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Why SUSY
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Bound on colored SUSY particles
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Figs: ATLAS-CONF-2017-022



Bound on colored SUSY particles

Squark-gluino-neutralino model, m(i?)=695 GeV
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Bound on colored SUSY particles

Squark-gluino-neutralino model, m(i?)=695 GeV
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HIggS mass
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Figure 5: Allowed values of the OS stop mass reproducing my = 125 GeV as a function of the stop mizing, with
tan 8 = 20, u = 300 GeV and all the other sparticles at 2 TeV. The band reproduce the theoretical uncertainties

while the dashed line the 20 experimental uncertainty from the top mass. The wiggle around the positive mazimal
mizing point is due to the physical threshold when m; crosses M3 + m;.

[SUSYHD: Vega, Villadoro, 2015]
[Okada, Yamaguchi, Yanagida, 1991 ...]



Flavor problem
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Flavor problem
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Pure gravity mediation
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Gauge mediation

Minimal Kahler potential

Sequestered Kahler potential

No scale supergravity
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T 9 5, ~100-1000 TeV (RHIVTI)

W oET—/(k1GeV)& 7 .
L —/\— %S 13 L\ Mediation Gauge mediation

Minimal Kahler potential

Sequestered Kahler potential

i ] No scale supergravity
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Pure gravity mediation

e« ANT—ET0ZEFT4—/1F~100TeV, 126GeVE v T R &
HAVIATYV M,

. T—Y—/BEIFO(1) TeV, 7/ XU—XT4IT—3Vh5
one-loop levelC,

. T —/D—BRVBNINENL T (LSP) TREYE D&,

E—/ I A —/ A=/
33 g7 g3 g3
1 = 5 167r2m3/2’ My =~ 167r2m3/2’ M3 =~ 3167r2m3/2’

+ NLO corrections

[Ibe, Yanagida, 2011; Ibe, Matsumoto, Yanagida, 2012] [Hall, Nomura, Shirai, 2012]

Refs for Anomaly mediation:
[Giudice, Luty, Murayama, Rattazzi; Randall, Sundrum, 1999]



Pure gravity mediation
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7 X
. Tree-levelcor—y—/|CBEE%X%5Z %N —IZHIHNER LY
DT, MAOZ—HEEDIRLN,

[Ibe, Yanagida, 2011; Ibe, Matsumoto, Yanagida, 2012] [Hall, Nomura, Shirai, 2012]

Refs for Anomaly mediation:
[Giudice, Luty, Murayama, Rattazzi; Randall, Sundrum, 1999]



LW
-
-
o
i)

lew TR - evIy—
2500 T/ DEFHEDKES
> 2000
o] | 2n5—pET L
@)
5 _ | A S 1LIRUN,
Eo’ 1500 -
1000 Myino> Mpino
500 . .myvinlo>lmgluilno:

200 400 600 800 1000

Myino/GeV  [gnhattacherjee, Feldstein, Ibe,

LHC WiﬂO SearCh’C‘TJIEIK,% MGfSUI’T’IO"’O, Yanagida, 2012]
(< 430GeV)

NLO correctionsz&®H 5 EXEDTIL1A—/ DEEN DU THEHD (~20%),
[Gherghetta, Giudice, Wells, 1999]
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Higgs-Anomaly mediation

. by ITRGFDOHHISUSY breakingizE BEENH Y FILLTWB Y F U A
JEEICHEREWN (VZET 0 —/D~100TeVTH>TH),

« AU A—UHLHCTERE M. Yukawa couplinghiii—9 %,

e« RIOA—YU - ALThY - H—I—/BEIFT/ XY —ATFT4IT—3Y
Ebev T RENSDEFEIETEL S,

e Ueh>T. SUSYD 7 L —/\—FEEH RN,

e ZDVFUALT 44—/ HIBEYE D&,

SUSY breaking riggs MSSM

(hidden sector) (visible sector)

Anomaly mediation
ZIERERTTOEY N7 W
[Yin, Yokozaki, 2016; Yanagida, Yin, Yokozaki, 2016]




