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The Hierarchy Problem
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Observed: (125 GeV)2 Theory? (1019 GeV)2

Why?

Standard Model?
1947

Symmetry?
2010s

Relaxation?
2016s

Gravity?
2010s

Correct Quantum Hamiltonian?



Outline
1. Non-Linear Quantum Mechanics 

2. Equations of Motion 

3.  Hierarchy Problem 

4.  Conclusions 



Nonlinear Quantum Mechanics



Quantum Mechanics

Why should time evolution be linear?

Electron Coupled to Electromagnetism

Electron paths do not 
interact via 

electromagnetism

Paths of two electrons 
interact causally (QFT)

Why can’t path talk to itself?

No parameterized deviation from quantum algebra (i.e. quantized states)

Right Language: QFT



Quantum Mechanics
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Matrix on Vector - gives another vector
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Linear Quantum Mechanics

Non-Linearity

Causality - bake in using QFT



Linear Quantum Field Theory
Schrodinger Picture of Quantum Field Theory 

Quantum State of Fields 
(e.g. in Fock states)
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Time Evolution
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

<latexit sha1_base64="RtUwywXCNbo26D30QkUKjDPbcCQ="></latexit>

i
ω|ε (t)→

ωt
=

∫
d3x

(
!ω (x)

2 +↑iϑ↑iϑ+ · · ·+ ϖϑ (x) ”̄ (x)” (x)
)
|ε (t)→

Locality Baked In - all operators at same spatial point x



Non-Linear Quantum Field Theory
Schrodinger Picture of Quantum Field Theory 

Quantum State of Fields 
(e.g. in Fock states)
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Locality Baked In - all operators at same spatial point x
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100 years of quantum mechanics: how big is ε?



Single Particle 

Suppose we have a ψ particle - how does its wave-function evolve?

To zeroth order, ψ just sources the Φ field

Straightforward Computation of Expectation Value
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x
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Charge Density of ψ Causal Green’s Function
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Schrodinger Equation

Single particle equation derived from field theory  
Equation depends upon theory (Yukawa,  Φ4 etc)

Fixed Central particle 

Self interaction of wave-function breaks degeneracy 
of levels
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Constraints
What does this do to the Lamb Shift?

Proton at Fixed Location 

2S and 2P electron have different charge distribution 

Different expectation value of electromagnetic field 

Level Splitting!

BUT: Cannot decouple center of mass and relative co-ordinates 

Proton wave-function  spread over some region (e.g. trap size ~ 100 nm)  
Εxpectation value of electromagnetic field diluted 

In neutral atom - heavily suppressed, except at edges!  

ε < 10-2 

Similarly, kills possible bounds on QCD and gravity
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h�|Aµ|�iJµ

Key Point

Energy Depends on 
Entire Wave-

Function



Emergent “Linearity”

<U|φ|U> is non zero, but <M|φ|Μ> = 0 
Cannot undo small α - hide large ε  

For large β entirely dominated by |M> 

Local Exploitability completely determined by unchangeable initial conditions 
Stark Difference from Linear Quantum Mechanics 
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H → ωε!̄!+ ϑ↑ϖ|ε|ϖ↓!̄!

Want to measure ε 
Go create some φ and look for effect
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“EFT” with Operators and States

Low Energy Physics?

Low “Overlap” Physics?

Free QFT does not generate interactions, but…

Linear theory does not generate non-linearity, but…
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Emergent “Linearity”
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Do all effects of non-linear quantum mechanics vanish if α << 1?

Not if <M|φ|Μ> is non-zero

Two fields for which the expectation value is non-zero 
Gravity(<M|g|M> != 0) and the Higgs(<M|h|M> !=0)

Both are sources of huge hierarchy problems

Both Hamiltonians could be corrected by non-linear terms



The Classical Equations of Motion



The Classical Equations of Motion
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Where do these come from?
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

<latexit sha1_base64="vKTWRt14Y3R1YA4rppiW4NYUsGE="></latexit>

d→ω (t) |O|ω (t)↑
dt

= ↓i→ω (t) |[O,H]|ω (t)↑

Ehrenfest’s Theorem



The Classical Equations of Motion
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[x, p] = i
<latexit sha1_base64="gs3K4WFKyKL82HE1huNjNB1BU1U="></latexit>

d→x↑
dt

= ↓i→[x, p2

2m
]↑ = →p↑

m

<latexit sha1_base64="C9+f0Gox1FJuMAGfCTrAkbi1hfc="></latexit>

d→p↑
dt

= ↓i→[p, V (x)]↑ = ↓→ωV
ωx

↑

These identities are true for all quantum states

For very narrow (i.e. coherent) states, replace <V(x)> by V(<x>)
<latexit sha1_base64="JZ4HJDB3RnPuzEg8S4qrnVG1+NQ="></latexit>

