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MOTIVATION 

No NP!
We know that there is new physics (NP) but it is not associated with scale 
For many years the common wisdom: Higgs hierarchy & DM => TeV NP

But LHC and direct searches (so far) fail to find this result 

Null results put pressure on the conventional symmetry based solution to the naturalness problem  



  

MOTIVATION
New ideas have been recently proposed to think about the hierarchy problem

eg: “Cosmic attractors”, “dynamical relaxation”, “N-naturalness”, “relating the weak-scale to the CC”, “inflating the Weak scale”, “sliding naturalness”, “weak scale as a trigger” etc. 

 Bottomline below: relaxion is axion-like-particle (ALP), described as scalar mixes \w Higgs, but with weird (shallow) potential & unknown mass

 We used relaxion as a concrete example (many of others contains light scalar)                       
[Graham, kaplan,  Rajendran 15]                                                              

[Flacke, Frugiuele, Fuchs, Gupta, Perez 16]

[AB, Kim, Matsedonskyi, Perez,  Safranova 20]

I will focus on the phenomenology part and not discuss about relaxion in the context of multiverse/anthropic (see e.g.                             for a discussion)

[ Choi, Im 16]

Guidice, Kehagias, Riotto 19

[Espinosa, Grojean, Panico,  Pomarol,  Pujolàs,  Servant 15]



๏ A dynamical amelioration of the Higgs hierarchy problem Add a scalar (relaxion) dependent mass term:
Add some potential of relaxion: V(ϕ) ⊃ c

Λ4
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Add a Higgs dependent “back reaction”, periodic potential for    : <latexit sha1_base64="bVlMVnhL+3/o36MdynhG0UAB10E=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJczOdrJDZh/MzAphycUP8Kqf4E28+id+gb/hbLIHk1jQUFR1093lJYIrbdvfVmltfWNzq7xd2dnd2z+oHh61VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98l/udJ5SKx9GjniTohnQU8SFnVOdSPwn4oFqz6/YMZJU4BalBgeag+tP3Y5aGGGkmqFI9x060m1GpORM4rfRThQllYzrCnqERDVG52ezWKTkzik+GsTQVaTJT/05kNFRqEnqmM6Q6UMteLv7n9VI9vHEzHiWpxojNFw1TQXRM8seJzyUyLSaGUCa5uZWwgErKtIlnYYsyTwXoTysmGWc5h1XSvqg7V3X74bLWuC0yKsMJnMI5OHANDbiHJrSAQQAv8Apv1rP1bn1Yn/PWklXMHMMCrK9f/66XHA==</latexit>
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2
b |H|2 cos(�/f)

The hierarchy problem: we need to understand why today <latexit sha1_base64="7j93IsNGNbLdBVRrVLy2O7Qnaz8="></latexit>
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For further use, consider the following toy model,  of a global U(1) sym’: 

µ2 < 0 ) trivial case:

H ! e
i✓
H(invariant under:                ,          ) � > 0

V (H)

H

Both Lagrangian & Higgs VEV (ground state) respect the symmetry,             .       

♦

hHi = 0

V (�)
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µ2(�) = 0

Add a scalar (relaxion) dependent mass term: <latexit sha1_base64="kmsgB5ccbGiMzsKb7daEs1nF0fs="></latexit>✓
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� rolls till µ2
H
(�) changes sign ) hHi 6= 0 ) stops rolling.
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For further use, consider the following toy model,  of a global U(1) sym’: 

Higgs VEV (ground state) breaks the symmetry,                       =>                .       
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(�) changes sign ) hHi 6= 0 ) stops rolling.
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For further use, consider the following toy model,  of a global U(1) sym’: 

Higgs VEV (ground state) breaks the symmetry,                       =>                .       

♦

hHi = v 6= 0

µ2 > 0 ) at present: V (H)

H

V (H)

H

mW,Z 6= 0
hHi = v 6= 0
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Relaxion stops rolling when:
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Relaxion Phenomenology 
IR degrees of Freedom is the Relaxion! 
Smallness of the Higgs mass               is due to dynamical relaxation in the early universe  <latexit sha1_base64="pcxfiswj9mVazUy4phBpfYibDEA=">AAACGHicbVDLSsNAFJ3UV62vqDvdDBbBVUmKosuiCC5cVLAPaNIwmUzaoZNJmJkUSij4HX6AW/0Ed+LWnV/gbzhts7CtBwYO59zDnXv8hFGpLOvbKKysrq1vFDdLW9s7u3vm/kFTxqnApIFjFou2jyRhlJOGooqRdiIIinxGWv7gZuK3hkRIGvNHNUqIG6EepyHFSGnJM4+GXuaICN62xt0qdBiDzr1OB6hb9cyyVbGmgMvEzkkZ5Kh75o8TxDiNCFeYISk7tpUoN0NCUczIuOSkkiQID1CPdDTlKCLSzaY3jOGpVgIYxkI/ruBU/ZvIUCTlKPL1ZIRUXy56E/E/r5Oq8MrNKE9SRTieLQpTBlUMJ4XAgAqCFRtpgrCg+q8Q95FAWOna5rZIfVSfBOOSbsZe7GGZNKsV+6JiPZyXa9d5R0VwDE7AGbDBJaiBO1AHDYDBE3gBr+DNeDbejQ/jczZaMPLMIZiD8fUL2JKfgQ==</latexit>

v2EW ⌧ ⇤2

For low energy phenomenology, we need to know, its mass and interaction with SM  
<latexit sha1_base64="VXu60WD2k/ApA4/flZ1kjef67d8="></latexit>

mIR . vEW(vEW/⇤)3/2

[AB, Kim, Matsedonskyi, Perez,  Safranova 20]

Due to the mixing with the Higgs the relaxion couples to the SM
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Vbr = µ
2
b |H|2 cos(�/f)Most of the information from(It is much more interesting, relaxion mass is also relaxed and because of that usual relation between mass and mixing angle does not apply ) [AB, Kim, Matsedonskyi, Perez,  Safranova 20]