Setup
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1
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SUSY breaking field
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(quark, lepton, Higgs)



Setup

f(Z, 7" + ¢l ¢,
K =—-3M%In |1 ?
Pt M3 ’

SUSY breaking field (quark, lepton, Higgs)
Sequestered Kahler potential
Tree-level CIE XTI #—0, AL RNVDEENE

SUSYD 7 L—/N\—[EZ@E<DIC, SV TILhDE

RIMMRE

(5"—3I'—/ Btree-levelTlZEEL O)

Ref. for sequestered form [Randall, Sundrum, 1999]



Setup
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SUSY breaking field (quark, lepton, Higgs)

33 g7 g3 g3
M; =~ 5 167r2m3/2’ M2§167T2m3/2, M3 =~ 3167r2m3/2’

(F—I—/BEET7/ X —AFT4IT—3Hh5)

Ref. for sequestered form [Randall, Sundrum, 1999]
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SUSY breaking field
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loop level),

(BE=XALhVOD

(quark, lepton, Higgs)

DEELHYXFAZ VY,

H T 5 (two-

LU, ALZMNVYOEBEERFEYEXEAZ Y D,

)



Setup
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Setup

77N+ b + AK
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SUSY breaking field (quark, lepton, Higgs)
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Setup

f(Z,Z") + ¢l + AK

K =-3MzlIn |1

3 M2 ’
SUSY breaking field (quark, lepton, Higgs)
AK = I H,|* + |Hyl|?
= ez (| Hul* + | Hal?),
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Ew I RBEDHHSUSY breaking fieldEEIEHY FILT B,
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Higgs mass, squark mass
and unification of Yukawa
couplings

e.g.
bottom Yukawa
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Mass spectra

Parameters Point I Point 11
CH —0.2 —0.21
tan g 44 45
Particles | Mass (GeV) | Mass (GeV)
g 4120 5050
q 2400- 3540 | 2830-4360
X0/ X7 633 786
X 1860 2330
€L.R 2660, 1200 | 3330, 1710
t1o (TeV) 34, 35 44, 45
by o (TeV) 34, 35 44, 45
T12 (TeV) 21, 29 27, 38
H=* (TeV) 13 21
hsusyHD 125.5 126.2
u (TeV) 78 100
0Ys 0.01 0.01




Short summary
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EIREDVEE < DAY,
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— Pure gravity mediation.
- 4=/ TN —/DNRZZhH,

b w T G DHHSUSY breaking field&EfFE L TWES
— Higgs-Anomaly Mediation.

—> A0 A—=0)0NA—/]T714—/DBRZ 5,

— GUTE KD O RXT > M(Yukawa couplings)s.
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Minimal Kahler potential
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Muon g-2 in GMSB models
revisited

(72T« —/HEBEYEDIER)
Yanagida, Yokozaki, arXiv:1704.00711

(See also, Ibe, Matsumoto, Yanagida, Yokozaki, 2012 (JHEP) )
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5 + 5* GMSB model

W = (Mp + kDTZ)\PD\IjD + (Mp + kL 2)¥ V5,

/ |

(3,1,1/3) (1,2,—1/2)

|
SUSY breaking field, <Z>=0 and <Fz>#0

UVp, Vi @XwvteyIv—iE
SUSY breakingZ{=EZ9Y %,
5= (¥p,¥r) 5= (¥p,Vs) of SU(B)



5 + 5* GMSB model

W = (Mp+kpZ)VpV¥p+ (My+kZ)V V5,
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5 + 5* GMSB model

W = (Mp+kpZ)VpV¥p+ (M +kZ)V V5,
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|
SUSY breaking field, <Z>=0 and <Fz>#0
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SUSY breakingZ{=EZ9Y %,
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5 + 5* GMSB model

W = (Mp+kpZ)VpV¥p+ (My+kZ)V V5,
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5 + 5* GMSB model