d→p↑
dt

= ↓ωV (→x↑)
ω→x↑

<latexit sha1_base64="vemCsfgB7oy8NWU0lL0KmSuZr6A=">AAACI3icbZBNS8MwGMfT+TbnW9Wjl+AQPI1WZIogDL14nOBeYC0jTdMtLE1Lkoqj9Lt48at48aAMLx78LmZdFd18IPDn/3ueJM/fixmVyrI+jNLS8srqWnm9srG5tb1j7u61ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONrqe8c0+EpBG/U+OYuCEacBpQjJS2+uaFEwiEU99hiA8YgQ+OyEWW+iqDl3CGv2kMf3CY9c2qVbPygovCLkQVFNXsmxPHj3ASEq4wQ1L2bCtWboqEolhfWXESSWKER2hAelpyFBLppvmOGTzSjg+DSOjDFczd3xMpCqUch57uDJEaynk2Nf9jvUQF525KeZwowvHsoSBhUEVwGhj0qSBYsbEWCAuq/wrxEOlUlI61okOw51deFO2Tml2v1W9Pq42rIo4yOACH4BjY4Aw0wA1oghbA4BE8g1fwZjwZL8bEeJ+1loxiZh/8KePzC5qDpYA=</latexit>

d→x↑
dt

=
→p↑
m



Classical Field Theory

<latexit sha1_base64="wOY4dGbOeLqA+Q1F4KaFsCgvVX0=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykyR6kYouumygn1AZyiZNNOGZjIhyQhlmP9w46+4caGIK8GFf2OmHVBbDwROzrk3N/cEglGlHefLWlldW9/YLG2Vt3d29/btg8OOihOJSRvHLJa9ACnCKCdtTTUjPSEJigJGusHkJve790QqGvM7PRXEj9CI05BipI00sGveMNapJ8Y0g1fQCyXC5oakpojBZvbDPTGvEHRgV5yqMwNcJm5BKqBAa2B/mCE4iQjXmCGl+q4jtJ/mD2NGsrKXKCIQnqAR6RvKUUSUn852y+CpUYYwjKU5XMOZ+rsjRZFS0ygwlRHSY7Xo5eJ/Xj/R4aWfUi4STTieDwoTBnUM86DgkEqCNZsagrCk5q8Qj5HJR5s4yyYEd3HlZdKpVd16tX57XmlcF3GUwDE4AWfABRegAZqgBdoAgwfwBF7Aq/VoPVtv1vu8dMUqeo7AH1if39TPoUg=</latexit>

ω̇ =
εH

εϑ
= ϑ

<latexit sha1_base64="Npy/TWKZhK6rp6drUbziBd9oStk=">AAACSHicbVDLSgMxFM3UV62vUZdugkVwY5kpUt0IRTddVrAP6NRyJ820oZnMkGSEMvTz3Lh05ze4caGIO9NpQW29EDg5556bm+PHnCntOC9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9UJQzQRuaaU7bsaQQ+py2/NHNVG89UKlYJO70OKbdEAaCBYyANlTP7nn9SKdezCb4Cp95gQRibiA1A45rkx/sxcOsxxPgc7gvZ8SSo7no6NlFp+RkhZeBOwdFNK96z342G5EkpEITDkp1XCfW3XQ6k3A6KXiJojGQEQxox0ABIVXdNAtigk8M08dBJM0RGmfsb0cKoVLj0DedIeihWtSm5H9aJ9HBZTdlIk40FWT2UJBwrCM8TRX3maRE87EBQCQzu2IyBBONNtkXTAju4peXQbNcciulyu15sXo9jyOPjtAxOkUuukBVVEN11EAEPaJX9I4+rCfrzfq0vmatOWvuOUR/Kpf7BjBssqQ=</latexit>

ω̇ = →εH

εϑ
= ↑2

ϑ→ εV

εϑ

Where do these come from?
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

<latexit sha1_base64="vKTWRt14Y3R1YA4rppiW4NYUsGE="></latexit>

d→ω (t) |O|ω (t)↑
dt

= ↓i→ω (t) |[O,H]|ω (t)↑

<latexit sha1_base64="9CKMN5P1Nw8WCPkItHXpzMhasXg="></latexit>

H =

∫
d
3
x
1

2

(
ω
2 +→iε→i

ε
)
+ V (ε)



Classical Field Theory

<latexit sha1_base64="rcHF5bmCiLiW1BxWrzWJgnyNXfs=">AAACL3icbZBNS8NAEIY3ftb6FfXoZbGIFbQkIupFKAriUcGq0ISy2U7axc0HuxOxlP4jL/6VXkQU8eq/cFujaHVg4eV5Z5idN0il0Og4T9bY+MTk1HRhpjg7N7+waC8tX+okUxxqPJGJug6YBiliqKFACdepAhYFEq6Cm+OBf3ULSoskvsBOCn7EWrEIBWdoUMM+qXtpW3gSQizfeUq02ri5Rb30C23kzKeHVFCvCRJZbtFt+m037JJTcYZF/wo3FyWS11nD7nvNhGcRxMgl07ruOin6XaZQcAm9opdpSBm/YS2oGxmzCLTfHd7bo+uGNGmYKPNipEP6c6LLIq07UWA6I4ZtPeoN4H9ePcPwwO+KOM0QYv65KMwkxYQOwqNNoYCj7BjBuBLmr5S3mWIcTcRFE4I7evJfcblTcfcqe+e7pepRHkeBrJI1UiYu2SdVckrOSI1wck/65Jm8WA/Wo/VqvX22jln5zAr5Vdb7B/Wvp8U=</latexit>

[ω (x) ,ε (x→)] = iϑ (x→ x→)
<latexit sha1_base64="AmdAceU+te0LQL0/yRgsks8mvvw="></latexit>

ω→ε↑
ωt

= ↓i→[ε, H]↑ = →↔2
ϑ↓ ωV

ωϑ
↑

These identities are true for all quantum states

For coherent states
<latexit sha1_base64="ACKG8BGuxydZX+ki2jJVmoZ6wuU="></latexit>