OVERVIEW PLOT: 30 DECADE OPEN PARAMETER SPACE
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Figure 7. Updated parameter space for relaxion. The region between two solid green lines denotes
the parameter space for relaxion when it stops at the first minimum. The region between the black
solid lines represents the parameter space for relaxion when it stops at a generic minima (see the
discussion in Sec. 5.3). The region above the dashed green line represents super-Planckian decay
constant. The brown triangular region represents relaxion DM parameter space as discussed in [8].
The blue, light yellow, light brown, and the light black shaded regions on the top right corner
describe excluded parameter space from various collider collider experiments and astrophysical
considerations. These are discussed in more detail in Section 5.5 and in Fig. 4. The turquoise, light
orange, magenta, pink, and grey dashed shaded region represents constraints on sub- eV relaxion
scenario from various fifth force and clock-comparison experiments which has been discussed in
Section 5.6 and in Fig. 5. The purple shaded region is excluded by recent clock caparison test with
dynamic decoupling [10], while the darker yellow shaded region is excluded by Cesium clock-cavity
comparison test [74].
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‣  Universe cools down and the wiggles re-appear.Basic idea is similar to axion DM (but avoiding misalignment problem):
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Basic idea is similar to axion DM (but avoiding misalignment problem):
‣  If the relaxion is stopped, then it is not at the minimum and starts to oscillate = DM.
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Basic idea is similar to axion DM (but avoiding misalignment problem):
‣  Now the relaxion not at the minimum and start to oscillate = DM.

Relaxion DM

[AB, Kim, Perez 18]

Depending on how the relaxion is stoppedMinimal Model - Hubble frictionNon- minimal Model - Requires Dark Photon



Relaxion DM Parameter Space
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[AB, Madge, Banerjee, Perez, Ratzinger, Schwaller 21]

There are viable regions that requires coupling to dark photon to trap the relaxion The friction is obtained by significant late production of coherent, anisotropic, dark photon field that efficiently sources gravitational waves
Gravitational Wave Echo of Relaxion Trapping

The red and orange shaded regions are excluded by the indicated constraints or combinations thereof. Above the red solid line, the relaxion decay 
constant becomes super-Planckian. The grey dashed line encloses the min. Relaxion case. The prospective GW sensitivity of μAres (green) as well as 
SKA after an observation period of 5 years (turquoise) and 20 years (blue) is indicated by the respective coloured regions. In the purple coloured 
region, a sub-range of the viable reappearance temperatures can be excluded using current NANOGrav data from the 11-year data set. The regions 
bounded by the coloured dotted lines need super-Planckian decay constants to be probed by the respective experiment. The grey shaded region can 
reproduce our best-fit spectrum (at Tra ≥ 20 MeV) to the potential stochastic GW background seen in the recent NANOGrav data. 
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FIG. 1. Available parameter space for › = 100 (top), and for › = 10 (bottom). The red and orange shaded regions are
excluded by the indicated constraints or combinations thereof. Above the red solid line, the relaxion decay constant becomes
super-Planckian. The grey dashed line encloses the parameter space in which relaxation can be realized without dark photon
friction, which is discussed in more details in Appendix A. The prospective GW sensitivity of µAres (green) as well as SKA after
an observation period of 5 years (turquoise) and 20 years (blue) is indicated by the respective coloured regions. In the purple
coloured region, a sub-range of the viable reappearance temperatures can be excluded using current NANOGrav data from the
11-year data set. The regions bounded by the coloured dotted lines need super-Planckian decay constants to be probed by the
respective experiment. In the lower panel, the grey shaded region can reproduce our best-fit spectrum (at Tra ≥ 20 MeV) to
the potential stochastic GW background seen in the recent NANOGrav data.

and the relaxion-Higgs mixing angle can then be written
as [7, 9]
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in terms of the theory parameters. Here, mh = 125 GeV
is the Higgs mass.

A. Relaxion and dark photon evolution

After reheating, the EW symmetry will be restored due
to thermal corrections to the potential, provided that the
reheating temperature is above the EW phase transition
temperature. As a consequence, the relaxion will start

rolling again, leading to exponential production of dark
photon modes. To see the interplay, the coupled di�er-
ential equations describing the evolution of the spatially
homogeneous relaxion and the dark photon modes are
given by
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Õ)X⁄(k, ·) = 0 , (8)
where ◊ = „/f„, and primes denote derivatives with re-
spect to conformal time · with a d· = dt. We have
written the dark photon in terms of its Fourier modes
X⁄(k, ·) in Coulomb gauge, Ò · X = 0, as

X̂(x, ·) =
⁄

d
3
k

(2fi)3
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⁄=±
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Relaxion DM Parameter Space

[AB, Madge, Banerjee, Perez, Ratzinger, Schwaller 21]
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darker shaded parts enclosed by dotted lines are accessible for all valid Tra.
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Here, hij denotes the gravitational wave metric perturba-
tions and the dot indicates the derivative with respect to
cosmic time t. Switching to conformal time · , dt = a d· ,
where a is the scale factor of the Universe, the metric
reads
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During radiation domination, the Einstein equations in
the linear regime for the metric perturbations in momen-
tum space using transverse-traceless gauge become
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where k = |k| is the comoving wave number. The
anisotropic stress tensor �ij relates to the energy-
momentum tensor Tij , via �ij(k, ·) = �ab
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is the projector that extracts the transverse and trace-
less part [1]. The equations of motion are then solved by
(by neglecting the a

ÕÕ term which vanishes in a radiation
dominated universe i.e. for a Ã ·)

ĥij(k, ·) = 2
M

2
Pl

⁄
·

d·
Õ a(· Õ)

a(·) �̂ij(k, ·) G(k, ·, ·
Õ) , (31)

where G(k, ·, ·
Õ) = sin[k(· ≠ ·

Õ)]/k is the causal Green’s
function. For notational convenience, we have denoted
the operator from of any quantity Q by Q̂.

A. Gravitational wave production

The gravitational wave energy density per logarith-
mic interval in the comoving momentum k of a generic
stochastic source at conformal time · is given by [1]
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where ·i is the time at which the gravitational
wave source starts operating and �2(k, ·

Õ
, ·

ÕÕ)
is the unequal time correlator (UTC) defined as
È0|�̂ab(k, ·)�̂ú

ab
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In our case, the gravitational waves are generated
between reheating and reappearance, hence ·i = ·rh and
· Æ ·ra. As the gravitational waves produced before
the relaxion reaches its terminal velocity will however
be subdominant, we can take ·i = ·pp, so that to first
approximation the gravitational wave signature becomes
independent of the temperature to which the Universe
was reheated.

