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Why diamagnetic atoms?

We want more than 1 number for hadronic sector

from Ritz & Pospelov, hep-th/0504231 
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Fig. 1. A schematic plot of the hierarchy of scales between the CP-odd sources
and three generic classes of observable EDMs. The dashed lines indicate generically
weaker dependencies.

2.1 Observable EDMs

Let us begin by reviewing the lowest level in this construction, namely the
precise relations between observable EDMs and the relevant CP -odd operators
at the nuclear scale. At leading order, such effects may be quantified in terms
of EDMs of the constituent nucleons, dn and dp (where the neutron EDM
is already an observable), the EDM of the electron de, and CP -odd electron-
nucleon and nucleon-nucleon interactions. In the relevant channels these latter
interactions are dominated by pion exchange, and thus we must also consider
the CP -odd pion-nucleon couplings ḡπNN which can be induced by CP -odd
interactions between quarks and gluons. To be more explicit, we write down
the relevant CP -odd terms at the nuclear scale,

Lnuclear
eff = Ledm + LπNN + LeN , (2.3)

which can be split into terms for the nucleon (and electron) EDMs,

Ledm = −
i

2

∑

i=e,p,n

di ψi(Fσ)γ5ψ, (2.4)

the CP -odd pion nucleon intercations,

LπNN = ḡ(0)
πNNN̄τaNπa + ḡ(1)

πNNN̄Nπ0

+ḡ(2)
πNN(N̄τaNπa − 3N̄τ 3Nπ0), (2.5)
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Q: What nuclear calculations do we need?

from Ritz & Pospelov, hep-th/0504231 
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Fig. 1. A schematic plot of the hierarchy of scales between the CP-odd sources
and three generic classes of observable EDMs. The dashed lines indicate generically
weaker dependencies.

2.1 Observable EDMs

Let us begin by reviewing the lowest level in this construction, namely the
precise relations between observable EDMs and the relevant CP -odd operators
at the nuclear scale. At leading order, such effects may be quantified in terms
of EDMs of the constituent nucleons, dn and dp (where the neutron EDM
is already an observable), the EDM of the electron de, and CP -odd electron-
nucleon and nucleon-nucleon interactions. In the relevant channels these latter
interactions are dominated by pion exchange, and thus we must also consider
the CP -odd pion-nucleon couplings ḡπNN which can be induced by CP -odd
interactions between quarks and gluons. To be more explicit, we write down
the relevant CP -odd terms at the nuclear scale,

Lnuclear
eff = Ledm + LπNN + LeN , (2.3)

which can be split into terms for the nucleon (and electron) EDMs,

Ledm = −
i

2

∑

i=e,p,n

di ψi(Fσ)γ5ψ, (2.4)

the CP -odd pion nucleon intercations,

LπNN = ḡ(0)
πNNN̄τaNπa + ḡ(1)

πNNN̄Nπ0

+ḡ(2)
πNN(N̄τaNπa − 3N̄τ 3Nπ0), (2.5)
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What to calculate

nuc e

Atomic EDM is defined by �E = �~dA · ~Eext
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Perturbation theory

H0 = HN +He � Z↵

ZX

i=1

1

xi

Decouple nuclear and atomic problems
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Perturbation theory

H0 = HN +He � Z↵

ZX

i=1

1

xi

V =

 
VeN + Z↵

ZX

i=1

1

xi

!
+ V

ext

e + V

ext

N

Decouple nuclear and atomic problems

Calculate energy shift, pick out terms / Eext

Tuesday, October 8, 13



VeN = �↵

ZZ
d

3
xd

3
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⇢e⇢N
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~
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!#
Order      correction to Coulomb

    - electron coordinate,     - nuclear coordinate, ~x

~y
~n = ~x� ~y

↵

Breit interaction
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Breit interaction - multipoles

VeN = �↵

ZZ
d

3
xd

3
y

"
⇢e⇢N

|~x� ~y| �
1

2

 
~

je ·~jN +~

je · n̂~jN · n̂
|~x� ~y|

!#
Order      correction to Coulomb

    - electron coordinate,     - nuclear coordinate, ~x

~y
~n = ~x� ~y

↵

1

|~x� ~y| =
X

lm

4⇡

2l + 1

✓
y

l

x

l+1
✓(x� y) +

x

l

y

l+1
✓(y � x)

◆
Y

⇤
lm(x̂)Ylm(ŷ)
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Breit interaction - multipoles
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Order      correction to Coulomb

    - electron coordinate,     - nuclear coordinate, 

               Pointlike nucleus     Penetration correction
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Multipoles - classification

From charge-charge interaction:

Pointlike C0 - total nuclear charge (in       )

Pointlike C1, C2, ... - EDM, EQM, ...

