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Theory



Randall-Sundrum Model
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Hierarchy is solved by a conformal factor on the metric
radion, a goldstone boson of SBSI



Goldberger-Wise Mechanism

Radius is stabilized by introducing a bulk scalar field
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Small explicit Scale Invariance breaking term
V(p) = —const — 2¢k*¢°

where € parametically small



Quartic Potential

® Classically Scale invariant
Vers = AX

X adilaton(=radion) field with scaling dimension 1

A = 0: minimum arbitrary — SBSI SUSYiike V =
A > 0: minimum at zero — no SBSI, branes collide I
A < 0: x — oo, no scale invariance theory, brane flies away V=—

® Small explicit breaking
dX
Vepr = AAGOIX' w5 =070

A Energy dependent




CPR Mechanism

Contino, Pomarol and Rattazzi

RS+GW § CPR
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No RS IR tuning needed

Bellazzini, Csaki, Hubiz, Serra, Terning (2013) . . L .
Not covering in details in this talk




RS Model

Vacuum Energy

Viet = Vuv + Vrev + Vir

VUV = Vacuum Energy at the UV cutoff scale

Vre.1y = Contribution of the broken conformal sector
(EWSB etc)

VI R = Contribution of all low scale phase transition

below the EW scale (QCD etc)



RS Model

Vacuum Energy

Viet = Vuv + Vrev + Vir

VUV = Vacuum Energy at the UV cutoff scale
~ AUV — Tuned

Vre.1y = Contribution of the broken conformal sector
(EWSB etc)
~ e(TeV)*
VI R = Contribution of all low scale phase transition
below the EW scale (QCD etc)
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RS Model

Vacuum Energy

Viet = Vuv + Vrev + Vir

VUV = Vacuum Energy at the UV cutoff scale
~ AUV — Tuned

VTeV = Contribution of :Esv I;l;)kctan) conformal sector
etc
~ e(TeV)*

VI R = Contribution of all low scale phase transition
below the EW scale (QCD etc)
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M
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RS Model

Vacuum Energy

Viet = Vuv + Vrev + Vir

VUV = Vacuum Energy at the UV cutoff scale
~ AUV — Tuned

Vre.1y = Contribution of the broken conformal sector
(EWSB etc) B
~ €(T€V)4 e ~ 10 60
too light scalar
VI R = Contribution of all low scale phase transition
below the EW scale (QCD etc)
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RS Model

Vacuum Energy

Viet = Vuv + Vrev + Vir

VUV = Vacuum Energy at the UV cutoff scale

~ A
uv Tuning?
Vre.y = Contribution of the broken conformal sector

A~—___ > Improve on SUSY suppression of CC

VI R = Contribution of all low scale phase transition
below the EW scale (QCD etc)
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Phenomenology



Constraints

ALP Constraints / Mostly the same for a Scalar
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Jaeckel, Spannowski (2016)




Interactions

[Terning et al, 2012]

Dilaton coupling to gauge boson
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Couples to Nucleons through gluons

gC,NNmNa/\_IN — <N

Coupling a free parameter!

1
—ZgJGGcT GjuGa'uV /V>

15




Supernova 1987a

Bound on Energy Loss Rate by a novel particle
E.o < 5 X 10526rg/5.

from | |
Enew < O(10%) X E,
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Supernova 1987a

Production

Nucleon-Nucleon Bremsstrahlung through one pion exchange
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Supernova 1987a

Production
¢ — f AT, dTL,dNT5dTLdNT, (27) 6% (p1 + P2 — P — pa — Do) B
X S| Mp|? f1f2(1 — f3)(1 — f4),
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Ishizuka, Yoshimura (1990)

+ Phase space integration —— Corrected in arXiv:1711.02697v2
[F. Abu-Ajamieh, JL, J. Terning]
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Supernova 1987a

Production
¢ = / dI1,dlydI13dI1,dI, (27)* 6% (p1 + p2 — P3 — Pa — Do) E,
XS|Mp|* frfa(1 — f3)(1 — fa),
Trapping

1
N o /all'[lc1l1'[2c1l1_13c1l1_14(27T)454(p(7 + p1 + p2 — P3s — P4)

X S|Mal? fifo(1 = f3)(1 — fa),
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Supernova 1987a

Production
¢ = / dI1,dlydI13dI1,dI, (27)* 6% (p1 + p2 — P3 — Pa — Do) E,
XS|Mp|* frfa(1 — f3)(1 — fa),
Trapping

1
N o /all'[lc1l1'[2c1l1_13c1l1_14(27T)454(p(7 + p1 + p2 — P3s — P4)

X S|Mal? fifo(1 = f3)(1 — fa),

E=Y [ / " dnrdr &(T, p) expl—(rs — 1) /)\z-]] T exo [_%] erg 5!

i i—1 j>i

1 : sequence of layers of SN
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Supernova 1987a
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Coupling Constraints

ALP
o CaNN L Caﬁv C C
JaNN — f y Jayy — f aNN ™~ Cavyy
Radion
CO'NN Cavqf

JgoNN — A y Joyy — A CJNN, Cgfw Independent
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Conclusion

e RS IR tuning avoided by small explicit Sl breaking

e Electroweak contribution to vacuum energy suppressed
by orders of magnitude

— From TeV to much below

e Naturally independent go~~ and goNN

— Not a case for ALP
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Thank you