The dark-photon anisotropic stress sourcing the gravi-
tational waves can be written in terms of the dark electric
and magnetic fields as
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Focusing on the dominant modes which have com-
pleted their phase of maximal tachyonic growth,

minimal relaxion DM

relaxion DM 
\w friction

[AB, Kim, Perez 18]
The black solid line encompass the DM relaxion parameter space. The coloured regions inside the viable DM space can be probed via GWs in µAres (green) or SKA (blue/turquoise). The light shading and solid lines indicate points that can be probed for a subrange of reappearance temperatures, whereas the darker shaded parts enclosed by dotted lines are accessible for all valid Tra. 



Relaxion has scalar interaction with the SM

Search for relaxion (scalar) DM 
Coherently oscillating relaxion can be a viable DM candidate in the mass range  
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How to search for relaxion (scalar) DM ? 



Search for Sub-eV Scalar Dark Matter (DM) 
Scalar oscillation leads to profound implications:    Practically all constants of nature now oscillate at the frequency equal to its mass
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atomic and nuclear clocks, gravitational wave detectors…. denoted as Direct Dark Matter (DDM) searchesCan be searched in experiments which are looking for Direct time-varying constants
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dmf ,↵,gs , sin ✓h�For relaxion we can express bounds (relaxion-Higgs mixing angle)

[ For dilaton DM: Arvanitaki, Huang, Van Tilburg 15][CF early literature: Damour, Polyakov 94; Barrow 99]



DDM Searches: Strategy and Reach
[ Antypas, Budker, Flambaum, Kozlov, Perez, Ye 20]

General: find 2 systems with different dependence on the Fundamental Constants
 [Safronova, Budker, DeMille, Kimball, Derevianko, Clark 18]
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The Equivalence Principle (EP) violation tests
EP violation tests measures differential acceleration between two test bodies in the presence of a source
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gi 2 (↵,↵s,me,mq)

<latexit sha1_base64="KVNnh0IrAfWb94JEqxe82kTqUcg=">AAACKnicbVDdSsMwGE3n35x/VS+9CQ7BizFbUfRGGHrjjTDBucFaSpqmW1ialiQVRtlL+Bw+gLf6CN4NbwVfw3Qr4jYPBE7O+b58+Y6fMCqVZY2N0tLyyupaeb2ysbm1vWPu7j3KOBWYtHDMYtHxkSSMctJSVDHSSQRBkc9I2x/c5H77iQhJY/6ghglxI9TjNKQYKS15Zi3w6NWdlzkigk02cmpOgoSiiDmMw55HT37vSZ96ZtWqWxPARWIXpAoKND3z2wlinEaEK8yQlF3bSpSb5S9iRkYVJ5UkQXiAeqSrKUcRkW422WoEj7QSwDAW+nAFJ+rfjgxFUg4jX1dGSPXlvJeL/3ndVIWXbkZ5kirC8XRQmDKoYphHBAMqCFZsqAnCguq/QtxHAmGlg5yZIvVSfRKMKjoZez6HRfJ4WrfP69b9WbVxXWRUBgfgEBwDG1yABrgFTdACGDyDV/AG3o0X48MYG5/T0pJR9OyDGRhfP4hmp88=</latexit>

di = MPl @ ln gi/@�

Examples: Microscope experiment (Pt alloy vs Ti alloy), comparing two test bodies Be-Ti, Cu-Pb, Be-Al,…



EP violation tests put strong constraint! 
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Fifth force

[AB, Kim, Matsedonskyi, Perez, Safranova 20]

<latexit sha1_base64="Oi/XZmGufAtvE6m3TKU8w1fd9Yo=">AAACBXicdVDLSgMxFM34rPVVdekmWARXY6ZTW5dFEVxWsA9ph5LJpG1oMjMkGaEMXfsBbvUT3Ilbv8Mv8DdMpxWs6IELh3Pu5d5z/ZgzpRH6sJaWV1bX1nMb+c2t7Z3dwt5+U0WJJLRBIh7Jto8V5SykDc00p+1YUix8Tlv+6HLqt+6pVCwKb/U4pp7Ag5D1GcHaSHdpVwp4elWf9ApFZKNqyXHLENlupeRWKhlxXVSGjo0yFMEc9V7hsxtEJBE01IRjpToOirWXYqkZ4XSS7yaKxpiM8IB2DA2xoMpLs4Mn8NgoAexH0lSoYab+nEixUGosfNMpsB6q395U/MvrJLp/7qUsjBNNQzJb1E841BGcpocBk5RoPjYEE8nMrZAMscREmx8tbFEm1JAGk7z5zHd8+D9plmznzEY35WLtYv6jHDgER+AEOKAKauAa1EEDECDAI3gCz9aD9WK9Wm+z1iVrPnMAFmC9fwF+UZkG</latexit>

/EP

DDM



Complementarity b/w EP tests and DDM Searches
<latexit sha1_base64="27anLhRWPHh4gc3TOKHRpR7X608="></latexit>

⌘AB
EP / (�Q)AB

i di ⇥Qsource
j dj

<latexit sha1_base64="cO6kh0KbOgBjDCi6RGrcHPGus98=">AAACL3icbVDLSsQwFE19O75GXboJDoKrsRVFN4LoxqWCMw5Mx3Kb3s4E07QkqTCUfoff4Qe41U8QN+JO/Aszj4WOHgicnHNvbu4JM8G1cd03Z2p6ZnZufmGxsrS8srpWXd9o6jRXDBssFalqhaBRcIkNw43AVqYQklDgTXh3PvBv7lFpnspr08+wk0BX8pgzMFYKqp5vuIiwuCpvCygDTk+on4EyHIQvJI0D2Pt57wY8qNbcujsE/Uu8MamRMS6D6qcfpSxPUBomQOu252amUwweZQLLip9rzIDdQRfblkpIUHeK4Wol3bFKRONU2SMNHao/OwpItO4noa1MwPT0pDcQ//PauYmPOwWXWW5QstGgOBfUpHSQE424QmZE3xJgitu/UtYDBczYNH9N0XapHkZlxSbjTebwlzT3695h3b06qJ2ejTNaIFtkm+wSjxyRU3JBLkmDMPJAnsgzeXEenVfn3fkYlU45455N8gvO1zewSqnn</latexit>

Q̃a
i = @ ln fa/@ ln giDDM searches

EP violation tests
5 dimensional vector space of couplings

Example: Microscope expt constraints <latexit sha1_base64="3Crwb9eedA43q2TviJMWb4Ft/Bk="></latexit>

(� ~Q)Mic ⇠ 10�3(�1.94 , 0.03 , 0.8 , �2.61 , �0.19)