Penetration terms -> Schiff moment

V Cl
pt/pen / CA

l � CN
l

H0
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Multipoles - classification

From current-current interaction:

More than 1 way to couple current vector to spherical harmonics

So many terms!

V Ml
pt/pen / Tmag,A

l � Tmag,N
l

V El
pt/pen / T el,A

l � T el,N
l
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Symmetries to the rescue

EDMs are PVTV -> need PVTV coupling to nucleus

PCTC PV TC PCTV PV TV
C even � � odd

M odd � � even

E � odd even �
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Symmetries to the rescue

EDMs are PVTV -> need PVTV coupling to nucleus

Also - Atomic J = 0, Nuclear J = 1/2

M2, C3, etc. don’t contribute

PCTC PV TC PCTV PV TV
C even � � odd

M odd � � even

E � odd even �
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Schiff screening

nuc e nuc e

C1 C1

nuc

+ +

h0|V ext

N |0i+
�
h0|V ext

e KV C1

pt

|0i+ c.c.
�
= 0

Naive LO terms cancel
K =

X

n 6=0

|nihn|
E0 � En
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Schiff moment - term 1

Penetration C1 is not screened

nuc e nuc e

C1pen C1pen
+

h0|V ext

e KV C1

pen

|0i+ c.c.
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Schiff moment - term 2

nuc e nuc e

C0pen C1
+

C0pen

+ . . . + . . .

Higher order terms are only partially screened

Both terms - Penetration effect. Only Coulomb multipoles
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Other terms?

PCTC PV TC PCTV PV TV
C even � � odd

M odd � � even

E � odd even �
E multipoles don’t have PVTV moments, but what if you iterate?
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Other terms?

PCTC PV TC PCTV PV TV
C even � � odd

M odd � � even

E � odd even �

nuc e

Vext

E2

E1

E multipoles don’t have PVTV moments, but what if you iterate?

Combine E1 & E2 -> PVTV!
+ . . .
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Size of Schiff moment

Nuclear Schiff moment operator

goes as 

Energy shift due to Schiff moment is

Suppression of                      compared to nuclear EDM

~S ⌘ 1

10

Z
d3y

✓
y2~y � 5

3Z
y2h~dN i

◆
⇢N (~y)

�

⇠ R3
N

✓
RN

RA

◆2

⇠ EextRA

✓
RN

RA

◆
3

Tuesday, October 8, 13



Power counting

This can be applied to other multipoles

Transverse electrics are less suppressed for given L
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E1-E2 term

nuc e
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Schiff moment term had exponent of 3
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Rough evaluation

Nuclear part of calculation

X

n 6=0

1

E0 � EN
h0N |T el,N

1 |nN ihnN |T el,N
2 |0N i
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Rough evaluation

Use Siegert’s theorem:

Nuclear part of the calculation becomes
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l , HN ]
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Rough evaluation

Use Siegert’s theorem:

Nuclear part of the calculation becomes

Looks like a sum rule

Assume the sum is saturated by giant dipole resonance
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Compare with Schiff moment term

E1-E2 energy shift (approximate): 

Schiff moment energy shift:
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Compare with Schiff moment term

Focus on the numerical factors (S contains factor 1/10)

E1-E2 term is *larger* assuming comparable matrix elements
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Compare with Schiff moment term

Focus on the numerical factors

E1-E2 term is *larger* assuming comparable matrix elements

Nuclear matrix elements were of same order in

a very simple model of nucleus (nucleons in pure HO potential)
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What could go wrong?

1. Iterating Breit interaction

How large is

                                                                  ?
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What could go wrong?

1. Iterating Breit interaction

2. RN/RA power counting may fail 

due to nuclear? atomic? physics we haven’t considered
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Conclusions

1. Atomic EDM can come from E multipoles

Tuesday, October 8, 13



Conclusions

1. Atomic EDM can come from E multipoles

2. Naive power counting suggests contributions are large

-Better constraints on new physics than Schiff, if true
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Conclusions

1. Atomic EDM can come from E multipoles

2. Naive power counting suggests contributions are large

-Better constraints on new physics than Schiff, if true

3. Nuclear calculation would be harder than Schiff moment
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