W = (Mp+kpZ)VpV¥p+ (My+kZ)V V5,
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5 + 5* GMSB model

W = (Mp+kpZ)Vp¥ps+ (Mg, + kL Z)V, V5,
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10 + 10 case

54+5* D4 —R TN ThE L mass splittingz B3 OHYEE U LY,

W = (Mg + kQZ)\IJQ\IJQ + (My + kyZ)VyVs + (Mg + kgZ)V Vg,
For (kU/MU) > (k‘E/ME)* Msquarks >> Msleptons
Qv (Yu) > Qy(¥p)
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W = (Mo + koZ)Tr(Xg) + (Mg + kr Z)Tr(X5) + (Mx + kx Z) X X,

24 case
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Additional Higgs soft masses

Bl Z 1.
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Muon g-2 and Higgs mass
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Mass spectra

Parameters Point 1 Point 11
Mp (TeV) 1500 10°
Ap (TeV) 1000 700
Ar/Ap 0.17 0.25
m?2, (107 GeV?) 1.69 1.09
Particles Mass (GeV) | Mass (GeV)
i 7070 4710 .
g 9030 6190 myz 2 o9 _(a 9
£ 8320 5560 9 — H M, ltree — (3-4TeV)7]
Vi 211 226 __
gh 471 482 BIGIIREDIEND AT —)L
i X 205 219 BRI BB, VTN
717 ;é 470 480 dgélﬁ MHu2 T)ﬂié’n%o
X4 746 533
€L.R 775, 1140 717, 852
1.9 578, 868 471,530 UDVNE WD BRTIZIR WD,
H* 1200 1230 )
RSM.like 127.4 125.5 — [LCOY—T v ~
1 (GeV) 213 229
tan 3 54.1 52.5
da,, (10710) 27.7 28.5

tan B (& FE1E (B(Mp=ML)=0)



Mass spectra

CMS multileptons (SUS-16-039)

CMS rrciiminary  35.9 fb' (13 TeV)
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Parameters Point I Point 11
Mp (TeV) 1500 10
Ap (TeV) 1000 700
ArL/Ap 0.17 0.25
m?2, (107 GeV?) 1.69 1.09
Particles Mass (GeV) | Mass (GeV)
g 7070 4710
q 9030 6190
t 8320 5560
Xi 211 226
G 471 482
T A=/ K0 205 219
S A4 gg 225 241
X9 470 480
X 746 533
eL R 775,1140 717,852
Flo 578, 868 471,530
H* 1200 1230
ASM-like 127.4 125.5
p (GeV) 213 229
tan 3 54.1 52.5
da,(10710) 27.7 28.5

tan B (& FE1E (B(Mp=ML)=0)
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Mass spectra

A=/
A7

Parameters Point I Point 11
Mp (TeV) 1500 10%
Ap (TeV) 1000 700
ArL/Ap 0.17 0.25
m?2, (107 GeV?) 1.69 1.09
Particles Mass (GeV) | Mass (GeV)
g 7070 4710
q 9030 6190
t 8320 5560
Xi 211 226
G 471 482
X3 205 219
X5 225 241
X3 470 480
X 746 533
€L.R 775,1140 717,852
71,2 578, 868 471,530
H* 1200 1230
hsM.like 127.4 125.5
p (GeV) 213 229
tan S 54.1 52.5
6a,(10719) 27.7 28.5
tan B (& FE1E (B(Mp=ML)=0)
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[Harigaya, Yanagida, Yokozaki, 2015]



Gaugino mediation in PGU

Parameters Point 1
Ml(MGUT) (GCV) 2600
MQ(MG[;T) (GCV) 400
MS(MGUT) (GCV) 1500
Au(MGUT) (GGV) -1700

p (GeV) 200

ma (GeV) 2000

tan 3 30
Particles Mass (GeV)
g 3200
q 2770
t 2090
X7 185
G 339
X5 180
X5 211
Xa 337
X3 1110
€L.R 554, 930
T1.2 366, 721
AgM-like 125.1
da,(10719) 25.8
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