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SUSY pu problem

m SUSY-preserving term
W D uHyHy generically
suggests u ~ O(mp)

m Phenomenology requires
u~ 0(100) GeV

SUSY EWSB conditions

2 d 2 u 2
m2  my +X8—(my —Xp)tan g
m Usually forbid ;2 by some 72 = fa 0 (2 al ] u)
symmetry, then generate ta”~ B -
effective x term by some ~—mpy — T4 (t2) — P
mechanism to give weak

scale value —
= Gan generically measure
tuning by fixing mz to
experimental value - each Agw = |max EWSB rhs|/(m2/2)
EWSB contribution should be
comparable to my!
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The string landscape

m String landscape provides > O(10%%9) vacua - need statistical studies

m Perturbative SUSY breaking assumed a power law pull on soft terms, with
exponent 2ng + np — 1 depending on hidden sector (Denef & Douglas)

m Arguments by Agrawal et al. (Phys. Rev. D 57, 5480) suggest that if myeax Were
2 — 5 times larger, atoms would be unable to form

m Veto solutions with weak scale outside those bounds (anthropics)

m Distribution of A independent of SUSY breaking scale - allows us to ignore fo¢
and focus on fsusy and fewer

Landscape distributions

2ng+np—1
fsusy ~ Mgy,
ou PU
fewrr ~ O(N - Mygeay — Myear)

2 2
ANvac (Migden> Mweaks N) = fsusy - Tewr - foc - dMpiggen

(arXiv: hep-th/0405279)
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Our procedure

m Take 2 solutions to p problem:

Gravity-Safe Peccei-Quinn (GSPQ)
Giudice-Masiero (GM)

m Scan over appropriate soft terms, and Landscape distributions
PU ou

veto points with m; 2, > 4m

weal weak
(corresponds to Agyw = 30) A=
. . . . fSUSY ~ m- FTD
m Veto points with either CCB minima or soft
no EWSB fEWFT ~ @(30 — AEW)

m We end up with a p distribution
predicted by string landscape

m Since GSPQ also has PQ sector, also
have f; distribution

(see e.g. Baer et al. arXiv: 2005.13577)
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GSPQ Model

m GSPQ model introduces PQ fields X, Y charged under Z§4 where U(1)pq
emerges as an accidental, approximate global symmetry (see e.g. Baer, Barger,
Sengupta arXiv: 1810.03713)

WS x2H H + xRy
mp mp

Additional non-renormalizable terms suppressed by O(m;‘:)
F-term and soft terms give relevant contributions:

Ve D |f ¢%/mp[? + [3f ¢k by /mp|?,
Vsoit D M |ox|? + m& |dy |2 + (f As 5 by /mp + h.c.)

Breaking ZZ with large — Ay (also breaking PQ) induces p term, with p ~ ;—‘;v)z(

Gives us p term and a DFSZ axion
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Minimization

Vaspq minimization conditions

9lf|? 2 f*A*
0= —lz‘ v)%‘ vy + —LviS + mvy
P 2
32 | 2 18|f2 3f* A
OZW‘ V)%‘ vx+ =g P Iy P ux + =L viEvy 4 mivx
2 P

m Taking A¢, f € R gives vy, vy € R
m Further assume common scalar mass my = my = Mg, = mg and set f = 1
m Solving resulting minimization conditions for given my, As gives values of
Vx, Vy
m This then gives us p = %vﬁ for a given A, ~ O(0.01 — 1)

m No solutions for |A¢|/my < v/ 12 - gives lower bound for p for given Ay!
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Parameter space scan

m Non-universal Higgs SUSY model (NUHM2)
parameter space specified by

Mo, M2, Ao, tan B, p, ma Parameter space

m GSPQ sector adopts my = my = my and
Ar = 2.5A mo €[0.1,20] TeV
m Soft terms take n = 1 statistical draw, tan 3 my /5 €[0.5,5] TeV
takes uniform statistical draw //‘ . 5’0 o
m 3 samples, taking A, = 0.05,0.1,0.2 — &[S0
L - my €[0.3,10] TeV
m Calculate vy, vy from minimization conditions,
then use derived 1 values in Isajet to calculate tan 8 €[3,60]
MSSM spectra and Agwy

m Also calculate fa = 1/vZ +9v2
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Results (A, =0.1)

Ay vs g for any mI (A, =0.1)
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Results (A, =0.1)

. distribution (A, = 0.1)
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Results (comparing \,,)

o distribution  (mf2, < 4m22 )
sl el distribut TR
o1 Jfa distribution  (myg, < Amg)
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Giudice-Masiero

GM Kahler potential
® Most common mechanism is Giudice-Masiero

(GM) mechanism K> %ﬂhTHL,Hd +hec.
P

m MSSM p term forbidden by some symmetry,
but Kéhler potential has Planck suppressed

m F-term of h acquires VEV ~ m2 ...

= induces p term with & ~ )\GM'"“%;‘Q" my €[0.1,20] TeV
m Since jqy comes from single F-term, takes my 2 €[0.5,5] TeV
soft term n = 1 statistical draw _ Ao €0, 50] TeV
m Take A\gy =1 € [25,450] GeV
m Similar procedure to GSPQ (same anthropics) ma €[0.3,10] TeV
tan 3 € [3,60]
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Giudice-Masiero
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Results
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Summary

m Both GSPQ and Giudice-Masiero solutions to . problem have phenomenologically
viable distributions in the landscape

m my ~ 125 GeV after anthropic selection in both, and sparticles tend to be pulled
beyond current LHC reach

m In addition, GSPQ predicts PQ scale neatly confined to
fa ~ (0.5 — 2.5) x 10" GeV

Questions?
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Summary

Thanks!
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