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| INTRODUCTION
How does SUSY breaking work?

B introduce terms in the Lagrangian which explicitly break SUSY
® often considered scenario: CMSSM-like boundaries at Mgyt
, based on strong assumptions
® appealing alternative:
Gauge Mediated Supersymmetry Breaking:
SUSY masses dynamically generated by gauge interactions
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INTRODUCTION

How does SUSY breaking work?

B introduce terms in the Lagrangian which explicitly break SUSY
® often considered scenario: CMSSM-like boundaries at Mgyt
, based on strong assumptions

® appealing alternative:

Gauge Mediated Supersymmetry Breaking:
SUSY masses dynamically generated by gauge interactions

secluded sector

X; (X)=M+6’F

messenger sector

)

visible world

MANUEL E. Krauss

B fermion masses: A\; M

B boson masses: \/|A\;M|? £ |\ F|
= SUSY breaking!

[see, e.g., Giudice, Rattazzi, ’99; Martin, ’97]
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| INTRODUCTION

Problem:
Higgs mass in the MSSM:

3m2Y?
m2o = M2 cos® 28 + M ¢ In( bt ) o )+
h \Lv—’ 42 t2 ~~—
tree-level mass DA,

2 MANUEL E. KRAUSS SUSY, TRIESTE 2013



| INTRODUCTION

Problem:
Higgs mass in the MSSM:

3m2Y?
mio = M7 cos® 283 +—1 t(
~ 472
tree-level mass
= either: large stop masses or: large trilinear couplings

but: minimal GMSB predicts very small trilinear terms
= Stop mass has to be very large, m; 2 5 TeV
[Ajaib, Gogoladze, Nasir, Shafi, 12 |
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i INTRODUCTION
Problem:
Higgs mass in the MSSM:
3m? Y2
472

(

mio = Mg cos’ 28 +
—_————

tree-level mass

= either: large stop masses or: large trilinear couplings

but: minimal GMSB predicts very small trilinear terms
= Stop mass has to be very large, m; 2 5 TeV
[Ajaib, Gogoladze, Nasir, Shafi, 12 |

ideas:

B enlarge trilinear terms by introducing direct messenger-matter
interactions
[several studies in the literature/see previous plenary and parallel talks]

® | enlarge tree-level mass by considering a larger gauge group|
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| e THE MODEL
GMSB version of [Hirsch, Porod, Reichert, Staub, '12]
® consider a gauge group inspired by a SO(10) GUT group:
SO(10) MUy ST7(3), x SU(2)1, x SU(2)p x U(1)p_1

—_— SU(3)C X SU(2)L X U(l)R X U(l)B_L

MtV 5U(3)e x SU2) x U(L)y

" U(1)gr x U(1)p—1 can be rotated into another basis:
UMy x U(1)x

additional fields:
® two additional Higgs fields Yr, Xr to break
U(l)y X U(l)x — U(l)y
® singlet fields S generate neutrino masses via inverse Seesaw
Whadd = —IRXRXR
W, = Y, 0¢LH, + Ys0¢SYR + 1SS
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THE MODEL

MESSENGER FIELDS

introduce n copies of messenger 10-plets

[ [SUB).xSUR)L ] UMax UM | ULy x U, |
o, (1,2) (%,0) (%7*%)
o, (1,2) (—3.0) (-3.3)
®, (3,1) (0, —3) (-%,-1)
O, (3,1) (0,1) )

soft masses calculated at M including gauge kinetic mixing
numerical implementation in SARAH, SPheno (code publicly available)
require gauge coupling unification

free model parameters: n, F, M, tan Bg), vg, sign pr), Ys, Yi, s
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o Hicgs PHYSICS

recall: tree level mass in the MSSM:

1
2 2 2, »
M ree | et <Mz = 1(9 + 9"

now, with additional U(1), sector:

2

1
2 2 2,.2
M, tree < MZ +ngv

but: dependent on ratio of the two new wewvs, tan g = vy, /vg,

T T T T T
150 |
= ho
o
00—
I My e--mmTTTTT
< -7
S 5ol T Iy
Oke” . . . . .
1.00 1.01 1.02 1.03 1.04 1.05
tan g
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| Hicas PHYSICS

130
128
126 = Stop masses of
= 1 2-3 TeV are able to
i generate large enough
S Higgs masses

(MSSM: mz 2 5 TeV)

~

dependent on messenger
scale M
(with constant F'/M):

1x10" 5x10°  1x10" S
M [GeV]
6 MANUEL E. KRAUSS SUSY, TRIESTE 2013




Hicas PHYSICS
h— vy

3 hints to enhanced BR(h — ~7) at the LHC [ATLAS, "12; CMS, "12]
What does this model predict?

10f
0.8 . ."i’g
LA A
3 0.6 . S . ] Ry
QEI ' .o . _ _o(pp— h) X BR(h = v7)
041 1 o(pp = k) X BR(h = v¥)|sm
02f
0.0 ‘ ‘ ‘ ‘ ‘
600 800 1000 1200 1400

msz [GeV]

= Rh—)’y’y <1
complies with recent data from CMS [CMS, '13]
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PHENOMENOLOGY OF THE NLSP AND THE 7’

LSP anp NLSP

Gravitino G is the LSP:

F
m =
2 Bmp

~ O(MeV)

3 three possibilities for NLSP:

® lightest neutralino \\ (B or {r):

(n <2 and Yg nonhierarchical, or small pp)

B lightest slepton 7:

(n > 2, Yg nonhierarchical and large tan )

® lightest sneutrino 7 (5):

(Ys hierarchical)

= new with respect to usual GMSB considerations:
S- and x g-like NLSP

MANUEL E. KRAUSS SUSY, TRIESTE 2013



@X%ﬁ'ﬁé‘ PHENOMENOLOGY OF THE NLSP AND THE Z’

0 NLSP: =
CBJ 500 7
= pr > M .
bino NLSP 3
. < M o) |
new higgsino NLSP ‘ ‘ ‘ ‘ ‘ ‘ ‘

0 200 400 600 800 1000 1200 1400

ur [GeV]

YoThGG T e 1
possibly interesting: o oy 2 |
new Higgs h,, in T ool l |
SUSY cascade decays =

Sé 0.001 - 4
1074 F }Ié E

0 200 400 600 800 1000 1200 1400
ur [GeV]
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PHENOMENOLOGY OF THE NLSP AND THE 7’

7 (§) NLSP
® fermionic (bosonic) singlet fields S (S) mix with (s)neutrinos
ol v%sinQBRYg Ys/2

58 ~
® hierarchical diagonal Yg entries can give a light S-like NLSP:

N

1500

1000 1

m; [GeV]

500 -

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Y@

possibly interesting:
heavy neutrino v, in SUSY cascade decays: X} — t1vp, — v G W
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| PHENOMENOLOGY OF
7' PHENOMENOLOGY

THE NLSP AND THE 7’

bounds on Z’ mass
using ATLAS ’13 data:

My > 2.4 TeV
vg 2 6.6 TeV

0(Z") x BR(Z" — IT17) [pb]

0.010

0.005

0.002 |
0.001 |
5x107*F

2x1074F
1x107% 1

S

1600 1800 2000 2200 2400 2600 2800
A/IZ/ [GeV]

possibly interesting Z’ decays: Z' — vyvp,, Z' — U
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Conclusions

® Higgs mass is a major problem for minimal GMSB models

® extended gauge structure allows for enhanced tree-level Higgs
mass

® in a SO(10)-inspired model: minimal GMSB is not dead yet!
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Conclusions

® Higgs mass is a major problem for minimal GMSB models

® extended gauge structure allows for enhanced tree-level Higgs
mass

® in a SO(10)-inspired model: minimal GMSB is not dead yet!