ω→ε↑
dt

= ↓2→ϑ↑ ↔ ωV (→ϑ↑)
ωϑ

<latexit sha1_base64="9CKMN5P1Nw8WCPkItHXpzMhasXg="></latexit>

H =

∫
d
3
x
1

2

(
ω
2 +→iε→i

ε
)
+ V (ε)



Non-Linear Quantum Mechanics
<latexit sha1_base64="TeC8Jxou3Vg2Cj6n0nWae20nJu8="></latexit>

H = HL +

∫
d
3
xg→ω (t) |ε2|ω (t)↑ε2

<latexit sha1_base64="LBV7XmyTxcA9ncVIMkqqO8ugNJ8="></latexit>

ω→ε↑
ωt

= ↓→[ε, H]↑ = · · ·+ 2g→ϑ2↑→ϑ2↑

Expectation value is a c-number. Commutes with π

2 instead of 4.  
This will solve the hierarchy problem



The Hierarchy Problem



Why is the Hierarchy Problem hard to solve?
A Version of Weinberg’s No Go

<latexit sha1_base64="77bYDTwlTo3LV2os3S1i52X/kYc=">AAACHHicbVBLSwMxEM7WV62vqkcvwSJUxLJbS/UiFL14rGAf0F1LNs12Q7MPklmhlP4QL/4VLx4U8eJB8N+YtnvQ1oGBb76Zb5L53FhwBab5bWSWlldW17LruY3Nre2d/O5eU0WJpKxBIxHJtksUEzxkDeAgWDuWjASuYC13cD3ptx6YVDwK72AYMycg/ZB7nBLQVDd/1rQF86Do25L3fTjGl/jUDpL7MvZ1nmBb6F09oqvKpOpFoHA3XzBL5jTwIrBSUEBp1Lv5Ty2kScBCoIIo1bHMGJwRkcCpYOOcnSgWEzogfdbRMCQBU85oetwYH2mmh71I6gwBT9nfihEJlBoGrp4MCPhqvjch/+t1EvAunBEP4wRYSGcPeYnAEOGJU7jHJaMghhoQKrn+K6Y+kYSC9jOnTbDmT14EzXLJqpaqt5VC7Sq1I4sO0CEqIgudoxq6QXXUQBQ9omf0it6MJ+PFeDc+ZqMZI9Xsoz9hfP0A0uietw==</latexit>

V (h) = →µ2h2 + ωh4 + . . .

Need:

At that minimum:

<latexit sha1_base64="gSTlPGS6HrqyOZSCKBpaubUbxoE="></latexit>

ωV

ωh
= 0 =→ ↑2µ2 + 4εh2 = 0

Two different conditions - cannot simultaneously satisfy
Generic Potential: Minimum is not a place where second derivative needs 

to be small

<latexit sha1_base64="qKGOSWgaQUYLEifcFSmpkmaf9sA="></latexit>

ω2V

ωh2
→ µ2 =↑ ↓2µ2 + 12εh2 ⊋= 0



The Higgs in Linear Quantum Mechanics

Coherent State 
of the Higgs

h = v

δh

The Higgs Particle: Fluctuation 
around the minimum 

The Higgs Mass: Energy Needed to create zero 
(or really, low) momentum  fluctuation

<latexit sha1_base64="5nscNRJA5lC1HyckfSKD/kijZX8="></latexit>

|ω (t)→ = ε|v + ϑh→+ ϖ|M→

Mass independent of precise Higgs wave-function 
or the wave-function of the entire quantum state

Will not be true in non-linear quantum mechanics

<latexit sha1_base64="JHP14ryMKS64+8MORNBwqPjTbH0="></latexit>

i
d|ω(t)→

dt = H|ω (t)→ =↑ i
d|εh→
dt = H|εh→



Higgs Production at the LHC
<latexit sha1_base64="MmBKCCNsgDyu2FUzUwzFrskK5Vc=">AAACD3icbZC7SgNBFIZnvcZ4i1raDAYlNmFXRG2EoI1lBHOBbAizk7PJkNnZZeasEGLewMZXsbFQxNbWzrdxkmzh7YeBj/+cw5nzB4kUBl3305mbX1hcWs6t5FfX1jc2C1vbdROnmkONxzLWzYAZkEJBDQVKaCYaWBRIaASDy0m9cQvaiFjd4DCBdsR6SoSCM7RWp3Bw5/O+8CWEWEJfi14fD33NVE8CPad3tYw7haJbdqeif8HLoEgyVTuFD78b8zQChVwyY1qem2B7xDQKLmGc91MDCeMD1oOWRcUiMO3R9J4x3bdOl4axtk8hnbrfJ0YsMmYYBbYzYtg3v2sT879aK8XwrD0SKkkRFJ8tClNJMaaTcGhXaOAohxYY18L+lfI+04yjjTBvQ/B+n/wX6kdl76R8cn1crFxkceTILtkjJeKRU1IhV6RKaoSTe/JInsmL8+A8Oa/O26x1zslmdsgPOe9fv0CcfA==</latexit>

|ω (t)→ = |U→

L ~µm L ~µm

What is the Higgs Field that is created?

