+OdHvUxS1HSQCY2EAY6y7wjjRrhdKY+ZYRxdcqU2wjVeiQjj7QZP/hdJUK9sVWpH9fLO7iibIlkha2SD1Mgm2SEH5JAEhJNbck8eyKN35z15z97LZ2vBG80sk2/wXj8AC+aeDA==</latexit><latexit sha1_base64="s4t9NLGSh7NmHv5FyXhWZ86OD/Q=">AAACE3icjVBNSwMxEM3Wr1q/Vj2KECyCp9L2Yj0IoiBCLwquCm0p2ezUDWaTJZlVy+LJ/+B/8KpXT+LVH+DNn2Jae1BR8MHA472ZZOaFqRQWq9U3rzA2PjE5VZwuzczOzS/4i0snVmeGQ8C11OYsZBakUBCgQAlnqQGWhBJOw4u9gX96CcYKrY6xn0InYedK9ARn6KSuv9pWWqgIFNJ9YSzSZpNibMDGWkalrl+uVapD0L9JmYxw2PXf25HmWeLe45JZ26pVU+zkzKDgEm5K7cxCyvgFO4eWo4olYDv58Iwbuu6UiPa0ceX2GapfJ3KWWNtPQteZMIztT28g/ua1Muw1OrlQaYag+OdHvUxS1HSQCY2EAY6y7wjjRrhdKY+ZYRxdcqU2wjVeiQjj7QZP/hdJUK9sVWpH9fLO7iibIlkha2SD1Mgm2SEH5JAEhJNbck8eyKN35z15z97LZ2vBG80sk2/wXj8AC+aeDA==</latexit><latexit sha1_base64="s4t9NLGSh7NmHv5FyXhWZ86OD/Q=">AAACE3icjVBNSwMxEM3Wr1q/Vj2KECyCp9L2Yj0IoiBCLwquCm0p2ezUDWaTJZlVy+LJ/+B/8KpXT+LVH+DNn2Jae1BR8MHA472ZZOaFqRQWq9U3rzA2PjE5VZwuzczOzS/4i0snVmeGQ8C11OYsZBakUBCgQAlnqQGWhBJOw4u9gX96CcYKrY6xn0InYedK9ARn6KSuv9pWWqgIFNJ9YSzSZpNibMDGWkalrl+uVapD0L9JmYxw2PXf25HmWeLe45JZ26pVU+zkzKDgEm5K7cxCyvgFO4eWo4olYDv58Iwbuu6UiPa0ceX2GapfJ3KWWNtPQteZMIztT28g/ua1Muw1OrlQaYag+OdHvUxS1HSQCY2EAY6y7wjjRrhdKY+ZYRxdcqU2wjVeiQjj7QZP/hdJUK9sVWpH9fLO7iibIlkha2SD1Mgm2SEH5JAEhJNbck8eyKN35z15z97LZ2vBG80sk2/wXj8AC+aeDA==</latexit> SU(2) and U(1) unify
<latexit sha1_base64="qmNapMUKK+eQf3ydYiU/nd5CZfA=">AAACGXicjVC7TsMwFHV4lvIqMLJYtEhlqZIulAGpgoWxCEIrtVHlOG5r1XEi+waIon4A/8A/sMLKhFiZ2PgU3McACCSOZOnonHPt6+PHgmuw7Xdrbn5hcWk5t5JfXVvf2CxsbV/pKFGUuTQSkWr5RDPBJXOBg2CtWDES+oI1/eHp2G9eM6V5JC8hjZkXkr7kPU4JGKlbKHZkxGXAJODShVuuHpQwkQEuuWXH0MRE07xJORV7Avw3KaIZGt3CRyeIaBKaW6kgWrcdOwYvIwo4FWyU7ySaxYQOSZ+1DZUkZNrLJp8Z4X2jBLgXKXPMVhP160RGQq3T0DfJkMBA//TG4m9eO4Fezcu4jBNgkk4f6iUCQ4THzeCAK0ZBpIYQqrjZFdMBUYSC6S/fAXYLNzyAwXGNhv+rxK1WjirOebVYP5l1k0O7aA+VkYMOUR2doQZyEUV36AE9oifr3nq2XqzXaXTOms3soG+w3j4BfiGd7Q==</latexit><latexit