Thank you for your attention!

interested?
MEK, Porod, Staub, Phys.Rev. D88, 015014, arXiv:1304.0769
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BACKUP
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The superpotential reads

"/\

WZYijA-Cij{ — Yijgi-cQjI:[d— YU CL Hd+,LLH f{d
+ YZ]ACL H, + YS v; SjXR —MRXRXR‘FMSSS

The soft SUSY breaking terms are

1
Vsoft qub (bj < ab>\ )\b + B H, Hd + BALRXRXR
+ B,y SS + T Hydf Q; + TY H,uf Q;

+ TY Hyef Ly + T Hyof Ly + T xrveS; + h-C-)

15 MANUEL E. KRAUSS SUSY, TRIESTE 2013



UNIVERSITAT
WURZBURG

ROTATIONS

The gauge couplings and charges of U(1)g x U(1)p—r and
U(l)y x U(1)y are (without GUT normalization) related via

AuﬁA/“:(i%>, Q—)Q,:<QB_L+qR)’
X

%(JBfL — 4R
N (gy gyx>
0 g )"

with
9BLYR — YBLRIRBL

gy =
v/ (98LR — 9r)% + (9BL — 9RBL)
2
Iy = 5\/(9&3 —9r)?>+ (9BL — 9RBL)?,
2931, + 9Lr) + 9BLRYR + 9BLIRBL — (9% + 9RpL)

5v/(98Lr — 9r)* + (9BL — 9rBL)?

2 9

gyx =
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boundary conditions from GMSB
® masses of SUSY particles [e.g. Giudice, Rattazzi, ’99; Martin, *97]:

Mo =167 2AZ"“
mi =2A% " Ca(k) 167r2 Z

® including gauge kinetic mixing effects
using [Fonseca, Malinskyi, Porod, Staub, ’11]

2
MA;&Abelian :#A Z TLA(Z)!](I

Mii=avetian =163 (Zg )GTNQ;Q TNG)
2
mj; = W/\z( > Calk gAZf zi)na(i
(167T ) A# Abelian

) (QF NGGTN@)?)
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PARTICLE CONTENT

[ s=0 [ s=3 [ Gen. [ SUB).xSUQR)L [ UMrx U()p—r [ ULy x U(D)x
Ql Q] @ 3 (3,2) (0,5) (5:1)
ac d¢ d¢ 3 (Evl) (%’7é) (%77%)
{{C ﬂf u® 3 (371) (_%7_%) (_%72,)
L L L 3 (1,2) (0,—-3) (-1,-3)
e | ec e’ 3 (1,1) ) (1%)
ve Df ve 3 (171) (7%7%) (071)
S S S 3 (1,1) (0,0) (0,0)
Hy | Hy | Hy | 1 (1,2) (=3,0) (=3,3)
H, | H, | Hy 1 (1,2) (3,0) (%,—é)
XR | XR XR 1 (1,1) (%’—%) 0,—3)
XR | Xr | Xr 1 (1,1) (-3, 3) (0,3)
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TADPOLE EQUATIONS

t v2 502
Bu =t (mh, = mi, + T ean (ol + 9% + (9x = 9v20") + "G eanpnlon — avx))
B
tg R 9 502 251)122 2
Bup :tg R_ 1 (m)-(R ~Mxn T ?02557)((57)( —9v) + 16 Cz,ngx) ’
R
2
v
‘/’L‘Q :ﬂ (mgld - mglu t; - g(g% + g%’ + (gX - ng)Q)(t,g -1)
B

511}% 2
+ ﬁcwn(l +t5)9x(9x — QYX)) )

2502, 2
32 (Bn ~ l)gX)

512
bl == (2 = m3a 13, + 2 cas (13, + Daxlox — 9vx) =
R

19 MANUEL E. KRrAUSS SUSY, TRIESTE 2013 /



o
UNIVERSITAT
WURZBURG

20

1.06

1.05

1.04

tan Ogp

1.03

1.02

1.01 | | | | |
5000 6000 7000 8000 9000 10000 11000 12000

vg [GeV]

