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SUSY extensions of the SM are severely tested by
non-observation of SUSY at the LHC
125 GeV Higgs mass is difficult to achieve in SUSY models,
especially low scale SUSY breaking models such as gauge
mediation and requires significant fine-tuning
Another fine-tuning is required by ever increasing lower
limits on superpartner masses
Several scenarios for keeping idea of naturallness
R-parity violating SUSY
Light stops with heavy first generations
Dirac gauginos
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Goals of the talk
How soft are supersoft models of Dirac gaugino masses?
Structure of effective operators in supersoft models
Construct a fully dynamical model of Dirac gluino masses



Dirac gaugino masses require an addition of adjoint chiral
superfield M to MSSM matter content

Leps D (mD)\j/Wj + by M + h~0> +mi M|

Scalar mass eigenvalues

2 2
No negative scalar mass?: m3, > by

if STrm3, is too large, its contribution to RGE drives
sfermions mass? negative



Dirac gaugino masses require an addition of adjoint chiral
superfield M to MSSM matter content

Lefr D (mD)‘jMvj + by M? + h-C> +miy M|

Need m% ~ m?u ~ by

Holomorphic soft masses mp and b,; generally appear at

the same order
2

mp ~ €, by ~e€, @<<1
by
Non-holomorphic m?, is model dependent

Mass relations analogous to i problem in the Higgs sector

2
mp < W, bM < BM? miuyy < bM

Similarly to u problem expect 1% fine-tuning



SUSY breaking dominated by a D-term of an extra U (1)
Wo D DOy, D #0

No-go theorem for pure D-term breaking in a field theory
A combined D/F-term SUSY breaking is realistic
Mediation mechanism may be dominated by D-terms

Additional chiral adjoint superfield charged under SM:
Mj = M; +0M; +6°F;, j=5U(3),U(2),U(1)y
Operators in the effective Lagrangian

WW;
A

N
M, = LD —mpAjn; — Qm% (/\/l < MT>

mp ~ m3; = 4m?2),
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SUSY breaking dominated by a D-term of an extra U (1)
Wa D Db, D0

No-go theorem for pure D-term breaking in a field theory
A combined D/F-term SUSY breaking is realistic
Mediation mechanism may be dominated by D-terms

Additional chiral adjoint superfield charged under SM:
M, = M, +0M, + 0%F;, j=SU(3),SU(2),U(1)y
Operators in the effective Lagrangian
WW,;

A
W W<

A2

N\ 2
Mj = LD —mD/\j'L/)]\,{j = Qm% (M == MT>

M2 = LD —by(M24+ M)

D > 2 D?
mp ~ 4 my; = 4dmp, bMNP



If (dimensionless) coefficients of two effective operators
are comparable, the second one dominates scalar masses

In components

m% = 47712D + 4byy, m% = —4by,

Imaginary scalar in the adjoint multiplet obtains negative
mass?



Solving the problem of negative mass? for the Im M
Holomorphic SUSY mass for M
Several sources of mp and b;; tuned to make all masses
positive. (Possible because m?, > 4m?.)
New sources of non-holomorphic m?,



Solving the problem of negative mass? for the Im M
Holomorphic SUSY mass for M
Several sources of mp and by, tuned to make all masses
positive. (Possible because m?, > 4m?.)
New sources of non-holomorphic m3,
It was argued in the literature that in supersoft models with
interacting U(1) a non-holomorphic mass m?3 , is generated
and arises from

WaoDoV

MM

d*o

Unfortunately, such an operator is not invariant under
supergauge transformations



U(1) with a D-term and heavy charged messengers

W = oMo + m(bq%b

Explicit calculation demonstrates the cancellation of the
diagrams contributing to m3,
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Only second diagram exists for M? term
Cancellation between ¢ and ¢ contributions



U(1) with a D-term and heavy charged messengers
W = oMo + mw&b

Explicit calculation demonstrates the cancellation of the

diagrams contributing to m?3
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Only second diagram exists for M? term
No cancellation between ¢ and ¢ contributions

Non-zero result at O(D*)



No need for Feynman diagrams

Integrating out heavy messengers renormalizes U (1)
coupling
( 1 br wo by

M
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Expand M — mgy + M
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Generate D-term through vevs of charged fields ¢ and 1
W =9M¢+mgdp, D~ O ([ —[9%)
New allowed operator
g ToqiV ).
A 7/)1 el 1;

¢
Not generated at one loop. Is it generated at higher order?



