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|. Astrophysical axion bounds [critical approach]
2. Axion couplings [in standard axion models]
3. Re-opening the axion window [astrophobia = nucleophobia + electrophobia]

4. Flavour complementarity
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Astro axion bounds

* Stars as powerful sources of light and weakly coupled particles

- light: mq S 10T, (e.g typical interior temperature of the Sun ~ | keV)

Y

- weakly coupled: otherwise we would have already seen them in labs |
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Astro axion bounds

* Stars as powerful sources of light and weakly coupled particles

- light: mq S 10T, (e.g typical interior temperature of the Sun ~ | keV)

Y

- weakly coupled: otherwise we would have already seen them In labs !

* constraints from “energy loss’, relevant when more interacting than neutrinos

neutrino interactions (d=6 op.) axion Iinteractions (d=5 op.)
Gpm?~10"" Me 1912 (108 GeV)
Ja fu
| 10° GeV
axions are a perfect example ! Mg ~ Agyep/fa = 0.1 eV ( ; © )
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* Horizontal branch star evolution in globular clusters 87 [
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Axion landscape

fA (GeV)
10'710"°10"°10"10"310"210""10"° 10° 10® 107 10°® 10° 10* 10 10% 10" 10° [Ringwald, Rosenberg, Rybka,

ememm iiicemam e me

Dk Miafiar (pre-dnflation PG Hliase Tracelion) LUX (gpeq, DFSZ) \ Particle Data Group (2016)]
Dark Matter (post-inflation PQ phase Lab eXC| USiOﬂS

Telescope/EBL Beam Dump

SN1987A (gapp KSVZ) Counts in SuperK

RGs in GCs (gpee DFS2)

a
- &
o= ) -
2 Exp. sensitivities

IAXO

Astro/cosmo exclusions

Black Holes

ADMX G2

ADMX

CASPEr

1010"°10° 10® 107 10° 10° 10* 102 102 10" 10° 10" 10% 10® 10* 10° 10°
Axion Mass m, (eV)

* White dwarfs luminosity function (cooling) (@ -nnnnes Cemef—[ié%e]
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Axion landscape
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* Red giants evolution in globular clusters
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[Ringwald, Rosenberg, Rybka,
Particle Data Group (2016)]
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Axion landscape
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* Burst duration of SNI1987A nu signal (R
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Axion landsca
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[Ringwald, Rosenberg, Rybka,
Particle Data Group (2016)]

L ab exclusions

Astro/cosmo exclusions

Exp. sensitivities

* Bound on axion mass Is of practical convenience, but misses model dependence !
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Axion models [EF |

* Only ingredient to wash out strong CP problem is

ﬁ%GWéa
fo 8 ¢ HY

- generates "model independent” axion couplings to photons, nucleons, electrons, ...

C, =—-1.92(4) C, = —0.47(3) C, = —0.02(3) Co ~0
[ Theoretical errors from Grilli di Cortona et al,, 151 1.02867]

- EFT breaks down at energies of order f,

UV completion can still affect low-energy axion properties ! <:
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Axion models [UV completion]

* Axion as a PGB of QCD-anomalous global U(|)pa:

anomalous PQ breaking (fermion sector) + spontaneous PQ breaking (scalar sector)

U(1)pq x SU(3)?

N\

SM fermions BSM fermions
N\ N\
2Higgs 2Higgs+Singlet Higgs+Singlet
POWW DFSZ KSVZ
[Peccei, Quinn '77, [Zhitnitsky '80, [Kim '79,
Weinberg '78, Wilczek '78] Dine, Fischler, Srednicki ‘817 Shifman, Vainshtein, Zakharov '80]
EXCLUDED (Singlet) > v :“Invisible”™ axion models
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Axion models [UV completion]

* Axion as a PGB of QCD-anomalous global U(|)pa:

anomalous PQ breaking (fermion sector) + spontaneous PQ breaking (scalar sector)

U(1)pq x SU(3)?

N\

SM fermions BSM fermions
2Higgs+Singlet Higgs+Singlet
C,=FE/N—1.92(4) DFSZ KSVZ

Cpan)e # O Cp ~ _0.5
Cn,e = O
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Astrophobia

* |s it possible to decouple the axion both from nucleons and electrons ?

nucleophobia + electrophobia = astrophobia

* Why interested in such constructions ! [LDL, Mescia, Nardi, Panci, Ziegler 1712.04940]

|.1s It possible at all

2. would allow to relax the upper bound on axion mass by ~ | order of magnitude

3. would improve visibility at IAXO (axion-photon)

4. would improve fit to stellar cooling anomalies (axion-electron)  [Giannotti et al. 1708.021 | 1]

5. unexpected connection with flavour
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Astrophobia

* |s it possible to decouple the axion both from nucleons and electrons ?

-8  nucleophobia + electrophobia = astrophobia

* Electrophobia

- conceptually easy (e.g. couple the electron to 3rd Higgs uncharged under PQ)
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Astrophobia

* |s it possible to decouple the axion both from nucleons and electrons ?