MANUEL E. KRAUSS SUSY, TRIESTE 2013

2000

1500

1000

500



UNIVERSITAT
WURZBURG

MESSENGER FIELDS

[ 1 SU(3).x50@)% | UWax UWss ] UMy x U
& 1.2) (3.0) 31
b, (1,2) (~1.0) (-3.1)
b, (3.1) (0,~1) (~5.-3
b, 3.1) (0,3) (1,3)

1 T T

M= Avetian :@A<Z g(g;i) GTNQ; Qz NG) o
9 2 9 A | '
= (167r2)2A (A;é§lmn Ca(k)ga ;f(l“z)nA(z)

+ 3/ (@)(QF NG NG)’)
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INVERSE SEESAW MECHANISM

singlet fields S generate neutrino masses via inverse Seesaw

W, = Y, 0¢LH, + Ys0°SYr + nsSS

0 % v, V.1 0

Lo, Y, 0 T30 Vs

0 %UXR YST HsS

2

IS o Y vTvy-—1 T\—1

my, == 2 Yl/ YS MS(YS) YV
%R

i.e.
® smallness of v masses: ug small and/or *- small
XR

® y mixing: structure of ug and/or Y, and/or Yg
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HIiGGS MASS MATRIX

On tree level, the scalar Higgs mass matrix in the basis (04,0.,0R,0R)

is given by
2
™m0
- 528 /- . .
ig vzcﬁ +mjsg — B (g%v2 + 4m%) %givuRcac,.;R 7%51 VURCBSEL
2( 2+4 2) l~2 2,2+ 2 2 = . =2
gnv mi Z795v sz +mycg 89 ’U’UR.SBLBR 5 BngURéﬁéﬁR
5~2 5~2 52 R 2
§IxVURCB AR 7§ng’l)RSﬁCﬁR IGgXURCBR +mARSBR — (2542 'UR+16mAR)
. . 59 B 2 2
_§9XU'URCI3‘SBR §gXUURSBSBR J(ZngvR-ﬂ—lﬁmAR) ﬁngRsﬂR +mARC6R

where §& = g7 + 93 + (9x — 9vx)% 92 = 9x(9x — gvy), and
Sz, Cy =SINZT, COSZ.

The parameters my and my, are the tree-level masses of the
pseudoscalar Higgs bosons, which are given by

mj = By/(sgcg) and m3, = By, /(s,¢3,)-

SUSY, TRIESTE 2013 j
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NEUTRALINO

MASS MATRIX

24

gy Yu
,@
2

—p

0
(9x =9y x)vu
- 2

M 0 79‘;“
0 Mo 79L2d
9y vd 9LYd
T2 2 0
gy v aLv
Y2 u _ 9L% —u
Myx 0 (9x =9y )vd
2 2
0 0 0
0 0 0
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My
2
0

(9x —9yx)vd

X

(9x =9y )vu
_lx oy

=0 O O O

XR
MX

59x V%R

T O W

=

1
_S9xoxp
4
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SNEUTRINO MASS MATRIX

M2 =
2.2
vTs
mf + — Y] Yy + D1 25 (Tsp —uvfes) svRY] Ysspsap
* 2 Uf{sﬁ T vzsﬁ% + ’ v *
V5 (Tvsg —n"Yoeg)  mpe+ =Yg Yi+ =2 Yo Y+ Dp1 A (Tsspp — npYseay) |
2.2
1 viv, sas va(q«T. _ yie ) 2+”RSBR viye
2VVR Y5 TvSBSap V2 \1s%Br T HR Y5 BR mg 2 s 'S
with

1 2 2, 2 2 2 2
D], =% (2( =39y + 9x9yx + 209 + 9y + 9y, )) v cag — 59x (Bgx + 2gyx)vgcwR) ,

59x

o _ 2 2
Dp —732 (Q(QX ng)U c2g + 5QXUHCZBR) .
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