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Inktroduction

A Higgs boson was discovored,
but...
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 \Vs=7,8TeV
Model &7,y Jets ET™ [Larfb™] Mass limit Reference
Ll T T Ll T Ll Ll Ll I T T Ll T T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 58 1.7TeV.  m(@=m(@) 1405.7875
44, 3—q%) 0 2-6jets Yes 203 |7 850 GeV m(E1)=0 GeV, m(1* gen. §)=m(2" gen. §) 1405.7875
e G G—q¥) (compressed) 1y O-1jet  Yes 203 |§ 250 GeV m(@-m(¥}) = m(c) 1411.1559
S @il 0 26jets  Yes 203 |& 1.33 TeV mE?)=0 GeV 1405.7875
& 28 5oqali oqqWiR) 1epu 3-6jets  Yes 20 |2& 1.2 TeV m(¥})<300 GeV, m(¥*)=0.5(m(¥})+m(g)) 1501.03555
% 33, 50qq(C1Ev/ T, 2e.p 0-3 jets - 20 |2 1.32 TeV m(¥))=0 GeV 1501.03555
G>.> GMSB (Z NLSP) 1-27+0-1¢ 0-2jets Yes 20.3 g 1.6 TeV tang >20 1407.0603
‘@ GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(E})>50 GeV ATLAS-CONF-2014-001
% GGM (wino NLSP) Teu+y - Yes 4.8 m(&})>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  20.3 | F!2scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(g)=1.5 TeV 1502.01518
g F—bbY) 0 3b Yes 201 |% 1.25 TeV m(E)<400 GeV 1407.0600
SO gty 0 7-10jets  Yes 203 |& 1.1 TeV m(E}) <350 GeV 1308.1841
= EO g_nﬁ\’_? 1407.0600
™ bt} 1407.0600
o e bibi, bi—bY) ' - 1308.2631
<8 bbb, bt 1404.2500
S8 nn. f-bl 1209.2102, 1407.0583
gg fif, - WhY ¢ 1403.4853, 1412.4742
% S‘ nh,h —mf(? 1407.0583,1406.1122
SQ Ak St} 1407.0608
"(Eﬂ % 17 (natural GM! 1403.5222
b, h—ih +Z 1403.5222
GrOLR, ANt 1403.5294
XX, KT -t 1403.5294
. 1407.0350
,_,g_, L BBl 1402.7029
O vi-wizy) 1403.5294, 1402.7029
/E’g)fogjg‘/)??hf?, n—DO| W WITT|yy ®sro7 vz v e zu.0 Aysiy 2ou uev mul )=Mix2), MK )=V, SIepIOI’]S oecoupleu 1501.07110
XoX3, X33 —lrE dep 0 Yes 203 |X, 620 GeV m(E3)=m(¥3), m(¥7)=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
Direct ¥T¥] prod., long-lived ¥T  Disapp. trk 1 jet Yes 203 | 270 GeV mEr)-m(t})=160 MeV, 7(¥7)=0.2 ns 1310.3675
§ @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |2 832 GeV m(E})=100 GeV, 10 us<7(2)<1000 s 1310.6584
=G Stable g R-hadron trk - - 191 |z 1.27 TeV 1411.6795
2L  GMSB, stable 7, =@, prre,p 1-2u - - 191 |8 537 GeV 10<tanB<50 1411.6795
S 2 GMSB, ) —yG, long-lived ¥} 2y - Yes 203 |& 435 GeV 2<7(7)<3 ns, SPS8 model 14095542
33, X1 > qqu (RPV) 1, displ. vix - - 20.3 q 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥; + X,V —e + 2e,u - - 4.6 24,,=0.10, 1;3,=0.05 1212.1272
LFV pp—v; + X, ¥ —e(u) + T Teu+t - - 4.6 A51,=0.10, 12)33=0.05 1212.1272
=~ Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 q.8 1.35 TeV m(§)=m(g), ctzsp<1 mm 1404.2500
QX W seen,, euv, depu - Yes 203 | 750 GeV MFY)>0.2XM(FE), A12120 1405.5086
e R =W A srtve, et Bepu+T - Yes 203 | 450 GeV mEP)>0.2xm(¥), 413320 1405.5086
&—qqq 0 6-7 jets - 20.3 4 916 GeV BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—oit, ij—bs 2e,u (SS) 0-3b Yes 20.3 4 850 GeV 1404.250
Other Scalar charm, é—ct} 0 2c  Yes 203 |& 490 GeV : m(¥})<200 GeV 1501.01325