Clock cavity comparison test constraints <latexit sha1_base64="E3TVFFWOl9zDkHMO/Vl+t7lz07g="></latexit>

(� ~̃Q)cc = (1 , 0 , 0 , 0 , 0)
<latexit sha1_base64="oDoSLuztp+LMJssl7G1j8a8oil4="></latexit>

(� ~̃Q)cc = (2 , 1 , 0 , 0 , 0)

EP tests and DDM searches constraint different linear combinations of couplings

<latexit sha1_base64="yzSPgPry9SdSzPg0WlKT+myUJck="></latexit>

�(f1/f2)

(f1/f2)
=

�f1
f1

� �f2
f2

= (�Q̃)12i di
�

MPl

<latexit sha1_base64="HNzKCqql8pqm2G8+eAqs9QCbZWU="></latexit>

Le↵ � � �

MPl

0

@
X

f=e,u,d

dmfmf f̄f +
d↵
4
FF +

dgs�(gs)

2gs
GG

1

A

<latexit sha1_base64="nNGzaOF5+bXK6yizVp0T1IlbFME="></latexit>

~X = (X↵, Xme , Xgs , Xm̂, X�m)
<latexit sha1_base64="JEQtGW52WCXALVN0q6+JDzzgulM="></latexit>

m̂, �m/2 ⌘ (mu ±md)/2



Complementarity b/w EP tests and DDM Searches
EP tests and DDM searches constraint different linear combinations of couplings

We can find a direction which would be orthogonal to 4 EP tests
For four leading EP tests, orthogonal direction

Models of light scalar DM with coupling direction defined according to          would not be constrained by these four leading EP bounds. <latexit sha1_base64="DThvLIG66iHSBlKxdCHuuwWFue0=">AAACIXicbVBLSgNBFOzxG+Mv6tJNYxBchRlRdBkUxGUC5gOZMfT0vCRNej50vwmEIQfwHB7ArR7BnbgTD+A17HwWJrGgoaiqx+tXfiKFRtv+slZW19Y3NnNb+e2d3b39wsFhXcep4lDjsYxV02capIighgIlNBMFLPQlNPz+7dhvDEBpEUcPOEzAC1k3Eh3BGRqpXSi6PYa02s5cFdK7VMrRo5uASlwexEjdAXAamJRdsiegy8SZkSKZodIu/LhBzNMQIuSSad1y7AS9jCkUXMIo76YaEsb7rAstQyMWgvayyTEjemqUgHZiZV6EdKL+nchYqPUw9E0yZNjTi95Y/M9rpdi59jIRJSlCxKeLOqmkGNNxMzQQCjjKoSGMK2H+SnmPKcbR9De3RZujehCM8qYZZ7GHZVI/LzmXJbt6USzfzDrKkWNyQs6IQ65ImdyTCqkRTp7IC3klb9az9W59WJ/T6Io1mzkic7C+fwEPm6Pq</latexit>

Q̂?
Full · ~d

[Tretiak, Zhang, Figueroa, Antypas, Brogna, AB, Perez, Budker work in progress]
[Oswald, Nevsky, Vogt, Schiller, Figuerora, Zhang, Tretiak, Antypas, Budker, AB, Perez arXiv:2111.06883]



Complementarity b/w EP tests and DDM Searches
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CONCLUSIONS
➤ Null results call for new theories (e.g. relaxion) and diverse experimental approaches 
➤ Relaxion DM (scalar DM) can be probed by spectroscopy 
➤ It is possible to bypass the EP tests constraints on scalar DM parameter space
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RELAXION MASS AND MIXING ANGLE
m2

ϕ ∼ ∂2
ϕVbr(ϕ, h) ∼ μ2

bv2
EW

f 2 cos ϕ0
f

sin θhϕ ∼ ∂ϕ∂hVbr(ϕ, h)/v2
EW ∼ μ2

b

fvEW
sin ϕ0

f

<latexit sha1_base64="s3dmkGkf8awGwcgym8jEvHZBQZQ="></latexit>

Vbr = µ2
b|h|2 cos(�/f)Relaxion massMixing angle



RELAXION MASS AND MIXING ANGLE
m2

ϕ ∼ ∂2
ϕVbr(ϕ, h) ∼ μ2

bv2
EW

f 2 cos ϕ0
f

sin θhϕ ∼ ∂ϕ∂hVbr(ϕ, h)/v2
EW ∼ μ2

b

fvEW
sin ϕ0

f

<latexit sha1_base64="s3dmkGkf8awGwcgym8jEvHZBQZQ="></latexit>

Vbr = µ2
b|h|2 cos(�/f)Relaxion massMixing angle

Due to the mixing with the Higgs the relaxion couples to the SM

Le↵ � � sin ✓h�
�

v

0

@
X

f

mf f̄f � c��
↵

4⇡
Fµ⌫F

µ⌫ � cg�
↵s

4⇡
Gaµ⌫G

aµ⌫

1

A

<latexit sha1_base64="RDAFc5RBcu8WtrxQmO9DiMi2klQ="></latexit>
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f
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RELAXION MASS AND MIXING ANGLE
m2

ϕ ∼ ∂2
ϕVbr(ϕ, h) ∼ μ2

bv2
EW

f 2 cos ϕ0
f

sin θhϕ ∼ ∂ϕ∂hVbr(ϕ, h)/v2
EW ∼ μ2

b

fvEW
sin ϕ0

f

∼ 1 Naive 
estimation

How well we understand the stopping point? 



