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High Scale SUSY at 100TeV - PeV

« Consistent with cosmology (good DM candidate, no Gravitino/Polonyi problem)
«/ Model building is very simple and consistent with 125GeV Higgs !

' Fine-tuning problem between O(10-1000)TeV and vew = 174 GeV...

A
Pure Gravity Mediation model
MSSM sectorl 100TeV =+
: 1 - PeV
SU8Y sector |.--- R sector 10TeV =
They are connected by generic
Planck suppressed operators 1TeV ==
with each other.
[04 Wells, 06°’MI,Moroi, Yanagida,12 MI, Yanagida,
12 Arkani-hamed, Gupta, Kaplan, Weiner,
Zorawski...] 100GeV ==

Mini-Split Spectrum

sfermions
Heavy Higgs bosons

Higgsino ~ m3;2 = 0(100)TeV

Anomaly Mediation

: = R-symmetry suppressed
Gluino

Bino

Wino

Higgs boson (125GeV)

Gaugino Masses are One-Loop Suppressed !

Gaugino Masses = Anomaly Mediation + Higgsino Mediation
[99 Giudice, Luty, Murayama, Rattazzi, '99 Gherghetta, Giudice, Wells]

Neutral Wino (superpartner of W/Z boson) is the candidate for dark matter !




High Scale SUSY at 100TeV - PeV
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« Aunique feature : degenerate mass spectrum
of charged Wino and neutral Wino

Am = M, — Mo = 164 MeV

@ 2-loop [12° MI, Matsumoto, Sato]

« The charged Wino has a rather long lifetime
Main decay mode : y* — ¥ + 7+
2 1/2
L = 7 4 x) = 2 F2(G0)% Am? (1 " )
- -

- Am?
< Twino = @(10_10) S

Leptonic modes : y* — y° + e* + 1, (2%)
oty v, (0.5%)

+ The charged Wino leaves a disappearing charged track ! [06°'Mi,Moroi, Yanagida]
One of the most important channel to test the Wino scenario !



NLO calculation of the main Wino decay

+ Current Constraint from disappearing track search

~t 0 x 7 . .
X, %,» %, X, production (wino) tan =5, u>0
§|10 é T | T s‘L T F_‘ T | T N T | T T T E
&I R ] 95%CL limit on the Wino mass by ATLAS
F 3L i
2r i
m, > 660 GeV
1= =
b P , : [Eur. Phys. J. C 82 (2022) 606]
ook "’:,'.""": -------- \.'.‘.'.\,‘.'.’ ............ - 2 4
oa S . -~ ATLAS |
ral /s=13TeV, 136 fo 7
004 ik i e L
' o ——— ATLAS (13 TeV, 36.1 fb™', EW prod. Obs.)
0.02F - ATLAS (8 TeV, 20.3 fb™', EW prod. Obs.)
------- Theoretical line for pure wino 4 2 1/2
0.01L— AT N T SO NN AN R S A B R F — — 0\ F2 GO 2A 3 m7‘(‘
200 400 600 800 1000 tree(X — T+ X ) - — ﬂ.( 7r) m 1 — 5
m(x,) [GeV] 0 — Am

2-loop

+/ So far main decay mode is calculated only up to the leading order,
although the mass difference @NLO( = 2-loop) is used.

QED NLO analysis of the decay width is important to know the uncertainty!



N

L O calculation of the main Wino deca

Simple Photon Loops ... Look easy ?

Not really... \ qurak currents
| (1)

+ Pion theory is NOT renormalizable jX
¢ (p) S >— Yi(q)

+ Non-perturbative effects exist... A

+ Weak interaction via the four-fermi interaction
IS non-renormalizable

+ IR divergence of QED (which should be canceled by
the IR divergences of real emissions).

( v(k) v(k) v(k) \

::/W(r) ‘;’ (1) i ()
v (p) ¢ v (p) +\ v (p)

Yo(q) Yo(q) Yo(q)
\_ _/




NL O calculation of the main Wino deca

Flow Chart of Matching
4 )

Matching of decay into free quarks

CRowRormi D L7 = L + Ly + 8]

Matching of current correlators (We rely on the hadron model)

, _ prQED Ch ChPT+QED
CLPT [ChPT+QED _ L Winorm) T E(Wf’nrl; T LT

\ (Theory of pion) J

e.g. QED NLO analysis of 7~ — p+ v, + (¥)

1959 Kinoshita, 1986 Marciano&Sirline (No hadronic effects),
— 2006 Descotes-Genon&Moussallam (hadron effects)



NLO calculation of the main Wino decay

Ty |em]

07y |NLo /7y [%0]

e e e
S = N W

S N = O 0 OO N o ©

T I T T T T T T T 101
One-loop decay ——
Uncertainty from éAm = +0.3 MeV 0
Uncertainty from QCD s
Tree-level decay ---- 7|
B 10°
7y
N =R
B T o
N — ] 1071
L Lo - |_ 10_2
100 1000 10000
my |GeV]

| One-loop decay (This work) ——

| | |
Observed limit (+1 atheorys =
Tree-level decay

0.24 '
0.22
0.2
0.18 -
0.16 =— | | | i
qoo 620I 640 6?60 680| 700

100

200 300 400 500 600
my |GeV]
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«/ Now, we can make prediction of the wino lifetime at the O(1)% precision.

«/ The NLO effect is around 2-6 % depending on the Wino mass
[much larger than naive expectation O(a/4r)]

« The lower limit on the wino mass gets slightly tightened.
[The uncertainty are dominated by the 3-loop Am and production cross section]



Wino DM vs Thermal Leptogenesis (work in progress)

/' Wino dark matter and thermal Leptogenesis is consistent only for
[11 MI Yanag/da] https://darwin.physik.uzh.ch/darwin.html

10" g 104
in-independent
Non thermal DM - spin-independen
1010 from the gravitino decay |
— 1 '_‘10"”
< dominates T T
O 100 B e o N E 10+
o =
= 2 10
— 3
S Reheating temperature S -
O [ . =3 Dark> = . . .
9w appropriate for Wino . " Wino Prediction
dark matter. 10 N (0T Y)
106 . T T T EO A SR RNR L 107 I-H-‘ . 1 i . . L T
500 1000 1500 2000 2500 T3000 56 810 20 30 40 60 100 200 400 600 1000
WIMP mass [GeV/c?]
m,/GeV

Thermal DM dominates [10, Hisano Ishiwata Nagata]

[07 Hisano, Matsumoto, Nagai, Saito, Senarmi]

Line y-ray from Galaxy center
[Phys Rev.Lett. 130 (2023) 6, 061002 ]

Zio». | MAGIC collaboration,

y e The Wino with thermal leptogenesis
660 GeV < m, < 1.5TeV

& is under siege.

. wmm Einasto (cuspy) 3
% Wino prediction (<ov>,, + 1/2 <ov>, )
X Thermal wino DM (2.7 - 3.0 TeV)

10

Region Wino DM & Leptogenesis

consistent

10?
mpy [TeV]

e Burkert (cored (We are going to revisit the uncertainties of
% Cored Zhao
| & == NFW (cuspy)

the theoretical prediction of m, from leptogenesis)