=8 TeV -1
- - ‘{m dat: 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



Observed Higgs Mass 126 GeV

Severe constraints on
MSSM parameter space
(MSSM + light sparticles)

! N

MSSM Extension
+ of
heavy sparticles MSSM




Observed Higgs Mass 126 GeV

Severe constraints on
- MSSM parameter space
(MSSM + |I9h1’ spar"rlcles)
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Dirac Graugino Scenario

Fox, Nelson & Weiner (2012)

Gauge sector: N=2 extension
— adj. chiral superfields added

(I)azSU(3),SU(2),U(1) - (§0a Wk, )
Matter sector: N=1

Dirac gaugino masses from

(e W, (D)
L—jdeﬁ N = AV, +...

if (D")#0cW’=6,D" in hidden U(1)




Once gaugino masses are generated at tree level,
sfermion masses are generated by RGE effects

Sfermion masses @1-"4.00?

C o - m;
M; = (/) “M; log| —=
T ‘ M;

(a = SU(3)c,
SU(2), U(1)y)

Flavor blind = No SUSY flavor & CP problems |

A
__ Dirac gauginos ___ LHC bounds relaxed
_________________ ~ 4n/g » (gluino/squark

Sfermions production suppressed)

Kribs & Martin (2012)



A New Mechanism
of D-term
‘Dﬁvmm tcal SUSY Bream.vug

Ttoyama & NM (2012,2013)



SUSY U(N) gauge theory
with adjoint chiral supermultiplets

L= Jd49K(d)a D ,V) Kahler potential
+| dzelm%]—;b ()W W) +| [d*6W (0)+ he.

Gauge kinetic function Superpotential



SUSY U(N) gauge theory
with adjoint chiral supermultiplets

L= [d*0K(®".®*.V) Kahler potential

Gauge kinetic function Superpotential

Fermion mass terms

|0F,, (@)W W) o 7, (©)y A D + F,\\ (@) FA“A"
1

) Dirac gaugino mass
d*OW (@) o —Eaa o,W(®)wy’



Fermion mass kterms

Mixed Majorana-Dirac type masses

|60F,, (@)W W) S F,, (©)y A D + F,\ () F°A°A"

| Dirac mass
|aow (@) > ~—0,0,W (@)yy’

<F>=0 assumed

( A
O _Qﬁbcl)b ¢
Liga o 4 A
_5( W ) \/5 ( Cj+h.c.
__‘EbcDb aaac‘al l//
. 4 )



if (D)#0&(d,0,W)#0

- =%<gaa 2,0,W)| 1%, 14

Graugino(m_) becomes massive
bj nownzero <D?

= SUSY is broken




D-term equation of motion:

(D)=~ 6" (w2 + £0°7))

Dirac bilinears condensation

The value of <D% will be determined
by the gap equation



Potential avmtjsi.s

3 constant 0 N0 0
background fields: P=0 , D=D ) F=F

Work in the region where <F9> << <D% and perturbative

0)

oV (D,p.p,F =F

oD —=0 = gap equation STSZ:SQ:W
aV(D,(p,(ﬁ’F: F :O) =0 (D* 9(:0* 9@*)
o0Q -




D-term effective potential@l-loop

V= Nz\mgor[cl (0.0)A; €— Tree
1
321°

"o 1og\z<->\2)

i 1 f///
e 5(1J_r\/1+A§ ) A, z—”<D°> C,: constants

+ (czAg1 —‘),(” 4 log‘l(”

1-loop part = CW potential
gauge + adjoint chiral superfield contributions



G-ap e.qua!:i.an

0=—— Trivial solution Ay=0 is NOT lifted

64

. +%{4c2 A2 _;{,v*ﬁ(zlog/l(*)z +1)- 17 (210g A +1)}H

J1+A;

Itoyama & NM (2012)

Nontrivial
- solutionl!