RELAXION MASS AND MIXING ANGLE
m2

ϕ ∼ ∂2
ϕVbr(ϕ, h) ∼ μ2

bv2
EW

f 2 × μb

Λ

sin θhϕ ∼ ∂ϕ∂hVbr(ϕ, h)/v2
EW ∼ μ2

b

fvEW
sin ϕ0

f

The relaxion is also relaxed
<latexit sha1_base64="XFV29AS107UTKJiaQG1pp39rnmc=">AAACAXicdVDLSgMxFM3UV62vqks3wSK4Giat08eu6MZlBWsL7VAymUwbmskMSUYoQ1d+gFv9BHfi1i/xC/wN04dgRQ9cOJxzL/ee6yecKe04H1ZubX1jcyu/XdjZ3ds/KB4e3ak4lYS2Scxj2fWxopwJ2tZMc9pNJMWRz2nHH1/N/M49lYrF4lZPEupFeChYyAjWRmr3OYdoUCw5dqNRc1EVOnalXi+7yBBUcSpuFSLbmaMElmgNip/9ICZpRIUmHCvVQ06ivQxLzQin00I/VTTBZIyHtGeowBFVXjY/dgrPjBLAMJamhIZz9edEhiOlJpFvOiOsR+q3NxP/8nqpDutexkSSairIYlGYcqhjOEsOAyYp0XxiCCaSmVshGWGJiTb/WdmiTKgRDaYF85nv+PB/cle2kWs7Nxel5uXyR3lwAk7BOUCgBprgGrRAGxDAwCN4As/Wg/VivVpvi9actZw5Biuw3r8AfdaXYA==</latexit>⌧ 1



Relaxion stops when 

HOW IS RELAXION RELAXED ?
<latexit sha1_base64="I0qXoGSGCM/QYRVT0sBGjd98qN4="></latexit>

v2(�) =

(
0 when � < fe↵
> 0 when � > fe↵

<latexit sha1_base64="3lfVteLz5dz3FgPfgiAUe+ctVuk="></latexit>

V (�, h) =

✓
⇤2 � ⇤2 �

fe↵

◆
|h|2 � ⇤4

fe↵
�� µ2

b |h|2 cos(�/f)

<latexit sha1_base64="dC5p6M1pQBxDtN/hbA9xAN73FqM=">AAACB3icbVDLSsNAFL3xWeur6tLNYBFclUQUXZa6cVnBPqAJZTKZpEMnmTAzEUrIB/gBbvUT3IlbP8Mv8DectlnY1gMXDufcy733+ClnStv2t7W2vrG5tV3Zqe7u7R8c1o6Ou0pkktAOEVzIvo8V5SyhHc00p/1UUhz7nPb88d3U7z1RqZhIHvUkpV6Mo4SFjGBtpIHbYlGUI7dAxbBWtxv2DGiVOCWpQ4n2sPbjBoJkMU004VipgWOn2sux1IxwWlTdTNEUkzGO6MDQBMdUefns5AKdGyVAoZCmEo1m6t+JHMdKTWLfdMZYj9SyNxX/8waZDm+9nCVppmlC5ovCjCMt0PR/FDBJieYTQzCRzNyKyAhLTLRJaWGLMk+NaFBUTTLOcg6rpHvZcK4b9sNVvdkqM6rAKZzBBThwA024hzZ0gICAF3iFN+vZerc+rM9565pVzpzAAqyvX7rjmas=</latexit>

)

<latexit sha1_base64="foFWAfTwjftvwC4XuymMj786k6c=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF24ptKJPJpB06MwkzE6GE7P0At/oJ7sStv+EX+BtO2yxs64ELh3Pu5d57goQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TRWiLxDxWDwHWlDNJW4YZTh8SRbEIOO0Eo5uJ33miSrNY3ptxQn2BB5JFjGBjpcd2P+spgQKV96s1t+5OgZaJV5AaFGj2qz+9MCapoNIQjrXuem5i/AwrwwineaWXappgMsID2rVUYkG1n00vztGJVUIUxcqWNGiq/p3IsNB6LALbKbAZ6kVvIv7ndVMTXfkZk0lqqCSzRVHKkYnR5H0UMkWJ4WNLMFHM3orIECtMjA1pbou2Tw1pmFdsMt5iDsukfVb3Luru3XmtcV1kVIYjOIZT8OASGnALTWgBAQkv8ApvzrPz7nw4n7PWklPMHMIcnK9fg2OZlw==</latexit>

Vbr
<latexit sha1_base64="lggVLQzBiy3deoM86dGGXsIhoV0=">AAACCHicbVBLSgNBEK2Jvxh/UZduGoPgKsyIosugG5cRzAcyQ+jp6Uma9HQP3T1CGHIBD+BWj+BO3HoLT+A17CSzMIkPCh7vVVFVL0w508Z1v53S2vrG5lZ5u7Kzu7d/UD08amuZKUJbRHKpuiHWlDNBW4YZTrupojgJOe2Eo7up33miSjMpHs04pUGCB4LFjGBjJb/dz32VICU5n/SrNbfuzoBWiVeQGhRo9qs/fiRJllBhCMda9zw3NUGOlWGE00nFzzRNMRnhAe1ZKnBCdZDPbp6gM6tEKJbKljBopv6dyHGi9TgJbWeCzVAve1PxP6+XmfgmyJlIM0MFmS+KM46MRNMAUMQUJYaPLcFEMXsrIkOsMDE2poUt2j41pNGkYpPxlnNYJe2LundVdx8ua43bIqMynMApnIMH19CAe2hCCwik8AKv8OY8O+/Oh/M5by05xcwxLMD5+gVDr5qQ</latexit>

Vroll

<latexit sha1_base64="sLIA5X9AfQIHm1PP7DPoakH5mQ4=">AAACBXicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFnqxmUF+5AmlMnkph06mYSZiVBC1n6AW/0Ed+LW7/AL/A2nbRa29cCFwzn3cu89fsKZ0rb9bZXW1jc2t8rblZ3dvf2D6uFRR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj26nffQKpWCwe9CQBLyJDwUJGiTbSo9tkw8zNcT6o1uy6PQNeJU5BaqhAa1D9cYOYphEITTlRqu/YifYyIjWjHPKKmypICB2TIfQNFSQC5WWzg3N8ZpQAh7E0JTSeqX8nMhIpNYl80xkRPVLL3lT8z+unOrzxMiaSVIOg80VhyrGO8fR7HDAJVPOJIYRKZm7FdEQkodpktLBFmadGEOQVk4yznMMq6VzUnau6fX9ZazSLjMroBJ2ic+Sga9RAd6iF2oiiCL2gV/RmPVvv1of1OW8tWcXMMVqA9fULktCZEA==</latexit>

o

<latexit sha1_base64="8L3y5EisTCxwTwHuLCSIq3/L6R0="></latexit>

0 = V 0
roll + V 0

br = � ⇤4

fe↵
+

µ2
b |h|2

f
sin(�/f)

Stopping point determines the EW scale:
<latexit sha1_base64="OX6g6/heWt/3MmgSzFO2Oamk2lE="></latexit>

⇤4

fe↵
=

µ2
bv

2
EW

f



Relaxion stopping point determines the EW scale 

Higgs mass is !nely scanned 

HOW IS RELAXION RELAXED ?