sha1_base64="qmNapMUKK+eQf3ydYiU/nd5CZfA=">AAACGXicjVC7TsMwFHV4lvIqMLJYtEhlqZIulAGpgoWxCEIrtVHlOG5r1XEi+waIon4A/8A/sMLKhFiZ2PgU3McACCSOZOnonHPt6+PHgmuw7Xdrbn5hcWk5t5JfXVvf2CxsbV/pKFGUuTQSkWr5RDPBJXOBg2CtWDES+oI1/eHp2G9eM6V5JC8hjZkXkr7kPU4JGKlbKHZkxGXAJODShVuuHpQwkQEuuWXH0MRE07xJORV7Avw3KaIZGt3CRyeIaBKaW6kgWrcdOwYvIwo4FWyU7ySaxYQOSZ+1DZUkZNrLJp8Z4X2jBLgXKXPMVhP160RGQq3T0DfJkMBA//TG4m9eO4Fezcu4jBNgkk4f6iUCQ4THzeCAK0ZBpIYQqrjZFdMBUYSC6S/fAXYLNzyAwXGNhv+rxK1WjirOebVYP5l1k0O7aA+VkYMOUR2doQZyEUV36AE9oifr3nq2XqzXaXTOms3soG+w3j4BfiGd7Q==</latexit><latexit sha1_base64="qmNapMUKK+eQf3ydYiU/nd5CZfA=">AAACGXicjVC7TsMwFHV4lvIqMLJYtEhlqZIulAGpgoWxCEIrtVHlOG5r1XEi+waIon4A/8A/sMLKhFiZ2PgU3McACCSOZOnonHPt6+PHgmuw7Xdrbn5hcWk5t5JfXVvf2CxsbV/pKFGUuTQSkWr5RDPBJXOBg2CtWDES+oI1/eHp2G9eM6V5JC8hjZkXkr7kPU4JGKlbKHZkxGXAJODShVuuHpQwkQEuuWXH0MRE07xJORV7Avw3KaIZGt3CRyeIaBKaW6kgWrcdOwYvIwo4FWyU7ySaxYQOSZ+1DZUkZNrLJp8Z4X2jBLgXKXPMVhP160RGQq3T0DfJkMBA//TG4m9eO4Fezcu4jBNgkk4f6iUCQ4THzeCAK0ZBpIYQqrjZFdMBUYSC6S/fAXYLNzyAwXGNhv+rxK1WjirOebVYP5l1k0O7aA+VkYMOUR2doQZyEUV36AE9oifr3nq2XqzXaXTOms3soG+w3j4BfiGd7Q==</latexit><latexit sha1_base64="qmNapMUKK+eQf3ydYiU/nd5CZfA=">AAACGXicjVC7TsMwFHV4lvIqMLJYtEhlqZIulAGpgoWxCEIrtVHlOG5r1XEi+waIon4A/8A/sMLKhFiZ2PgU3McACCSOZOnonHPt6+PHgmuw7Xdrbn5hcWk5t5JfXVvf2CxsbV/pKFGUuTQSkWr5RDPBJXOBg2CtWDES+oI1/eHp2G9eM6V5JC8hjZkXkr7kPU4JGKlbKHZkxGXAJODShVuuHpQwkQEuuWXH0MRE07xJORV7Avw3KaIZGt3CRyeIaBKaW6kgWrcdOwYvIwo4FWyU7ySaxYQOSZ+1DZUkZNrLJp8Z4X2jBLgXKXPMVhP160RGQq3T0DfJkMBA//TG4m9eO4Fezcu4jBNgkk4f6iUCQ4THzeCAK0ZBpIYQqrjZFdMBUYSC6S/fAXYLNzyAwXGNhv+rxK1WjirOebVYP5l1k0O7aA+VkYMOUR2doQZyEUV36AE9oifr3nq2XqzXaXTOms3soG+w3j4BfiGd7Q==</latexit>