-8  nucleophobia + electrophobia = astrophobia

* Nucleophobia

- Is the real bottleneck !
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Conditions for nucleophobia

* Axion-nucleons couplings [Kaplan NPB 260 (1985), Srednicki NPB 260 (1985), Georgi, Kaplan, Randall
PLB 169 (1986), ..., Grilli di Cortona et al. [511.02867]

Cq qulufy5q q = (u7d787°' )

EFT-1: quarks and gluons (in the basis where cq contains aGGtilde contrib.)

o,a

Eszfa

CnyNSHN N = (p,n)

EFT-11: non-relativistic nucleons
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Conditions for nucleophobia

* Axion-nucleons couplings [Kaplan NPB 260 (1985), Srednicki NPB 260 (1985), Georgi, Kaplan, Randall
PLB 169 (1986), ..., Grilli di Cortona et al. [511.02867]

(p|Lqlp) = (p|LN|P)

st Aq = (p|gv,754|p)

»Cq — 2fa Cq 67M75q
Cp+Cn = (cutca)(DutAg) =20 [5; ~5%]
Cp—Cn = (cu—ca) (Bu—Dg)
Independently of matrix elements:
9 4 (1): Co+Cp = 0 if cy+cqg=0
ENZQ;GCNNS“N (2): Cpo—Cp = 0 if cy—cg=0
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A no-go In KSVZ & DFSZ

S ~ a 3
Ly D Vel + “ut [Xu uyPysu 4+ Xg dfy“’y5d]
fa ST VpPQ
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A no-go In KSVZ & DFSZ

S ~ a 3 T
Ly D Vel + “ut [Xu uyPysu + XgdyHysd
fa ST VpPQ i

X

|
_ vprQ Opa | Xu 4 d oon
(fo=52) o, [N uytysu + o dy 75d]
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A no-go In KSVZ & DFSZ

S _ _
LoD o 9GG + 22 [ X, ay ysu + X dy ysd
Ja VpPQ )

6ua Xu Xd—
uy* ——~ d~vPAed
zfa[Nuv%quN 775]
)(u_> Xu mq )(d_> Xd My,
w--—} — = Cy = — — = cqg = —
N N  mg+m, N CTN T mg +my,

L. Di Luzio (IPPE Durham) - Astrophobic Axions



A no-go In KSVZ & DFSZ

~ 0 _ _
LoD o 9GG + 22 [ X, ay ysu + X dy ysd
Ja VpPQ -

oua | Xy X, —
uy" — d~yH*ysd
2fa [NU/Y 7511’—'_ N Y Y5 ]
&“ Xu N Xu mq Xd . Xd My,
N N mg+my N ¢ N  mg+my
|st condition 0= ¢, + ¢4 = ~ ] X
o X, — Xd mqg —m
2nd condition 0=¢, —cg = — _ u
: : N Mg =+ My, V
2173
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A no-go In KSVZ & DFSZ

KSVZ

> —1
v oy X, = X, =0
. L+
|st condition 0= ¢, + ¢y = ~ d_q
DFSZ 1
> ——1
N = ny(X, + Xa) Ng
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A no-go In KSVZ & DFSZ

Nucleophobia reguires DFSZ models with non-universal
(1.e. generation dependent) PQ charges, such that

N:NlEXu—|—Xd

KSVZ
> —1
v oy X, = X, =0
. L+
|st condition 0= ¢, + ¢y = ~ d_q
DFSZ 1
> ——1
N = ny(X, + Xa) Ng
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Implementing nucleophobia

e Simplification: assume 2+ structure X,, = X,, # X,

N=Ni+N;+ N3 =N, — Ny = Ny = —Nj
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Implementing nucleophobia

e Simplification: assume 2+ structure X,, = X,, # X,
N = N; 4+ Ny + N3 =N, S N1 = Ny = —Nj3

* N1+ N3 =0 easy to implement with 2HDM (H/, Hy, Y(H12) = -1/2)

Ly DO qsusH; + (73d3ﬁ2 -+ ((131&2... + .. ) = N3rd = 2Xq3 — Xu3 — Xd3 = X1 — Xo
+ QuoHs + Goda Hy + (Gods... +...) ||= Nona = 2X,, — Xy, — Xa, = Xo — X3

* |st condition automatically satisfied
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Implementing nucleophobia

* Simplification: assume 2+ structure X,, = X,, # X,

N =N; + Ny + N3 =Ny

N1 = Ng = —Nj3

* N1+ N3 =0 easy to implement with 2HDM (H/, Hy, Y(H12) = -1/2)

Ly DO qsusH; + (73d3f'12 -+ ((13u2... +.. ) - N3rd = 2Xq3 — Xu3 — Xd3 = X1 — Xo

* )nd condition can be implemented via a 10% tuning

tan 8 = vy /v . _Cd:Xu_Xd_md_m“:Q 02’\“2/3
u N My, 1 Mg -
. _ 2 TV N VO o
X1/X2 = —tan®f ch—s% ~1
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Flavour connection

* Nucleophobia implies flavour violating axion couplings !