Potential height increases incrementally and relaxion stops at the 
shallow part of the potential 

<latexit sha1_base64="I0qXoGSGCM/QYRVT0sBGjd98qN4="></latexit>

v2(�) =

(
0 when � < fe↵
> 0 when � > fe↵

<latexit sha1_base64="3lfVteLz5dz3FgPfgiAUe+ctVuk="></latexit>

V (�, h) =

✓
⇤2 � ⇤2 �

fe↵

◆
|h|2 � ⇤4

fe↵
�� µ2

b |h|2 cos(�/f)

<latexit sha1_base64="dC5p6M1pQBxDtN/hbA9xAN73FqM=">AAACB3icbVDLSsNAFL3xWeur6tLNYBFclUQUXZa6cVnBPqAJZTKZpEMnmTAzEUrIB/gBbvUT3IlbP8Mv8DectlnY1gMXDufcy733+ClnStv2t7W2vrG5tV3Zqe7u7R8c1o6Ou0pkktAOEVzIvo8V5SyhHc00p/1UUhz7nPb88d3U7z1RqZhIHvUkpV6Mo4SFjGBtpIHbYlGUI7dAxbBWtxv2DGiVOCWpQ4n2sPbjBoJkMU004VipgWOn2sux1IxwWlTdTNEUkzGO6MDQBMdUefns5AKdGyVAoZCmEo1m6t+JHMdKTWLfdMZYj9SyNxX/8waZDm+9nCVppmlC5ovCjCMt0PR/FDBJieYTQzCRzNyKyAhLTLRJaWGLMk+NaFBUTTLOcg6rpHvZcK4b9sNVvdkqM6rAKZzBBThwA024hzZ0gICAF3iFN+vZerc+rM9565pVzpzAAqyvX7rjmas=</latexit>

)

<latexit sha1_base64="foFWAfTwjftvwC4XuymMj786k6c=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF24ptKJPJpB06MwkzE6GE7P0At/oJ7sStv+EX+BtO2yxs64ELh3Pu5d57goQzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TRWiLxDxWDwHWlDNJW4YZTh8SRbEIOO0Eo5uJ33miSrNY3ptxQn2BB5JFjGBjpcd2P+spgQKV96s1t+5OgZaJV5AaFGj2qz+9MCapoNIQjrXuem5i/AwrwwineaWXappgMsID2rVUYkG1n00vztGJVUIUxcqWNGiq/p3IsNB6LALbKbAZ6kVvIv7ndVMTXfkZk0lqqCSzRVHKkYnR5H0UMkWJ4WNLMFHM3orIECtMjA1pbou2Tw1pmFdsMt5iDsukfVb3Luru3XmtcV1kVIYjOIZT8OASGnALTWgBAQkv8ApvzrPz7nw4n7PWklPMHMIcnK9fg2OZlw==</latexit>

Vbr
<latexit sha1_base64="lggVLQzBiy3deoM86dGGXsIhoV0=">AAACCHicbVBLSgNBEK2Jvxh/UZduGoPgKsyIosugG5cRzAcyQ+jp6Uma9HQP3T1CGHIBD+BWj+BO3HoLT+A17CSzMIkPCh7vVVFVL0w508Z1v53S2vrG5lZ5u7Kzu7d/UD08amuZKUJbRHKpuiHWlDNBW4YZTrupojgJOe2Eo7up33miSjMpHs04pUGCB4LFjGBjJb/dz32VICU5n/SrNbfuzoBWiVeQGhRo9qs/fiRJllBhCMda9zw3NUGOlWGE00nFzzRNMRnhAe1ZKnBCdZDPbp6gM6tEKJbKljBopv6dyHGi9TgJbWeCzVAve1PxP6+XmfgmyJlIM0MFmS+KM46MRNMAUMQUJYaPLcFEMXsrIkOsMDE2poUt2j41pNGkYpPxlnNYJe2LundVdx8ua43bIqMynMApnIMH19CAe2hCCwik8AKv8OY8O+/Oh/M5by05xcwxLMD5+gVDr5qQ</latexit>

Vroll

<latexit sha1_base64="sLIA5X9AfQIHm1PP7DPoakH5mQ4=">AAACBXicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFnqxmUF+5AmlMnkph06mYSZiVBC1n6AW/0Ed+LW7/AL/A2nbRa29cCFwzn3cu89fsKZ0rb9bZXW1jc2t8rblZ3dvf2D6uFRR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj26nffQKpWCwe9CQBLyJDwUJGiTbSo9tkw8zNcT6o1uy6PQNeJU5BaqhAa1D9cYOYphEITTlRqu/YifYyIjWjHPKKmypICB2TIfQNFSQC5WWzg3N8ZpQAh7E0JTSeqX8nMhIpNYl80xkRPVLL3lT8z+unOrzxMiaSVIOg80VhyrGO8fR7HDAJVPOJIYRKZm7FdEQkodpktLBFmadGEOQVk4yznMMq6VzUnau6fX9ZazSLjMroBJ2ic+Sga9RAd6iF2oiiCL2gV/RmPVvv1of1OW8tWcXMMVqA9fULktCZEA==</latexit>

o

<latexit sha1_base64="OX6g6/heWt/3MmgSzFO2Oamk2lE="></latexit>

⇤4

fe↵
=

µ2
bv

2
EW

f

<latexit sha1_base64="HLhkcOcUVY4Z117Jw17RMB2hecM="></latexit>

for �� = 2⇡f ,
�v2

v2EW

⇠ ⇤2

fe↵

f

v2EW

⇠ µ2
b

⇤2
⌧ 1 resolution of the scanner
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|V 0
roll|