Highly Suppressed

<latexit sha1_base64="fStl1XaSZfHzUIl6fxmdqTzida4="></latexit>

|ω (t)→ = |0→+
√

1
L3m3

h

ωpp→h

L2 |h→
<latexit sha1_base64="OcQbcW7mFzVK1B4AqWO/SdLmFCM="></latexit>

→ω (t) |h2|ω (t)↑ = v2 + 1
L3m3

h

ωpp→h

L2 m2
h



Higgs Production at the LHC
<latexit sha1_base64="/cdBplFQ/cPmRhdpENCrCaLdrzo="></latexit>

|ω (t)→ = ε|U→+ ϑ|M→

What is the Higgs Field that is created?

We exist in a small part of the wave-
function!

Bottom-line:
<latexit sha1_base64="hcXKU8jSmrIcYWHnLezpcOePdl8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei1ARykwX1Y1YdONSwarQqSWT3umEZjJDcqdQWv/CX3Djr7gRUaRbv8S0daHWA4HDOfdwc0+QSmHQdYfOzOzc/MLi0nJuZXVtfSO/uXVtkkxzqPFEJvo2YAakUFBDgRJuUw0sDiTcBJ2zkX/TBW1Eoq6wl0IjZm0lQsEZWqmZP/ElU20J1OeR8CWEWERfi3aE+4PorjyYln09CRzT7l2ZNvMFt+SOQaeJ900K1V3/4GFY7V00869+K+FZDAq5ZMbUPTfFRp9pFFzCfc7PDKSMd1gb6pYqFoNp9MeH3tM9q7RomGj7FNKx+jPRZ7ExvTiwkzHDyPz1RuJ/Xj3D8KjRFyrNEBSfLAozSTGho9ZoS2jgKHuWMK6F/SvlEdOMo+02Z0vw/p48Ta7LJa9Sqlx6heopmWCJ7JBdUiQeOSRVck4uSI1w8kieyRt5d56cF+fDGU5GZ5zvzDb5BefzC5A+qTs=</latexit>

→ω (t) |h2|ω (t)↑ = v2

<latexit sha1_base64="aQBn9KiezP7Ih9nkvaP6CEWR8qY="></latexit>

→ω (t) |h2|ω (t)↑ = v2 + |ε|2 1
L3m3

h

ωpp→h

L2 m2
h



The Higgs Mass in Non-Linear Quantum Mechanics
<latexit sha1_base64="Q4bHWfu2790RQl2TGZZu2fP1pVw="></latexit>

V (h) = →µ2h2 + g↑ω|h2|ω↓h2

Stationary Points
<latexit sha1_base64="bI1rBTxLlb63ip4sO5cOSmCZ79Q="></latexit>

d→ω↑
dt

= ↓i→[ω, H]↑ =
(
↓2µ2 + 2g→h2↑

)
→h↑ = 0

What is the energy needed to create δh?

State dependent - but at the LHC:
<latexit sha1_base64="hcXKU8jSmrIcYWHnLezpcOePdl8=">AAACKHicbVDLSgMxFM34tr6qLt0Ei1ARykwX1Y1YdONSwarQqSWT3umEZjJDcqdQWv/CX3Djr7gRUaRbv8S0daHWA4HDOfdwc0+QSmHQdYfOzOzc/MLi0nJuZXVtfSO/uXVtkkxzqPFEJvo2YAakUFBDgRJuUw0sDiTcBJ2zkX/TBW1Eoq6wl0IjZm0lQsEZWqmZP/ElU20J1OeR8CWEWERfi3aE+4PorjyYln09CRzT7l2ZNvMFt+SOQaeJ900K1V3/4GFY7V00869+K+FZDAq5ZMbUPTfFRp9pFFzCfc7PDKSMd1gb6pYqFoNp9MeH3tM9q7RomGj7FNKx+jPRZ7ExvTiwkzHDyPz1RuJ/Xj3D8KjRFyrNEBSfLAozSTGho9ZoS2jgKHuWMK6F/SvlEdOMo+02Z0vw/p48Ta7LJa9Sqlx6heopmWCJ7JBdUiQeOSRVck4uSI1w8kieyRt5d56cF+fDGU5GZ5zvzDb5BefzC5A+qTs=</latexit>

→ω (t) |h2|ω (t)↑ = v2

Higgs Mass:
<latexit sha1_base64="XOVJuldaTVtLa36Q8Sfra+JYbJg=">AAACCXicbZC7TsMwFIYdrqXcCowsViskpIoqyVAYK1gYi0QvUpNWjuukVh0nsh2kKOrKwspjsDCAECtvwNa3wU07QMsvWfr0n3N0fH4vZlQq05waa+sbm1vbhZ3i7t7+wWHp6Lgto0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW98M6t3HoiQNOL3Ko2JG6KAU59ipLQ1KMELGzph0rdhFdowcBjiASNw1LcdkeOgVDFrZi64CtYCKo2yU32eNtLmoPTtDCOchIQrzJCUPcuMlZshoShmZFJ0EklihMcoID2NHIVEull+yQSeaWcI/UjoxxXM3d8TGQqlTENPd4ZIjeRybWb+V+slyr9yM8rjRBGO54v8hEEVwVkscEgFwYqlGhAWVP8V4hESCCsdXlGHYC2fvAptu2bVa/U7q9K4BnMVwCkog3NggUvQALegCVoAg0fwAt7Au/FkvBofxue8dc1YzJyAPzK+fgA/HJsv</latexit>