Running of the normalised gauges and Yukawas for
the SU(3) GHU model, for 1/R = 5 TeV. The first
KK mode enters at tKK ⇠ 4.0, while the Unification
scale corresponds to t ⇠ 9.3.

<latexit sha1_base64="vg3WGNQ2Yq9K7CtSZBF2evIVf9c="></latexit><latexit sha1_base64="vg3WGNQ2Yq9K7CtSZBF2evIVf9c="></latexit><latexit sha1_base64="vg3WGNQ2Yq9K7CtSZBF2evIVf9c="></latexit><latexit sha1_base64="vg3WGNQ2Yq9K7CtSZBF2evIVf9c="></latexit>



Note that the value of the couplings at Unification:

g2 ⇠ 0.1

Number of KK modes below Unification:

nKK ⇠ mZRe10 ⇠ 400

Naive dimensional analysis cut-o↵:

⇤R ⇠ 8⇡

g2Unif

⇠ 2000

“top” Yukawa at the EW scale:

yt ⇠ 0.6
<latexit sha1_base64="fm4sgL3qwXdMarTLHW+VMeMdMPQ="></latexit><latexit sha1_base64="fm4sgL3qwXdMarTLHW+VMeMdMPQ="></latexit><latexit sha1_base64="fm4sgL3qwXdMarTLHW+VMeMdMPQ="></latexit><latexit sha1_base64="fm4sgL3qwXdMarTLHW+VMeMdMPQ="></latexit>



For gi = {g0 , g , gs}:

16⇡2 dgi
dt

= bSM
i g2i + (S(t)� 1) bGHU

i g3i

Encodes linear 5D runnings:

S(t) =

⇢
µR = mZRet for µ > 1/R
1 for mZ < µ < 1/R

<latexit sha1_base64="JSYXPztiCIdjVPRy8ZcIKMeTI1I="></latexit><latexit sha1_base64="JSYXPztiCIdjVPRy8ZcIKMeTI1I="></latexit><latexit sha1_base64="JSYXPztiCIdjVPRy8ZcIKMeTI1I="></latexit><latexit sha1_base64="JSYXPztiCIdjVPRy8ZcIKMeTI1I="></latexit>

bSM
i =


41

6
, �19

6
, �7

�

<latexit sha1_base64="xfhlULJ+rNBvg5OYdv+pyrYolJU="></latexit><latexit sha1_base64="xfhlULJ+rNBvg5OYdv+pyrYolJU="></latexit><latexit sha1_base64="xfhlULJ+rNBvg5OYdv+pyrYolJU="></latexit><latexit sha1_base64="xfhlULJ+rNBvg5OYdv+pyrYolJU="></latexit>

bGHU
i =


�17

6
, �17

2
, �17

2

�

<latexit sha1_base64="AP1WkWNsIBKTopalg2qljyokIF4="></latexit><latexit sha1_base64="AP1WkWNsIBKTopalg2qljyokIF4="></latexit><latexit sha1_base64="AP1WkWNsIBKTopalg2qljyokIF4="></latexit><latexit sha1_base64="AP1WkWNsIBKTopalg2qljyokIF4="></latexit>