�
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V 0
br / (�� �?)
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�2|V 0
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<latexit sha1_base64="PMmkYORybx/8uU9LW/WeVwRNoDw=">AAACC3icbVDNSgMxGPy2/tX6V/XoJVgKnsquCOpBKHrxIlRwbaFdSjabbUOz2SXJFsvSV9Crvocn8epD+Bo+gWm7B9s6EBhmvi+ZjJ9wprRtf1uFldW19Y3iZmlre2d3r7x/8KjiVBLqkpjHsuVjRTkT1NVMc9pKJMWRz2nTH9xM/OaQSsVi8aBHCfUi3BMsZARrI7nh1V230S1X7Jo9BVomTk4qkMPM/3SCmKQRFZpwrFTbsRPtZVhqRjgdl6qdVNEEkwHu0bahAkdUedk07RhVjRKgMJbmCI2maunPRoYjpUaRbyYjrPtq0ZuI/3ntVIcXXsZEkmoqyOyhMOVIx2jydRQwSYnmI0MwkcyERaSPJSbaFDR3UzBkicpTP81im5KcxUqWiXtau6w592eV+nXeVhGO4BhOwIFzqMMtNMAFAgxe4BXerGfr3fqwPmejBSvfOYQ5WF+/nQ2b+g==</latexit><latexit sha1_base64="PMmkYORybx/8uU9LW/WeVwRNoDw=">AAACC3icbVDNSgMxGPy2/tX6V/XoJVgKnsquCOpBKHrxIlRwbaFdSjabbUOz2SXJFsvSV9Crvocn8epD+Bo+gWm7B9s6EBhmvi+ZjJ9wprRtf1uFldW19Y3iZmlre2d3r7x/8KjiVBLqkpjHsuVjRTkT1NVMc9pKJMWRz2nTH9xM/OaQSsVi8aBHCfUi3BMsZARrI7nh1V230S1X7Jo9BVomTk4qkMPM/3SCmKQRFZpwrFTbsRPtZVhqRjgdl6qdVNEEkwHu0bahAkdUedk07RhVjRKgMJbmCI2maunPRoYjpUaRbyYjrPtq0ZuI/3ntVIcXXsZEkmoqyOyhMOVIx2jydRQwSYnmI0MwkcyERaSPJSbaFDR3UzBkicpTP81im5KcxUqWiXtau6w592eV+nXeVhGO4BhOwIFzqMMtNMAFAgxe4BXerGfr3fqwPmejBSvfOYQ5WF+/nQ2b+g==</latexit><latexit sha1_base64="PMmkYORybx/8uU9LW/WeVwRNoDw=">AAACC3icbVDNSgMxGPy2/tX6V/XoJVgKnsquCOpBKHrxIlRwbaFdSjabbUOz2SXJFsvSV9Crvocn8epD+Bo+gWm7B9s6EBhmvi+ZjJ9wprRtf1uFldW19Y3iZmlre2d3r7x/8KjiVBLqkpjHsuVjRTkT1NVMc9pKJMWRz2nTH9xM/OaQSsVi8aBHCfUi3BMsZARrI7nh1V230S1X7Jo9BVomTk4qkMPM/3SCmKQRFZpwrFTbsRPtZVhqRjgdl6qdVNEEkwHu0bahAkdUedk07RhVjRKgMJbmCI2maunPRoYjpUaRbyYjrPtq0ZuI/3ntVIcXXsZEkmoqyOyhMOVIx2jydRQwSYnmI0MwkcyERaSPJSbaFDR3UzBkicpTP81im5KcxUqWiXtau6w592eV+nXeVhGO4BhOwIFzqMMtNMAFAgxe4BXerGfr3fqwPmejBSvfOYQ5WF+/nQ2b+g==</latexit><latexit sha1_base64="PMmkYORybx/8uU9LW/WeVwRNoDw=">AAACC3icbVDNSgMxGPy2/tX6V/XoJVgKnsquCOpBKHrxIlRwbaFdSjabbUOz2SXJFsvSV9Crvocn8epD+Bo+gWm7B9s6EBhmvi+ZjJ9wprRtf1uFldW19Y3iZmlre2d3r7x/8KjiVBLqkpjHsuVjRTkT1NVMc9pKJMWRz2nTH9xM/OaQSsVi8aBHCfUi3BMsZARrI7nh1V230S1X7Jo9BVomTk4qkMPM/3SCmKQRFZpwrFTbsRPtZVhqRjgdl6qdVNEEkwHu0bahAkdUedk07RhVjRKgMJbmCI2maunPRoYjpUaRbyYjrPtq0ZuI/3ntVIcXXsZEkmoqyOyhMOVIx2jydRQwSYnmI0MwkcyERaSPJSbaFDR3UzBkicpTP81im5KcxUqWiXtau6w592eV+nXeVhGO4BhOwIFzqMMtNMAFAgxe4BXerGfr3fqwPmejBSvfOYQ5WF+/nQ2b+g==</latexit><latexit sha1_base64="PMmkYORybx/8uU9LW/WeVwRNoDw=">AAACC3icbVDNSgMxGPy2/tX6V/XoJVgKnsquCOpBKHrxIlRwbaFdSjabbUOz2SXJFsvSV9Crvocn8epD+Bo+gWm7B9s6EBhmvi+ZjJ9wprRtf1uFldW19Y3iZmlre2d3r7x/8KjiVBLqkpjHsuVjRTkT1NVMc9pKJMWRz2nTH9xM/OaQSsVi8aBHCfUi3BMsZARrI7nh1V230S1X7Jo9BVomTk4qkMPM/3SCmKQRFZpwrFTbsRPtZVhqRjgdl6qdVNEEkwHu0bahAkdUedk07RhVjRKgMJbmCI2maunPRoYjpUaRbyYjrPtq0ZuI/3ntVIcXXsZEkmoqyOyhMOVIx2jydRQwSYnmI0MwkcyERaSPJSbaFDR3UzBkicpTP81im5KcxUqWiXtau6w592eV+nXeVhGO4BhOwIFzqMMtNMAFAgxe4BXerGfr3fqwPmejBSvfOYQ5WF+/nQ2b+g==</latexit>
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<latexit sha1_base64="cVhYUoPhTpS+hErtVqBsgTtppNc=">AAACIHicbVBNS8NAEN3Ur1q/ql4EL4ul4KkkIqgHoehBL2IFYwttKZvtpF262YTdTbGE+mf0qv/Dk3jUn+EvcNvmYFsHBh5v3sw8nhdxprRtf1mZhcWl5ZXsam5tfWNzK7+986DCWFJwachDWfOIAs4EuJppDrVIAgk8DlWvdzmaV/sgFQvFvR5E0AxIRzCfUaIN1crvNcY3klvO+nAlAcQQ++c3rUorX7BL9rjwPHBSUEBpGf1Pox3SOAChKSdK1R070s2ESM0oh2Gu2IgVRIT2SAfqBgoSgGom4/dDXDRMG/uhNC00HrO5PxsJCZQaBJ5RBkR31exsRP43q8faP20mTESxBkEnj/yYYx3iUR64zSRQzQcGECqZMYtpl0hCtUlt6lK7zyKVun6c2DYhObORzAP3qHRWcu6OC+WLNK0s2kcH6BA56ASV0TWqIBdR9IRe0Ct6s56td+vD+pxIM1a6s4umyvr+BZJZpGw=</latexit><latexit sha1_base64="cVhYUoPhTpS+hErtVqBsgTtppNc=">AAACIHicbVBNS8NAEN3Ur1q/ql4EL4ul4KkkIqgHoehBL2IFYwttKZvtpF262YTdTbGE+mf0qv/Dk3jUn+EvcNvmYFsHBh5v3sw8nhdxprRtf1mZhcWl5ZXsam5tfWNzK7+986DCWFJwachDWfOIAs4EuJppDrVIAgk8DlWvdzmaV/sgFQvFvR5E0AxIRzCfUaIN1crvNcY3klvO+nAlAcQQ++c3rUorX7BL9rjwPHBSUEBpGf1Pox3SOAChKSdK1R070s2ESM0oh2Gu2IgVRIT2SAfqBgoSgGom4/dDXDRMG/uhNC00HrO5PxsJCZQaBJ5RBkR31exsRP43q8faP20mTESxBkEnj/yYYx3iUR64zSRQzQcGECqZMYtpl0hCtUlt6lK7zyKVun6c2DYhObORzAP3qHRWcu6OC+WLNK0s2kcH6BA56ASV0TWqIBdR9IRe0Ct6s56td+vD+pxIM1a6s4umyvr+BZJZpGw=</latexit><latexit sha1_base64="cVhYUoPhTpS+hErtVqBsgTtppNc=">AAACIHicbVBNS8NAEN3Ur1q/ql4EL4ul4KkkIqgHoehBL2IFYwttKZvtpF262YTdTbGE+mf0qv/Dk3jUn+EvcNvmYFsHBh5v3sw8nhdxprRtf1mZhcWl5ZXsam5tfWNzK7+986DCWFJwachDWfOIAs4EuJppDrVIAgk8DlWvdzmaV/sgFQvFvR5E0AxIRzCfUaIN1crvNcY3klvO+nAlAcQQ++c3rUorX7BL9rjwPHBSUEBpGf1Pox3SOAChKSdK1R070s2ESM0oh2Gu2IgVRIT2SAfqBgoSgGom4/dDXDRMG/uhNC00HrO5PxsJCZQaBJ5RBkR31exsRP43q8faP20mTESxBkEnj/yYYx3iUR64zSRQzQcGECqZMYtpl0hCtUlt6lK7zyKVun6c2DYhObORzAP3qHRWcu6OC+WLNK0s2kcH6BA56ASV0TWqIBdR9IRe0Ct6s56td+vD+pxIM1a6s4umyvr+BZJZpGw=</latexit><latexit sha1_base64="cVhYUoPhTpS+hErtVqBsgTtppNc=">AAACIHicbVBNS8NAEN3Ur1q/ql4EL4ul4KkkIqgHoehBL2IFYwttKZvtpF262YTdTbGE+mf0qv/Dk3jUn+EvcNvmYFsHBh5v3sw8nhdxprRtf1mZhcWl5ZXsam5tfWNzK7+986DCWFJwachDWfOIAs4EuJppDrVIAgk8DlWvdzmaV/sgFQvFvR5E0AxIRzCfUaIN1crvNcY3klvO+nAlAcQQ++c3rUorX7BL9rjwPHBSUEBpGf1Pox3SOAChKSdK1R070s2ESM0oh2Gu2IgVRIT2SAfqBgoSgGom4/dDXDRMG/uhNC00HrO5PxsJCZQaBJ5RBkR31exsRP43q8faP20mTESxBkEnj/yYYx3iUR64zSRQzQcGECqZMYtpl0hCtUlt6lK7zyKVun6c2DYhObORzAP3qHRWcu6OC+WLNK0s2kcH6BA56ASV0TWqIBdR9IRe0Ct6s56td+vD+pxIM1a6s4umyvr+BZJZpGw=</latexit><latexit sha1_base64="cVhYUoPhTpS+hErtVqBsgTtppNc=">AAACIHicbVBNS8NAEN3Ur1q/ql4EL4ul4KkkIqgHoehBL2IFYwttKZvtpF262YTdTbGE+mf0qv/Dk3jUn+EvcNvmYFsHBh5v3sw8nhdxprRtf1mZhcWl5ZXsam5tfWNzK7+986DCWFJwachDWfOIAs4EuJppDrVIAgk8DlWvdzmaV/sgFQvFvR5E0AxIRzCfUaIN1crvNcY3klvO+nAlAcQQ++c3rUorX7BL9rjwPHBSUEBpGf1Pox3SOAChKSdK1R070s2ESM0oh2Gu2IgVRIT2SAfqBgoSgGom4/dDXDRMG/uhNC00HrO5PxsJCZQaBJ5RBkR31exsRP43q8faP20mTESxBkEnj/yYYx3iUR64zSRQzQcGECqZMYtpl0hCtUlt6lK7zyKVun6c2DYhObORzAP3qHRWcu6OC+WLNK0s2kcH6BA56ASV0TWqIBdR9IRe0Ct6s56td+vD+pxIM1a6s4umyvr+BZJZpGw=</latexit>