→2µ2 + 2g↑h2↓

<latexit sha1_base64="XgujtdiVNjlrLvwN4UC4Dij/X0A="></latexit>

i
d|ω(t)
dt = H|ω (t)→ =↑ i

d|εh→
dt =

∫
d
3
x
(
↓µ

2
h
2 + g↔ω|h2|ω→

)
h
2 + . . . |εh→

Same Condition



The Hierarchy Problem

<latexit sha1_base64="KpTyyx7NU4HaArGvMtRBGSwImzk="></latexit>

V (h) = →µ2h2 +
g

2
↑ω|h2|ω↓h2 +

ε

4
h4

Stationary Points:

<latexit sha1_base64="MmBKCCNsgDyu2FUzUwzFrskK5Vc=">AAACD3icbZC7SgNBFIZnvcZ4i1raDAYlNmFXRG2EoI1lBHOBbAizk7PJkNnZZeasEGLewMZXsbFQxNbWzrdxkmzh7YeBj/+cw5nzB4kUBl3305mbX1hcWs6t5FfX1jc2C1vbdROnmkONxzLWzYAZkEJBDQVKaCYaWBRIaASDy0m9cQvaiFjd4DCBdsR6SoSCM7RWp3Bw5/O+8CWEWEJfi14fD33NVE8CPad3tYw7haJbdqeif8HLoEgyVTuFD78b8zQChVwyY1qem2B7xDQKLmGc91MDCeMD1oOWRcUiMO3R9J4x3bdOl4axtk8hnbrfJ0YsMmYYBbYzYtg3v2sT879aK8XwrD0SKkkRFJ8tClNJMaaTcGhXaOAohxYY18L+lfI+04yjjTBvQ/B+n/wX6kdl76R8cn1crFxkceTILtkjJeKRU1IhV6RKaoSTe/JInsmL8+A8Oa/O26x1zslmdsgPOe9fv0CcfA==</latexit>

|ω (t)→ = |U→Simplicity:

<latexit sha1_base64="O/z0zLUHVfELYjvcQOkkLeYdD+Y="></latexit>

→h↑ = 0, →h↑ = µ2

g
2 + ω/4

Fluctuations δh: Unstable Mass
<latexit sha1_base64="Ll1oyrPYrrw+i9c54cPxKTa6Fuo="></latexit>

mh =

√
4µ2

(2g + ω)

<latexit sha1_base64="1ZQ2bHEwSx331GgMf8aNYUoRMcQ=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqpIKFcYKFsYi0YfUhMhxndSq7US2A6qiriz8CgsDCLHyB2z8DW6bAVqOdHWPzrlX9j1hyqjSjvNtlVZW19Y3ypuVre2d3T17/6Cjkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbji6mvrdeyIVTcStHqfE5ygWNKIYaSMFNoyhpyiHXiQRzj2e3dUnOQ8eTINeHEM3sKtOzZkBLhO3IFVQoBXYX94gwRknQmOGlOq7Tqr9HElNMSOTipcpkiI8QjHpGyoQJ8rPZ5dM4IlRBjBKpCmh4Uz9vZEjrtSYh2aSIz1Ui95U/M/rZzq68HMq0kwTgecPRRmDOoHTWOCASoI1GxuCsKTmrxAPkclEm/AqJgR38eRl0qnX3EatcXNWbV4WcZTBETgGp8AF56AJrkELtAEGj+AZvII368l6sd6tj/loySp2DsEfWJ8/Nk+ZZg==</latexit>

g → µ2

m2
w

↑ 1



Perturbativity?
<latexit sha1_base64="KpTyyx7NU4HaArGvMtRBGSwImzk="></latexit>

V (h) = →µ2h2 +
g

2
↑ω|h2|ω↓h2 +

ε

4
h4

<latexit sha1_base64="1ZQ2bHEwSx331GgMf8aNYUoRMcQ=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqpIKFcYKFsYi0YfUhMhxndSq7US2A6qiriz8CgsDCLHyB2z8DW6bAVqOdHWPzrlX9j1hyqjSjvNtlVZW19Y3ypuVre2d3T17/6Cjkkxi0sYJS2QvRIowKkhbU81IL5UE8ZCRbji6mvrdeyIVTcStHqfE5ygWNKIYaSMFNoyhpyiHXiQRzj2e3dUnOQ8eTINeHEM3sKtOzZkBLhO3IFVQoBXYX94gwRknQmOGlOq7Tqr9HElNMSOTipcpkiI8QjHpGyoQJ8rPZ5dM4IlRBjBKpCmh4Uz9vZEjrtSYh2aSIz1Ui95U/M/rZzq68HMq0kwTgecPRRmDOoHTWOCASoI1GxuCsKTmrxAPkclEm/AqJgR38eRl0qnX3EatcXNWbV4WcZTBETgGp8AF56AJrkELtAEGj+AZvII368l6sd6tj/loySp2DsEfWJ8/Nk+ZZg==</latexit>

g → µ2

m2
w

↑ 1

<latexit sha1_base64="2mfovkgD5KTlEg0+C1WKuNHg6EQ=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKDeTSTt0MgkzE6GEfoQbF4q49Xvc+TdO2yy0emDgcM65zL0nSAXXxnW/nNLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC1AzwSVrG24E66WKYRwI1g0mt3O/+8iU5ol8MNOU+TGOJI84RWOl7kDYaIjDas2tuwuQv8QrSA0KtIbVz0GY0Cxm0lCBWvc9NzV+jspwKtisMsg0S5FOcMT6lkqMmfbzxbozcmaVkESJsk8aslB/TuQYaz2NA5uM0Yz1qjcX//P6mYmu/ZzLNDNM0uVHUSaIScj8dhJyxagRU0uQKm53JXSMCqmxDVVsCd7qyX9J56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGChN4ghd4dVLn2Xlz3pfRklPMHMMvOB/fQFePiA==</latexit>