Generate D-term through vevs of charged fields ¢ and 1
W = oMo +mgdp, D~ O (19— [¢P)

New allowed operator

g i ALY
[0 3 B P aian
i ¢
Not generated at one loop. Is it generated at higher order?
Treat M as a spurion: renormalizes ) kinetic terms.

At one loop Z,, factorizes into a sum of holomorphic and
anti-holomorphic terms, log M + log M

No such factorization at higher orders: Z,, must depend on
log M log M



Generate D-term through vevs of charged fields +» and ¢
W = ¢Mo + mydd, D~ O (9> - [4]%)

New allowed operator

g T/in .
[0 3 B P aian
i ¢
Not generated at one loop. Is it generated at higher order?
Treat M as a spurion: renormalizes ) kinetic terms.

At one loop Z,, factorizes into a sum of holomorphic and
anti-holomorphic terms, log M + log M

No such factorization at higher orders: Z,, must depend on
log M log M

At higher loop orders supersoft is never supersoft.



Generate D-term through vevs of charged fields + and ¢
W =oMo+medd,  D~O (] —[)
All ¢/’s obtain corrections proportional to their charge

Dilyse%? — (yl* ~ [¢*)D — D?

2 y’g> D? 2
MM~ [6rZ mZ ~ "D



Introduce superpotential couplings to neutral fields

= pM¢ +mypd + YoN + PoN
Soft mass operator generated at one loop

/d49 L Yleytve 79, 1
1672 m?2

Mixing (1) # 1): no cancellation between ¢ and ¢

contributions

Soft mass is technically linear in D but naturally O(D?)

e
TTL2
Possible to flip signs of by, and m3,
Additional two loop contributions
4 2 212
Y ] = |9 2
(1672)2 mi D ~mp




s-confining SQCD

SU®5) | SU®) SU®6) Ul U(l)g
Q| O O 1 1 p
Q| O 1 O —1 5

Low energy dofs

SU(6) SU6) U)s U()r
M| O O 0 -
B| O 1 5 .
B| 1 O -5 :

SU(5)p subgroup of global symmetry identified with SM

v (4 ) 5 ()0~

U(1)p gauged, acquires D-term



Superpotential
Wi =X@M¢+ NG + YN + 9 X) — p?X
To generate a D-term
Wo=hS(W+T)+hWSt+T)+aZTT

S, S, T, T are charged under U(1). Z is neutral.
hST is a tree level mass

3
RSt ~ (ﬁ) S(Q° arises after confinement

Need SUSY mass for messengers

W3 =m/x(TrM — vyy)



O’Rafeartaigh model of SUSY breaking
Fx = ¢Yp—u?, Fs = h(Y+T), Fg=h+T), Fz=aoTT

Non-vanishing F-terms are: Fx, Fs, Fg, Fz. These fields
do not couple to SM charged messengers

D-term is generated after U(1) g gauging. Leading SUSY
breaking effect for SM fields



For small g the minimumisat T~ #0,T =1 =0
For sufficiently large g and i # A’ the minimum is at

v#£0, Y#0

Can choose parameters so that
Both scalar mass? eigenvalues are positive
Holomorphic b, soft mass squared can have either sign

412 — 9]
o
Mass ratio m%,/m?, can take a wide range of values
Example spectra

D >0



Dynamical model of supersoft SUSY breaking

>
>
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Reanalyzed effective operators in UV completions of
supersoft

Supersoft is never truly supersoft

Without fine-tuning non-supersoft contributions to adjoint
mass? are at least O(m%)

With fine-tuning all terms in adjoint mass matrix can be
O(m3)

Positive adjoint masses can be generated in Yukawa
extended supersoft models

Non-supersoft contributions to sfermion masses likely
important:

One loop suppressed (relative to supersoft) but log
enhanced



Constructed a complete dynamical model of SUSY
breaking with supersoft mediation mechanism in colore
sector
Sufficient freedom in adjusting parameters to obtain
realistic spectra
Need to complete anazyses of the mass matrix both for
adjoints and sfermions
There will be multiple acceptable islands in the parameter
space
At least 1% fine-tuning appears unavoidable in this or any
other supersoft model.
Could u-problem “solutions” be adapted to adjoint spectrum
problem?



Three sets of messengers
W = A1 Mo — Apa Mo + iA3p3Mps

A only contributes to W, W M? operator
No contribution to gaugino mass
Contribution to scalar mass is

L2
1672
A3 contributes to both operators
Gaugino mass mp ~ %gi(gl))
Contribution to scalar mass

(9D)*(M? + M*%)

)\2
dmEH(M — M*)? — 2 (M2 + M*?)
1672
Full scalar mass
2)\2 N
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mp(M = M)+ (167r2 167r2> (M7 M)
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