Running of the Yukawa

Complication: it depends on other couplings

<latexit sha1_base64="KVuYAB7dbn5zOv5CrQ6Z1iFb0QQ=">AAACLnicjVDLSgNBEJyN7/iKevQyGARPIcnFKAhBLx4VjAayIczOdpIh81hmetUQ8iv+g//gVa/iQfToZzh5HFQULBhoqqqpnooSKRwWiy9BZmZ2bn5hcSm7vLK6tp7b2Lx0JrUcatxIY+sRcyCFhhoKlFBPLDAVSbiKeicj/eoarBNGX2A/gaZiHS3agjP0VCtXCbUROgaN9MQonzgRDqlAGkMCOnbUaGqwC5Zyk3qH7rgwzLZy+VKhOAb9e8iTKc5aufcwNjxVPopL5lyjVEywOWAWBZcwzIapg4TxHutAw4+aKXDNwfiHQ7rrmZi2jfXPnzpmv24MmHKuryLvVAy77qc2In/TGim2K82B0EmKoPkkqJ1KioaO6qKxsMBR9v3AuBX+Vsq7zDKOvtRsiHCLNyLG7lGFq/9VUisXDgql83K+ejztZpFskx2yR0pkn1TJKTkjNcLJHXkgj+QpuA+eg9fgbWLNBNOdLfINwccn6Dypdg==</latexit><latexit sha1_base64="KVuYAB7dbn5zOv5CrQ6Z1iFb0QQ=">AAACLnicjVDLSgNBEJyN7/iKevQyGARPIcnFKAhBLx4VjAayIczOdpIh81hmetUQ8iv+g//gVa/iQfToZzh5HFQULBhoqqqpnooSKRwWiy9BZmZ2bn5hcSm7vLK6tp7b2Lx0JrUcatxIY+sRcyCFhhoKlFBPLDAVSbiKeicj/eoarBNGX2A/gaZiHS3agjP0VCtXCbUROgaN9MQonzgRDqlAGkMCOnbUaGqwC5Zyk3qH7rgwzLZy+VKhOAb9e8iTKc5aufcwNjxVPopL5lyjVEywOWAWBZcwzIapg4TxHutAw4+aKXDNwfiHQ7rrmZi2jfXPnzpmv24MmHKuryLvVAy77qc2In/TGim2K82B0EmKoPkkqJ1KioaO6qKxsMBR9v3AuBX+Vsq7zDKOvtRsiHCLNyLG7lGFq/9VUisXDgql83K+ejztZpFskx2yR0pkn1TJKTkjNcLJHXkgj+QpuA+eg9fgbWLNBNOdLfINwccn6Dypdg==</latexit><latexit sha1_base64="KVuYAB7dbn5zOv5CrQ6Z1iFb0QQ=">AAACLnicjVDLSgNBEJyN7/iKevQyGARPIcnFKAhBLx4VjAayIczOdpIh81hmetUQ8iv+g//gVa/iQfToZzh5HFQULBhoqqqpnooSKRwWiy9BZmZ2bn5hcSm7vLK6tp7b2Lx0JrUcatxIY+sRcyCFhhoKlFBPLDAVSbiKeicj/eoarBNGX2A/gaZiHS3agjP0VCtXCbUROgaN9MQonzgRDqlAGkMCOnbUaGqwC5Zyk3qH7rgwzLZy+VKhOAb9e8iTKc5aufcwNjxVPopL5lyjVEywOWAWBZcwzIapg4TxHutAw4+aKXDNwfiHQ7rrmZi2jfXPnzpmv24MmHKuryLvVAy77qc2In/TGim2K82B0EmKoPkkqJ1KioaO6qKxsMBR9v3AuBX+Vsq7zDKOvtRsiHCLNyLG7lGFq/9VUisXDgql83K+ejztZpFskx2yR0pkn1TJKTkjNcLJHXkgj+QpuA+eg9fgbWLNBNOdLfINwccn6Dypdg==</latexit><latexit sha1_base64="KVuYAB7dbn5zOv5CrQ6Z1iFb0QQ=">AAACLnicjVDLSgNBEJyN7/iKevQyGARPIcnFKAhBLx4VjAayIczOdpIh81hmetUQ8iv+g//gVa/iQfToZzh5HFQULBhoqqqpnooSKRwWiy9BZmZ2bn5hcSm7vLK6tp7b2Lx0JrUcatxIY+sRcyCFhhoKlFBPLDAVSbiKeicj/eoarBNGX2A/gaZiHS3agjP0VCtXCbUROgaN9MQonzgRDqlAGkMCOnbUaGqwC5Zyk3qH7rgwzLZy+VKhOAb9e8iTKc5aufcwNjxVPopL5lyjVEywOWAWBZcwzIapg4TxHutAw4+aKXDNwfiHQ7rrmZi2jfXPnzpmv24MmHKuryLvVAy77qc2In/TGim2K82B0EmKoPkkqJ1KioaO6qKxsMBR9v3AuBX+Vsq7zDKOvtRsiHCLNyLG7lGFq/9VUisXDgql83K+ejztZpFskx2yR0pkn1TJKTkjNcLJHXkgj+QpuA+eg9fgbWLNBNOdLfINwccn6Dypdg==</latexit>