ω <latexit sha1_base64="br2af1NbYudMpBzxgHyw5tNXeA0=">AAACEXicbZC7TsMwFIadcivlFmBksaiQOlVJhQpjBQtjkehFakrluE5i1XEi20Gq0r4CC6/CwgBCrGxsvA1OmgFafsnSp/+co+PzuzGjUlnWt1FaW9/Y3CpvV3Z29/YPzMOjrowSgUkHRywSfRdJwignHUUVI/1YEBS6jPTcyXVW7z0QIWnE79Q0JsMQ+Zx6FCOlrZFZczyBcOrP08bcYYj7jEAHBxTOgvvGLCNH5O7IrFp1KxdcBbuAKijUHplfzjjCSUi4wgxJObCtWA1TJBTFjMwrTiJJjPAE+WSgkaOQyGGaXzSHZ9oZQy8S+nEFc/f3RIpCKaehqztDpAK5XMvM/2qDRHmXw5TyOFGE48UiL2FQRTCLB46pIFixqQaEBdV/hThAOiKlQ6zoEOzlk1eh26jbzXrz9rzauiriKIMTcApqwAYXoAVuQBt0AAaP4Bm8gjfjyXgx3o2PRWvJKGaOwR8Znz/xw527</latexit>g

2
→ω|h2|ω↑

<latexit sha1_base64="uEePoizlavZTSTMG6awKjrZ3Zbo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMYB6QrGF2MpuMmccyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vL7eyura+kd8sbG3v7O4V9w8aRqWa0DpRXOlWhA3lTNK6ZZbTVqIpFhGnzWh4M/WbT1QbpuS9HSU0FLgvWcwItk5qnHVE+nDeLZb8sj8DWiZBRkqQodYtfnV6iqSCSks4NqYd+IkNx1hbRjidFDqpoQkmQ9ynbUclFtSE49m1E3TilB6KlXYlLZqpvyfGWBgzEpHrFNgOzKI3Ff/z2qmNr8Ixk0lqqSTzRXHKkVVo+jrqMU2J5SNHMNHM3YrIAGtMrAuo4EIIFl9eJo3zclApV+4uStXrLI48HMExnEIAl1CFW6hBHQg8wjO8wpunvBfv3fuYt+a8bOYQ/sD7/AHx7I68</latexit>

→µ2

Just a mass correctionUsual quartic 
leads to loops



Perturbativity?

<latexit sha1_base64="Mn2rdVqtqY0U+54OM1v4s4b1nz0="></latexit>

→ω (t) |h2|ω (t)↑ = v2 + 1
L3mh

ωpp→h

L2 m2
h

<latexit sha1_base64="MmBKCCNsgDyu2FUzUwzFrskK5Vc=">AAACD3icbZC7SgNBFIZnvcZ4i1raDAYlNmFXRG2EoI1lBHOBbAizk7PJkNnZZeasEGLewMZXsbFQxNbWzrdxkmzh7YeBj/+cw5nzB4kUBl3305mbX1hcWs6t5FfX1jc2C1vbdROnmkONxzLWzYAZkEJBDQVKaCYaWBRIaASDy0m9cQvaiFjd4DCBdsR6SoSCM7RWp3Bw5/O+8CWEWEJfi14fD33NVE8CPad3tYw7haJbdqeif8HLoEgyVTuFD78b8zQChVwyY1qem2B7xDQKLmGc91MDCeMD1oOWRcUiMO3R9J4x3bdOl4axtk8hnbrfJ0YsMmYYBbYzYtg3v2sT879aK8XwrD0SKkkRFJ8tClNJMaaTcGhXaOAohxYY18L+lfI+04yjjTBvQ/B+n/wX6kdl76R8cn1crFxkceTILtkjJeKRU1IhV6RKaoSTe/JInsmL8+A8Oa/O26x1zslmdsgPOe9fv0CcfA==</latexit>

|ω (t)→ = |U→
Higgs Energy Correction?

<latexit sha1_base64="JJ1xFxdLvYvmF6P2NnWvUWZCcak="></latexit>

ωm2
h → g

1

L3mh

εpp→h

L2
→

(
Mpl

mw

)2 1

L3mw

εpp→h

L2
↑ m2

w

Even more suppressed if we are a tiny part of the wave-function 

Early Universe Coherent Field Value
<latexit sha1_base64="Zb86qsCG7tLnAh2LGv+Vj6bVIJc=">AAACK3icbZDLTgIxFIY7XhFvqEs3jcTEFZkhBl0S3LjERC4Jg6RTzkBD25m0HZUQ3seNr+JCF17i1vewwCwEPEmTL/9/TnrOH8ScaeO6n87K6tr6xmZmK7u9s7u3nzs4rOsoURRqNOKRagZEA2cSaoYZDs1YAREBh0YwuJr4jXtQmkXy1gxjaAvSkyxklBgrdXKVHvY5kT0OuH9XxL6asc9BaxLHKnrEvkgmDhN2H9C4P2eKzkMnl3cL7rTwMngp5FFa1U7u1e9GNBEgDeVE65bnxqY9IsowymGc9RMNMaED0oOWRUkE6PZoeusYn1qli8NI2ScNnqp/J0ZEaD0Uge0UxPT1ojcR//NaiQkv2yMm48SApLOPwoRjE+FJcLjLFFDDhxYIVczuimmfKEKNjTdrQ/AWT16GerHglQqlm/N8uZLGkUHH6ASdIQ9doDK6RlVUQxQ9oRf0jj6cZ+fN+XK+Z60rTjpzhObK+fkF7pynjw==</latexit>