(AO*,(P* = @) determined as the intersection point
of kwo real curves inthe (A,..¢p=0)plane

_ Solution of
| the gap eq.
oV/3D=0
OV/39=0




E = 0inSUSY
= Trivial solution Ay=0 is NOT lifted
= Our SUSY breaking vac. is a local min.

V(o)




Metastability of our false vacuum

<D> = O vacuum is not lifted
= check if our vacuum <D> Z O is sufficiently long-lived

V(e)- Long-lived

for m, << AA

~

AV ~ (m, ADy)? $ our vac. ~

~
~

R
>
A ~ AN (A: cutoff scale)

Coleman & .De Luccia(1980)

Decay rate of _ exp{_ (Ag)’ } - (AOA)z

— <1
our vacuum 2 DoA > m,




Numerical samples of solutions for the gap equation
& the stationary condition for ¢

d+ gtz | A/(4-320%) | Do | 0u/M (—iss) |F/ D] | fl
0.002 0.0001 0.477 0.707 (10000) 2021 i(mar = M) 150
0.002 0.0001 0.477 | 0.707 (10000) 0.524 (m <« M) | 0.35
0.002 0.0001 0.477 0.707 (10000 0.860 (m =04M) | 0.58
0.003 0.001 1.3623 | 0.8639 (2000) 0.825 (m=M) | >1
0.003 0.001 1.3623 0.8639 (2000 0224 (im<K M 0.43
0.003 0.001 1.3623 | 0.5464 (5000) 1.092 (m=M) | >1
0.003 0.001 1.3623 |  0.5464 (5000) 0.142 (m < M) | 0.27
0.003 0.001 1.3623 0.5464 (5000) 0.911 (m =0.9M) | 1.76
0.003 0.001 1.3623 | 0.3863 (10000) 1.444 (m = M) | >1
0.003 0.001 1.3623 | 0.3863 (10000 0,100 ( m<« M 0.19
0.003 0.001 1.3623 | 0.3863 (10000) 0.960 (m = 0.8M) | 1.85




Higgs Mass
via D-term Effects

Ttoyama & NM (2013)



Higgs Lagrangian

_J'd Q[HT ~g&yVi—8:.%2-24, gVoH +HT srVi—g:v2-24us% [y :I

nggs

; [( [ dZQ,uHqu)— BuH H,+ h.c}

H, 4 with U(1) charges q, ,assumed
u-term — q,+q4=0

<Vp> = 04 <D% — additional Higgs mass@tree



Higgs potential

2
— 82 10" 10"
it 2(1+1m;fm<(p0>)§‘(H” 2 H+H, 2 de

g2 2 2\?
+8(1+Im]%w<¢0>)(|H”‘ -|H, )

1

2 2_ 0 2
2(1+Im]'_()yy<§00>)(q”g|H”| +ng|Hd| <D >)

_I_

| (|H, ]+ H[ )+ (BuH H, + he)

Sl ol ol (o))

im 7, (0°) +| (‘HO‘Z +‘H§‘2)—(B,LLH3H§ +h.c.)
(") /A<




Higgs mass

|
mnggS—z[ +M: \/ —4M_ .M, cos 2ﬁ}

M M +q2g2v2 q, =0=m:. =m:

Higgs MSSM Higgs

Minimization conditions

M2
u+ TZ = ccj]suiﬁ (—qugv2 cos23 — 2<D0>)

2B

M}

2
Mgy = 1{_2%g<D0>_ \/(— cf)zagﬂ <D0>j + 8qug<D0>1\~4§ cos2B+4M, cos’2f3



A plot for 126 GeV Higgs

107‘ T T T T




Sum mary

® Dirac gaugino scenario is
onhe of the interesting alternatives

¢ A new dynamical mechanism of
D=term DSB pmpose.cl

® 126 GeV Higgs mass possible
via D-term tree level effects

Work in progress
(w/ Itoyama & Shindou)

Possibility of 126 GeV Higgs mass
via top-stop Loop effects