H
<latexit sha1_base64="+JD6Sqrb2QCqPZuD908QIbSRdBY=">AAAB93icjVA9SwNBEN3zM8avqKXNYiJYhUsaYyEEbVJG9EwgOcLe3l6yZHfv2J1T45GfYKutldj6c+z8KW4+ChUFHww83pthZl6QCG7Add+dhcWl5ZXV3Fp+fWNza7uws3tt4lRT5tFYxLodEMMEV8wDDoK1E82IDARrBcPzid+6YdrwWF3BKGG+JH3FI04JWOmy1Cj1CsVK2Z0C/02KaI5mr/DRDWOaSqaACmJMp+Im4GdEA6eCjfPd1LCE0CHps46likhm/Gx66hgfWiXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPMzrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOnku8Du4JaHMDitUfm/SLxq+aRcuagW62fzbHJoHx2gI1RBx6iOGqiJPERRHz2gR/Tk3DvPzovzOmtdcOYze+gbnLdPikWS1w==</latexit><latexit sha1_base64="+JD6Sqrb2QCqPZuD908QIbSRdBY=">AAAB93icjVA9SwNBEN3zM8avqKXNYiJYhUsaYyEEbVJG9EwgOcLe3l6yZHfv2J1T45GfYKutldj6c+z8KW4+ChUFHww83pthZl6QCG7Add+dhcWl5ZXV3Fp+fWNza7uws3tt4lRT5tFYxLodEMMEV8wDDoK1E82IDARrBcPzid+6YdrwWF3BKGG+JH3FI04JWOmy1Cj1CsVK2Z0C/02KaI5mr/DRDWOaSqaACmJMp+Im4GdEA6eCjfPd1LCE0CHps46likhm/Gx66hgfWiXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPMzrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOnku8Du4JaHMDitUfm/SLxq+aRcuagW62fzbHJoHx2gI1RBx6iOGqiJPERRHz2gR/Tk3DvPzovzOmtdcOYze+gbnLdPikWS1w==</latexit><latexit sha1_base64="+JD6Sqrb2QCqPZuD908QIbSRdBY=">AAAB93icjVA9SwNBEN3zM8avqKXNYiJYhUsaYyEEbVJG9EwgOcLe3l6yZHfv2J1T45GfYKutldj6c+z8KW4+ChUFHww83pthZl6QCG7Add+dhcWl5ZXV3Fp+fWNza7uws3tt4lRT5tFYxLodEMMEV8wDDoK1E82IDARrBcPzid+6YdrwWF3BKGG+JH3FI04JWOmy1Cj1CsVK2Z0C/02KaI5mr/DRDWOaSqaACmJMp+Im4GdEA6eCjfPd1LCE0CHps46likhm/Gx66hgfWiXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPMzrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOnku8Du4JaHMDitUfm/SLxq+aRcuagW62fzbHJoHx2gI1RBx6iOGqiJPERRHz2gR/Tk3DvPzovzOmtdcOYze+gbnLdPikWS1w==</latexit><latexit sha1_base64="+JD6Sqrb2QCqPZuD908QIbSRdBY=">AAAB93icjVA9SwNBEN3zM8avqKXNYiJYhUsaYyEEbVJG9EwgOcLe3l6yZHfv2J1T45GfYKutldj6c+z8KW4+ChUFHww83pthZl6QCG7Add+dhcWl5ZXV3Fp+fWNza7uws3tt4lRT5tFYxLodEMMEV8wDDoK1E82IDARrBcPzid+6YdrwWF3BKGG+JH3FI04JWOmy1Cj1CsVK2Z0C/02KaI5mr/DRDWOaSqaACmJMp+Im4GdEA6eCjfPd1LCE0CHps46likhm/Gx66hgfWiXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPMzrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOnku8Du4JaHMDitUfm/SLxq+aRcuagW62fzbHJoHx2gI1RBx6iOGqiJPERRHz2gR/Tk3DvPzovzOmtdcOYze+gbnLdPikWS1w==</latexit>