g→h2↑ ↭ µ2 =↓ h ↭ mw
Can produce particles 

at cut-of



Many Worlds?
<latexit sha1_base64="4u4xqSjPYaFF5xlW0QrxM+mTuy0="></latexit>

|ω (t)→ = ε|U→+
∑

i

ϑi|Mi→

N worlds with N higgs - coupled together by expectation value 

Do they all end up in the right minimum?

<latexit sha1_base64="fultRaRBLvRHk4/qYsqdUhC5RW8="></latexit>

V1 (h1) = →µ2h2
1 +

g

2
↑ω|h2|ω↓h2

1 +
ε

4
h4
1

<latexit sha1_base64="46hamoIjRBGBrMU/R/rO53g5h1U="></latexit>

V2 (h1) = →µ2h2
2 +

g

2
↑ω|h2|ω↓h2

2 +
ε

4
h4
2

<latexit sha1_base64="aLWZ6cgdQAGgixki66tqJm28+og="></latexit>

→h1↑ = →h2↑ =

√
4µ2

2g + ω
Only Stable Minimum



Signals
<latexit sha1_base64="KpTyyx7NU4HaArGvMtRBGSwImzk="></latexit>

V (h) = →µ2h2 +
g

2
↑ω|h2|ω↓h2 +

ε

4
h4

Identical Collider Phenomenology as the Standard Model

Early universe signals could be different (e.g. phase transitions)

<latexit sha1_base64="Zb86qsCG7tLnAh2LGv+Vj6bVIJc=">AAACK3icbZDLTgIxFIY7XhFvqEs3jcTEFZkhBl0S3LjERC4Jg6RTzkBD25m0HZUQ3seNr+JCF17i1vewwCwEPEmTL/9/TnrOH8ScaeO6n87K6tr6xmZmK7u9s7u3nzs4rOsoURRqNOKRagZEA2cSaoYZDs1YAREBh0YwuJr4jXtQmkXy1gxjaAvSkyxklBgrdXKVHvY5kT0OuH9XxL6asc9BaxLHKnrEvkgmDhN2H9C4P2eKzkMnl3cL7rTwMngp5FFa1U7u1e9GNBEgDeVE65bnxqY9IsowymGc9RMNMaED0oOWRUkE6PZoeusYn1qli8NI2ScNnqp/J0ZEaD0Uge0UxPT1ojcR//NaiQkv2yMm48SApLOPwoRjE+FJcLjLFFDDhxYIVczuimmfKEKNjTdrQ/AWT16GerHglQqlm/N8uZLGkUHH6ASdIQ9doDK6RlVUQxQ9oRf0jj6cZ+fN+XK+Z60rTjpzhObK+fkF7pynjw==</latexit>

g→h2↑ ↭ µ2 =↓ h ↭ mw

<latexit sha1_base64="/7pdoSj+NZzz2V9xDO++z814c9Y="></latexit>

V (h) = →µ2h2 +
g

2
↑ω|h2|ω↓h2 +

ε

4
h4 + ϑ↑h↓h3 + . . .

Deviations from Standard Model Higgs Potential



Conclusions



The Cosmological Constant Problem

⇤
<latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit> ⇤

<latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit><latexit sha1_base64="OOrOdRa03LS6t6Z3WgRljSFdGec=">AAAB7nicdVBNS8NAFHypX7V+VT16WSyCp5KIoseiFw8eKthWaEPZbF7apZtN2N0IpfRHePGgiFd/jzf/jZs2BRUdWBhm5rHvTZAKro3rfjqlpeWV1bXyemVjc2t7p7q719ZJphi2WCISdR9QjYJLbBluBN6nCmkcCOwEo6vc7zyg0jyRd2acoh/TgeQRZ9RYqdO7sdGQ9qs1t37m5iBu3V2QQvEKpQYFmv3qRy9MWBajNExQrbuemxp/QpXhTOC00ss0ppSN6AC7lkoao/Yns3Wn5MgqIYkSZZ80ZKZ+n5jQWOtxHNhkTM1Q//Zy8S+vm5nowp9wmWYGJZt/FGWCmITkt5OQK2RGjC2hTHG7K2FDqigztqGKLWFxKfmftE/qnuW3p7XGZVFHGQ7gEI7Bg3NowDU0oQUMRvAIz/DipM6T8+q8zaMlp5jZhx9w3r8AGjmPZw==</latexit>

Observed: 10-12 eV4 Theory: 1048 eV4

Why?

Symmetry? Relaxation?Standard Model?
4000 BC1947 1980s,  

2016s

Gravity?
2000s

The correct quantum Hamiltonian?