[PQq, Y, Ya] # 0 Cadsdy < (V) PQuVa)izs # 0

e.g. RH down rotations become physical
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Flavour connection

* Nucleophobia implies flavour violating axion couplings !

[PQq, Y, Ya] # 0 Cadsdy < (V) PQuVa)izs # 0

e.g. RH down rotations become physical

* Plethora of low-energy flavour experiments probing Out F™(CY + Chns) f

2fa
- K> 7ma @ my<10x 10—4|é\vf [E787, E949 @ BNL, 0709.1000] NA62
sd
- B> Ka: mg<37x107? ‘g\‘i [Babar, 1303.7465] o-v* Belle-l
bs

[Crystal Box @ Los Alamos, Bolton et al PRD38 (1988)]

- u—ea  m,<34x1073 eV
Vienl + el
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Astrophobic axion models

fa |GeV] [LDL, Mescia, Nardi, Panci, Ziegler 1712.04940]
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Astrophobic axion models
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Astrophobic axion models

fa |GeV] [LDL, Mescia, Nardi, Panci, Ziegler 1712.04940]
109 108 107

[ I 1T 1 I ITTTT T 1T 1 I 'L' _I
KSVZ )
10-10} :
7 - , :
> TASTE .. |
D I T T

O, 10-11 :BabyIAXO :
2 IAXO. i 1
S0 B g _
— JAXOL |
( Ml ) |

M2

----- ~ M3
DFSZ O A=
' Flavor window KSVZ (E/N = 0) ]
K-> na DFSZ~I1 ]
] N | DFSZ-I ]

1073 1072 107! 1

m, [eV]

L. Di Luzio (IPPE Durham) - Astrophobic Axions [ 1/12



Astrophobic axion models

fa |GeV] [LDL, Mescia, Nardi, Panci, Ziegler 1/712.04940]
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Conclusions

e KSVZ and DFSZ are well-motivated minimal benchmarks, but. ..
- axion couplings are essentially UV dependent

- worth to think about alternatives when confronting exp. bounds and sensitivities

* Astrophobic Axions (suppressed couplings to nucleons and electrons)
|. relax astro bounds on axion mass by ~ | order of magnitude
2. improve visibility at IAXO
3. Improve fit to stellar cooling anomalies

4. can be complementarily tested in axion flavour exp.
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Backup slides
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DM In the heavy axion window

* Post-inflationary PQ breaking with Npw # |
[Kawasaki, Saikawa, Sekiguchi, 1412.0789 1709.07091]

falGeV]
10 10"  10%% 10" 1010 109 108 107

tuned tuned

pre_inf_ 0: 50 dominant / subdominant Ll subdominant
i i
. dominant .
pOSt—lnf_ (NDW = 1) overclosure (uncertainty?) subdominant

overclosure

post-inf. (Npw = 6)

dominant / subdominant

3 102 10

107 10
mg[eV]

108 10" 10°% 10°°

Npw =3

violation

- axion production from topological defects

- requires explicit PQ breaking term

AV ~ = fg@e™ +hee. e/
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Stellar cooling anomalies

* Hints of excessive cooling iIn WD+RGB+HB can be explained via an axion

- requires a sizeable axion-electron coupling in a region disfavoured by SN bound*

[Giannotti et al. 1708.021 1'1]
L Model | Global fit includes fo[103GeV] | my [meV] | tanB | x2,. /d.o.f.
30 WD+RGB+HB 7 WD,RGB,HB 0.77 74 028 | 14.9/15
’ DFSZ I | WD,RGB,HB,SN 1 5.3 140 | 16.3/16
WD,RGB,HB,SN,NS 9.9 5.8 140 | 19.2/17
WD,RGB,HB 1.2 46 97 | 14.9/15
20 . DFSZ I | WD,RGB,HB,SN 9.5 6.0 0.28 | 15.3/16
o : WD,RGB,HB,SN,NS 9.1 6.3 028 | 21.3/17
>
C()D I
= 04 . . L
= 1 | Nucleophobic axion improves fit...
1 e
02} |
ey
00..;.|..\.|..\..| ..... ..lA
00 o5 10 15 20 25 30 *SN bound a factor ~4 weaker than PDG one !
Gae [107] [Chang, Essig, McDermott 1803.00993]
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Summary axion-photon

Region of realistic KSVZ/IDFSZ axion models

: : : . 90
Going above red line requires erther: 10
) very exotic constructions CAST
. . . ARSI
) tuning 0y < 1 (KSVZ pre-inflat.) =~ o1l
| AXO
>
Going below blue line requires a O Haloscopes
‘tuning In theory space’ < 2% S (ADMX, ...)
icg 10—13
%
/<\Q
-15| 4
10 Q%
0° 10 104 o001 1
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