f
<latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit>

fn
<latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit>

fn
<latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit><latexit sha1_base64="ntEXwnP38xtXnIJLeD44BdMCLY8=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKtylMRZC0MYygmeE5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlhKrgB1313CguLS8srxdXS2vrG5lZ5e+fKJJmmzKeJSPR1SAwTXDEfOAh2nWpGZChYOxyeTfz2DdOGJ+oSRikLJOkrHnNKwEp+Ne6paq9c8WruFPhvUkFztHrlj26U0EwyBVQQYzqem0KQEw2cCjYudTPDUkKHpM86lioimQny6bFjfGCVCMeJtqUAT9WvEzmRxoxkaDslgYH56U3E37xOBnEjyLlKM2CKzhbFmcCQ4MnnOOKaURAjSwjV3N6K6YBoQsHmU+oCu4NbHsHgpEHl/yLx67XjmndRrzRP59kU0R7aR4fIQ0eoic5RC/mIIo4e0CN6cu6dZ+fFeZ21Fpz5zC76BuftE0bIk9Y=</latexit>

An
<latexit sha1_base64="nDT6TnHDyTU3VQUfmfBZoVhcu1I=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshamMZwTOB5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCobnE791w7ThsbqCUcJ8SfqKR5wSsJJXPu2pcq9YqlbcKfDfpITmaPaKH90wpqlkCqggxnSqbgJ+RjRwKti40E0NSwgdkj7rWKqIZMbPpseO8YFVQhzF2pYCPFW/TmREGjOSge2UBAbmpzcRf/M6KUR1P+MqSYEpOlsUpQJDjCef45BrRkGMLCFUc3srpgOiCQWbT6EL7A5ueQiDkzqV/4vEq1WOK9XLWqlxNs8mj/bQPjpEVXSEGugCNZGHKOLoAT2iJ+feeXZenNdZa86Zz+yib3DePgEMZJOx</latexit><latexit sha1_base64="nDT6TnHDyTU3VQUfmfBZoVhcu1I=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshamMZwTOB5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCobnE791w7ThsbqCUcJ8SfqKR5wSsJJXPu2pcq9YqlbcKfDfpITmaPaKH90wpqlkCqggxnSqbgJ+RjRwKti40E0NSwgdkj7rWKqIZMbPpseO8YFVQhzF2pYCPFW/TmREGjOSge2UBAbmpzcRf/M6KUR1P+MqSYEpOlsUpQJDjCef45BrRkGMLCFUc3srpgOiCQWbT6EL7A5ueQiDkzqV/4vEq1WOK9XLWqlxNs8mj/bQPjpEVXSEGugCNZGHKOLoAT2iJ+feeXZenNdZa86Zz+yib3DePgEMZJOx</latexit><latexit sha1_base64="nDT6TnHDyTU3VQUfmfBZoVhcu1I=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshamMZwTOB5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCobnE791w7ThsbqCUcJ8SfqKR5wSsJJXPu2pcq9YqlbcKfDfpITmaPaKH90wpqlkCqggxnSqbgJ+RjRwKti40E0NSwgdkj7rWKqIZMbPpseO8YFVQhzF2pYCPFW/TmREGjOSge2UBAbmpzcRf/M6KUR1P+MqSYEpOlsUpQJDjCef45BrRkGMLCFUc3srpgOiCQWbT6EL7A5ueQiDkzqV/4vEq1WOK9XLWqlxNs8mj/bQPjpEVXSEGugCNZGHKOLoAT2iJ+feeXZenNdZa86Zz+yib3DePgEMZJOx</latexit><latexit sha1_base64="nDT6TnHDyTU3VQUfmfBZoVhcu1I=">AAAB+XicjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshamMZwTOB5Ah7e3vJkt29Y3dODWd+g622VmLrr7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCobnE791w7ThsbqCUcJ8SfqKR5wSsJJXPu2pcq9YqlbcKfDfpITmaPaKH90wpqlkCqggxnSqbgJ+RjRwKti40E0NSwgdkj7rWKqIZMbPpseO8YFVQhzF2pYCPFW/TmREGjOSge2UBAbmpzcRf/M6KUR1P+MqSYEpOlsUpQJDjCef45BrRkGMLCFUc3srpgOiCQWbT6EL7A5ueQiDkzqV/4vEq1WOK9XLWqlxNs8mj/bQPjpEVXSEGugCNZGHKOLoAT2iJ+feeXZenNdZa86Zz+yib3DePgEMZJOx</latexit>