Cosmological Constant Problem
<latexit sha1_base64="YCEtijMgdAli4XfyRVnTehvxIUw="></latexit>

HGR =

Z
d
3
x
p
�g (HG (⇡ij , gij) +HM (gij ,⇡�,�))

<latexit sha1_base64="XweBIKFPP9qNoggr5Tip3p05Zik="></latexit>

HM =
�
⇡2
� + gijr

i�rj�+ V (�)
�

<latexit sha1_base64="mKuEFPKzwj1QGULyJ0xLeOMcV5s="></latexit>

Vacuum: |V i, HM |V i = ⇤4
|V i

<latexit sha1_base64="ajcKahgamY/3/GCBsXeAGj0/M+4="></latexit>

i
d|V i
dt

= HGR|V i =
Z

d
3
x
p
�g

�
HG (⇡ij , gij) + ⇤4

�
|V i

π and g do not commute - vacuum energy gravitates 

<latexit sha1_base64="w2fpoMqve0LcLPn/j2jORhYZLUw="></latexit>

d

dt
hV |⇡ij |V i = ⇤4hV |[⇡ij ,

p
�g]|V i+ · · · = ⇤4hV |@

p
�g

@gij
|V i+ . . .



A Classical Volume Element
<latexit sha1_base64="AFGJvB2bQJaNwri9LWHEBGc/j4g="></latexit>

H =

Z
d
3
x h |

p
�g| i (HG (⇡ij , gij) +HM (gij ,⇡�,�))

<latexit sha1_base64="lT3XmnVMWiC/rUh/CJfuEwWHb7Y=">AAACFHicdZDLSsNAFIYnXmu9RV26GSyCIJRES6oLoeimywr2Ak0ok8mkHTqZhJmJUGIfwo2v4saFIm5duPNtnLYRqugPAz/fOYcz5/cTRqWyrE9jYXFpeWW1sFZc39jc2jZ3dlsyTgUmTRyzWHR8JAmjnDQVVYx0EkFQ5DPS9odXk3r7lghJY36jRgnxItTnNKQYKY165jGFbigQzoI7tyGpKxDvMzLOAjWGF7AO52nPLFllayo4Z5zzasU5hXZOSiBXo2d+uEGM04hwhRmSsmtbifIyJBTFeknRTSVJEB6iPulqy1FEpJdNjxrDQ00CGMZCP67glM5PZCiSchT5ujNCaiB/1ybwr1o3VeGZl1GepIpwPFsUpgyqGE4SggEVBCs20gZhQfVfIR4gnZHSORZ1CN+Xwv9N66RsO2XnulKqXeZxFMA+OABHwAZVUAN10ABNgME9eATP4MV4MJ6MV+Nt1rpg5DN74IeM9y/0457L</latexit>

i
d| i
dt

= H| i
<latexit sha1_base64="j1ju5f1CBlios5vCirlWUEVzAzw=">AAACCHicdVDLSgNBEJyNrxhfqx49OBgEL4aNhkRvQS8eI+QF2SXMTibJkNnZdaZXDEuOXvwVLx4U8eonePNvnDyEKFrQUFR1093lR4JrcJxPK7WwuLS8kl7NrK1vbG7Z2zt1HcaKshoNRaiaPtFMcMlqwEGwZqQYCXzBGv7gcuw3bpnSPJRVGEbMC0hP8i6nBIzUtvddYHeQVBWRuhuqQGOi8Qi7+kZBctwbte2sk3MmwHOkeF4qFE9xfqZk0QyVtv3hdkIaB0wCFUTrVt6JwEuIAk4FG2XcWLOI0AHpsZahkgRMe8nkkRE+NEoHmztMScATdX4iIYHWw8A3nQGBvv7tjcW/vFYM3TMv4TKKgUk6XdSNBYYQj1PBHa4YBTE0hFDFza2Y9okiFEx2GRPC96f4f1I/yeWLueJ1IVu+mMWRRnvoAB2hPCqhMrpCFVRDFN2jR/SMXqwH68l6td6mrSlrNrOLfsB6/wJnApo9</latexit>

Transforms as
p
�g

<latexit sha1_base64="mKuEFPKzwj1QGULyJ0xLeOMcV5s="></latexit>

Vacuum: |V i, HM |V i = ⇤4
|V i

<latexit sha1_base64="jm8TkxLB6s+fE0hx3WdRUdwXUN8="></latexit>

i
d|V i
dt

= HGR|V i =
Z

d
3
x hV |

p
�g|V i

�
HG (⇡ij , gij) + ⇤4

�
|V i

<latexit sha1_base64="xpa1/AxJtGSINqZ9KxtCYBgdqqk="></latexit>

h |
p
�g| i =

q
�Det (h |gµ⌫ | i)



A Classical Volume Element
<latexit sha1_base64="jm8TkxLB6s+fE0hx3WdRUdwXUN8="></latexit>

i
d|V i
dt

= HGR|V i =
Z

d
3
x hV |

p
�g|V i

�
HG (⇡ij , gij) + ⇤4

�
|V i

<latexit sha1_base64="Ta3VJ9tPG/w1AXGwO9M11ccrs9c="></latexit>

d

dt
hV |⇡ij |V i = ⇤4hV |[⇡ij , hV |

p
�g|V i]|V i+ . . .

Pure number - commutator vanishes!

Vacuum energy does not gravitate!

Paper to appear….


