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Charmonia and (mostly) axions



Charmonium spectroscopy
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  ’s between 100 keV and 30 MeV�
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E835 (FNAL)
Piero & Paola

e+e� ! J/ ! e+e� Discovery: Nov 1974

See Pordes talk



The narrowness of charmonia

J/ (1��)interpret the narrowness of              as a consequence               
Appelquist, Politzer (1975) and De Rujula, Glashow (1975)

of its 3 gluon decay

Discovery: Nov 1974



parameter measurements3P0,1,2



�(�c1) = 0.84± 0.04�(�c2) = 1.93± 0.11�(�c0) = 10.5± 0.6 MeV

Experimentally, mostly from E760, E835:

�(0++) : �(2++) : �(1++) = 12 : 2.4 : 1



Thanks to Piero & Paola 

Most recent



How do we know that             ? � � 10�10

�Gµ�G̃µ� is T-odd and (almost) the only source 
of T-violation in the SM

⇒ Make    a dynamical field forced in its cosmological 
history to relax to 0 (almost) and (possibly) appear as DM

�

�µ · �B �d · �E

T + �

| �µN | = 2 · 10�14e · cm

| �dN |exp < 3 · 10�26e · cm

|�dN | � � · 10�15e · cm

Why to look for axions?
�Gµ�G̃µ�One single coupling only (           ) refuses

to show up in the SM!?!

Peccei, Quinn 1977



The dynamical field, a, is the “axion”

a� �
�Ba

fa

�

8�
C�Fµ�F̃µ� �

axion mass

inverse axion coupling

Olive et al, 2104

and is very intensively searched for
(with the most interesting region still unaccessible)



Standard QCD axion

Attempts to expand the salient region

Agrawal 2018



The coupling to spin

NRL:

(gs = 10�(12÷17)gp
GeV

m�
)

� �Beff · ��

DFSZ
KSVZ

gp = A�
m�

fa

� =
e

2m�

gp(e) � 1
gp(e) � 10�3

B, Cerdonio, Fiorentini, Vitale 1989



The axion as a source of an effective     �B

1. By the DM axion wind seen on earth

�Beff =
gp

e
��a =

gp

e
ma�v a0 cos mat

coherence length

v � 10�3

coherence time �a �
2�

mav2
� 10�4 sec

Beff � 10�22 Tesla
ma

10�4eV
(on electrons)
(1000 bigger on nucleons)

ma a0 �
�

�DM � 0.3 GeV/cm3

�C
a �

1
mav

� 10 m

moving in the galaxy a � a0 sin(mat�ma�v · �x)

ma ⇡ 6 µeV (
1012GeV

fa
)

(as reference)
� = ma � 100 GHz



The challenge illustrated
(From the DM axion wind)

Need to work on some resonant phenomenon

(Gabrielse et al)versus, e.g.

(CASPEr)d E � 10�27eV
E

108V/cm

de < 10�28e · cm � deE � 10�17eV
E

1011V/cm

�(g � 2)e < 10�13 � �eB � 10�17eV
B

5 Tesla

�eBeff (e) � �NBeff (N) � 10�26eV
ma

10�4eV



B, Cerdonio, Fiorentini, Vitale 1989
on electron spins

Searching for the axion DM wind

on nucleon spins
Graham, Rajendram 2010

Solving Block eq.s, at resonance ma =
2�NBext � 10�7 eV

Bext

T

2�eB
ext � 10�4 eV

Bext

T

10�19T (ma = 10�7 eV, � = 0.1 sec)

10�21T (ma = 10�4 eV, � = 10�6 sec)
MT = �2

e,NBeff
e,N nS� cos (mat)

nS = 1022/cm3

e

N

e

N

� = min(�a, �rel, �R)

dM
dt

= �M�B� 1
T1, T2

M

by way of their coupling to the spin



About “radiation dumping”
Back to the transverse magnetization

MT = �2
e,NBeff

e,N nS� cos (mat)

large, hence negligible, for NMR exp.s (CASPEr, static force)� �R

seriously relevant for EMR � �R

� = min(�a, �rel, �R)

�a �
2�

mav2
� 10�4 sec

10�4 eV

ma 10�6 sec for EMR
�rel �

0.1 sec for NMR

(for axion wind only)

w = 200 Hz

10�3 sec for NMR

10�9 sec for EMR
�R =

1
�2nSw3V

� (
10�4eV

w
)3

mm3

V

1022/cm3

nS
�

Bloom 1957

Need to work in a cavity



ARIADNE

La = �1
2
|�µa|2 +

�µa

fa
JPQ

µ +
a

fa

�S

8�
Gµ�G̃µ� +

a

fa

�

8�
C�Fµ�F̃µ�

JPQ
µ =

�

�

QPQ
� �̄�µ�5�

ARIADNE



still a bit far from the desired sensitivity

ADMX 2018

Axion searches: current



QUaerere AXions

Use the coupling to the electron spin (to avoid the frequency cutoff)

and (try to) detect the RF power emitted by the coherent
magnetic dipole oscillating at w = ma

QUAX collaboration 

2018

The experiment in principle The current status



Thanks to Gianni 
(and to the QUAX Collaboration)



A quick introduction to axions

La = �1
2
|�µa|2 +

�µa

fa
JPQ

µ +
a

fa

�S

8�
Gµ�G̃µ� +

a

fa

�

8�
C�Fµ�F̃µ�

JPQ
µ =

�

�

QPQ
� �̄�µ�5�

U(1)-symmetry (PQ) spontaneously broken at a scale fa

Suitably extend the SM to include an exact classical

�V (a,⇡0)

In the cosmic evolution, at T . ⇤QCD

ma ⇡ 6 µeV (
1012GeV

fa
)

⇢a = m2
aa

2 / T 3 / 1/R3

) < a >= 0 hence ✓ = 0

hence Cold Dark Matter

⌦a ⇡ (
6 µeV

ma
)7/6 hence ⌦DM ⇡ 0.2 ma ⇡ 20 µeVat

Due to a mixed anomaly, a pseudo-GB,   , arises, so thata