f
<latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit><latexit sha1_base64="UGPpWUM26f+pXzklu41wvUWLXZ0=">AAAB93icjVA9SwNBEN2LXzF+RS1tFhPBKlzSGAshaGMZ0TOB5Ah7e3vJkt29Y3dOjUd+gq22VmLrz7Hzp7j5KFQUfDDweG+GmXlBIrgB1313cguLS8sr+dXC2vrG5lZxe+faxKmmzKOxiHU7IIYJrpgHHARrJ5oRGQjWCoZnE791w7ThsbqCUcJ8SfqKR5wSsNJlOSr3iqVqxZ0C/01KaI5mr/jRDWOaSqaACmJMp+om4GdEA6eCjQvd1LCE0CHps46likhm/Gx66hgfWCXEUaxtKcBT9etERqQxIxnYTklgYH56E/E3r5NCVPczrpIUmKKzRVEqMMR48jcOuWYUxMgSQjW3t2I6IJpQsOkUusDu4JaHMDipU/m/SLxa5bhSvaiVGqfzbPJoD+2jQ1RFR6iBzlETeYiiPnpAj+jJuXeenRfnddaac+Yzu+gbnLdPuWGS9Q==</latexit>

We simplify by assuming that

couplings of the KK modes

follow the running of the

gauge/Yukawa couplings

<latexit sha1_base64="rYjXmn1tjqga39EmY8vraRN4nxs="></latexit><latexit sha1_base64="rYjXmn1tjqga39EmY8vraRN4nxs="></latexit><latexit sha1_base64="rYjXmn1tjqga39EmY8vraRN4nxs="></latexit><latexit sha1_base64="rYjXmn1tjqga39EmY8vraRN4nxs="></latexit>

16⇡2 dyt
dt

= �SM
t + (S(t)� 1)�GHU

t

�t = yt

"
cty

2
t +

X

i

dig
2
i

#

<latexit sha1_base64="J7Kh/Eovrkynn/3pj24mDSYgTQE="></latexit><latexit sha1_base64="J7Kh/Eovrkynn/3pj24mDSYgTQE="></latexit><latexit sha1_base64="J7Kh/Eovrkynn/3pj24mDSYgTQE="></latexit><latexit sha1_base64="J7Kh/Eovrkynn/3pj24mDSYgTQE="></latexit>



The numerical values are:

cSM
t = 9

2 dSM
i =

⇥
� 5

12 , �
9
4 , �8

⇤

cGHU
t = 21

2 dGHU
i =

⇥
� 35

24 , �
39
8 , �4

⇤
<latexit sha1_base64="o1IoX3BHFaXAmoKxOxTa+CYDWwY="></latexit><latexit sha1_base64="o1IoX3BHFaXAmoKxOxTa+CYDWwY="></latexit><latexit sha1_base64="o1IoX3BHFaXAmoKxOxTa+CYDWwY="></latexit><latexit sha1_base64="o1IoX3BHFaXAmoKxOxTa+CYDWwY="></latexit>

Imposing unification relations:

g0 =
p
3g , yt =

gp
2

�t =
�
�4g2 � 4g2s

� gp
2

<latexit sha1_base64="yugkq8o+Hcw8yja8dKWKdFBxf7s="></latexit><latexit sha1_base64="yugkq8o+Hcw8yja8dKWKdFBxf7s="></latexit><latexit sha1_base64="yugkq8o+Hcw8yja8dKWKdFBxf7s="></latexit><latexit sha1_base64="yugkq8o+Hcw8yja8dKWKdFBxf7s="></latexit>



Conclusions

• Gauge-Higgs Unification models have been
prematurely abandoned

• Running of the gauge and Yukawa couplings
needed to properly match the theory to the EW
scale

• We show in a SU(3) toy model that the tree
level tensions can be softened by the running

• More work needs to be done towards a realistic
model: Higgs mass?
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