first minimum
RELAXION PARAMETER SPACE 



100 10210-14
10-12
10-10
10-8
10-6

O(103)

<latexit sha1_base64="TDf5ddFJyXf4jEnNPjvTuJsFU+U=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN0OmHWiXRTfurGBroR1LJs20oZkHSUYpYz/FjQtF3Pol7vwbM+0IKnogcDjnXu7J8WLOpELowyisrK6tbxQ3S1vbO7t7Znm/K6NEENohEY9Ez8OSchbSjmKK014sKA48Tq+96VnmX99SIVkUXqlZTN0Aj0PmM4KVloZmeRBgNSGYpxfzqo1u6idDs4IstABEVs1xUK2WkXqzgWxo51YF5GgPzffBKCJJQENFOJayb6NYuSkWihFO56VBImmMyRSPaV/TEAdUuuki+hwea2UE/UjoFyq4UL9vpDiQchZ4ejILKn97mfiX10+U33RTFsaJoiFZHvITDlUEsx7giAlKFJ9pgolgOiskEywwUbqtki7h66fwf9KtWbZjOZdOpXWa11EEh+AIVIENGqAFzkEbdAABd+ABPIFn4954NF6M1+Vowch3DsAPGG+fF3OTPw==</latexit>

ENHANCEMENT FACTOR


