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Today, I would like to discuss:

1. What kind of SUSY model is (still) interesting?

2. What can future 100 TeV pp collider do?



1. Model



Mass spectrum of our interest

e Sfermion and Higgsino masses are of O(100) TeV

= Heavy stops are good for my, ~ 125 GeV

e Gaugino masses are loop suppressed, and are of O(1) TeV

= Thermal relic Wino can be dark matter, if my ~ 2.9 TeV
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Anomaly mediation + pure gravity mediation
[Giudice, Luty, Murayama & Rattazzi; Randall & Sundrum; Ibe, TM & Yanagida;

Ibe & Yanagida; Arkani-Hamed et al.]
MSSM

D = 6 Kahler interaction

Giudice-Masiero

SUSY breaking sector
(No singlet)
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e T he most general supergravity Lagrangian with Planck-
suppressed interactions

e NO singlet in SUSY breaking sector

e Scalar masses are of the order of the gravitino mass mg»



Gaugino masses: loop-suppressed relative to msg)s
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e Gaugino masses are determined by mg/; and L
= We take mg/y ~ |L| ~ O(100) TeV

e Wino (gaugino for SU(2);) is likely to be the LSP



2. What Can We Do with 100 TeV FCC-hh?



Sample points for MC studies (mg; < mg < my)

Point 1 Point 2
ms /o TeV 200 302
L [TeV] 300 750
mg :TeVZ 3.7 4.1
My, :TeVZ 2.9 2.9
mg TeV] 0.0 7.0
o(pp — gg) [fb 7.9 2.7

e Br(§j — Wqq) = Br(§ — Bgq) = 0.5
I discuss gaugino mass determinations at 100 TeV FCC-hh

= How and how well can we determine gaugino masses?



Charged Wino decay: W* — WWor®

- o Amy >~ 165 MeV

% ® CTyirs ,yiro .+ ™ D.8 cm
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Charged Wino may be identified as short high-pr track

o IW*-tracks can be reconstructed by inner pixel detector
e SM background is negligible, requiring two WE-tracks

& Probability to have one fake track: O(107°)
Timing information is available: §t ~ O(10 ps)

= 00 ~ (a few —10) % (in our MC analysis, §5 =6 %)



Event of our interest (due to pp — Gg):

HCAL
\

ECAL .
T~ - Charged Wino

Outer tracker > =

Inner pixex detector
- Jet

Beam pipe (IP)

e We require two charged Winos with Ly > 10 cm
e We also require pi™ > 1 TeV

= SM background is negligible



Measurement 1: WIino mass

WIino mass can be measured by combining velocity and
momentum information

Wino momenta are determined from the conservation of p§5°t)




Reconstructed Wino mass
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Sample Point 1
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e True Wino mass: 2900 GeV

histmwno1

Entries 250
Mean 2952
Std Dev 920.8
Mwno(Gauss) 2911+ 54.8
o 695.8 + 54.8
A 232 =:22

0.7339 = 0.2527
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e We use Winos with f£;. < 0.8
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Sample Point 2

2000

histmwno1

Entries 103
Mean 3104
Std Dev 1056
Mwno(Gauss) 3119 = 101.9
o 752.6 = 105.3
A 7.987 = 1.259

0.4189 = 0.2033

4000 6000
Wino Mass (GeV)



Measurement 2: BinO mass

W : fat jet

oot

W*: short high p track

e Wino momentum is known (if Ly is long enough)
e VV-jet may be identified as a fat jet

= We use jets with m; ~ my

Reconstructed Bino mass (assuming my, is known)

mE = mpugs +pw)? With wge = (3w, By



Jet mass distribution (for Point 1)
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= For the Bino mass determination, 70 GeV < m; < 90 GeV



Reconstructed Bino mass (using true Wino mass)
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Sample Point 1

00 4000

histmbno1
Entries 581
Mean 4232
Std Dev 706.3
Mbno(Gauss) 3628 + 9.3
o 70.38 + 10.80
A 19.26 = 2.90

Cc 3.917 £ 0.217

5000
Bino Mass (GeV)

e True Bino mass: 3660 GeV or 4060 GeV
e We use jets with 70 GeV < m; < 90 GeV
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histmbno1
Entries 264
Mean 4353
Std Dev 701.9
Mbno(Gauss) 4060 + 11.3
o 62.51+ 10.80
A 10.51+ 2.08
C 1.621+ 0.137
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Bino Mass (GeV)

6000



Measurement 3: Gluino mass (with hemisphere analysis)

Hemisphere 1

Hemisphere 2

Reconstructed gluino mass

(rec) -
mg \/PHem|sphere with PHem|sphere — PWi T Z Pj
JjeEH



Reconstructed gluino mass (with true Wino mass):
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Sample Point 1

5000

histmgno1
Entries 756
Mean 6242
Std Dev 1782
Mgno(Gauss) 5932 = 54.7
o 1224 + 49.3
A 4224 + 217

Cc 1.687 = 0.277

10000
Gluino Mass (GeV)

#/200 GeV /10 ab™

N
o1

N
o

-
)

-
o

Sample Point 2

5000

histmgno1
Entries 348
Mean 6883
Std Dev 1918
Mgno(Gauss) 6631 = 100.0
o 1511+ 85.7
A 15.54 = 1.15

C 0.7323 + 0.2231

10000

Gluino Mass (GeV)

e True gluino mass: 6000 GeV or 7000 GeV




Summary



Gaugino mass determinations may be possible

Sample Point 1 (with £ =10 ab™);

0om g OMmy, 0m;

5 8GeV  61GeV  59GeV

Due to omy; | 61 GeV — 61 GeV

Total 62GeV 61GeV &85GeV

= Test of the model
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Information about the mechanism of SUSY breaking
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= Determination of mg/, |L

= Impact on cosmology
FCC-hh can have significant impact on BSM studies

e Discovery

e Measurements



Back Ups



Cosmological difficulties caused by gravitino
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[Kawasaki, Kohri, TM, Takaesu]

= M3z < 10 TeV & Tr 2 10° GeV seems interesting

= Simple thermal leptogenesis may work, if mg/z,\, 10 TeV



Gluino decay

§— qqB, qgW

Assumptions:

e Br(g— qqgW) = Br(§j — qgB) = 0.5

e Gluino decays into all the generations universally



Bino decay

B — WTW=, hiw

W e h
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In the sample point of our choice:

e B — WEWT dominates

e B — ffWW¥ is negligible



Flow-chart of our MC study

( MadGraph5 for gluino pair production )

|

(PYTHIA (decay and hadronization)

(Delphes (detector simulationD

Y

(Analysis Code (Fortran)\

Wino velocity smearing Wino inf
Cuts Ino Info.

Invariant masses
Hemisphere analysis

L )

Y

e We take £ =10 ab™!

e \We consider only gluino pair production events



Reconstructed Wino mass: pp — WTW

Wino Mass (10cm & 10cm)
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= dm\?*® ~ 130 GeV (with £ =30 ab™")



Hemisphere analysis with two observed Wino tracks

e Two charged Winos are assigned to different hemispheres:
WfeHy, (A=1,2)
e For each high pr jet:
{ﬁ6f51Wd@mJ%)<d@mﬁ%)
ji € Hy: if d(pu,, pj,) < d(pm,,pj.)
Momentum of A-th hemisphere H4

PHy = Pyt + 2 D,
Ji€H A
Distance function
[See De Roeck (Editor), CMS Physics TDR]

(En — [Pyl cos Onj) En
(Ew + £j)?

d(pm,p;) =



