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Motivation: low-energy lepton observable g — 2

(g —2)u 3™ — aSM = (28.1 £+ 6.35%F + 3,6TH(KNT18)) » 10—10
New experiment at Fermilab(E969): ~ 0.16 ppm

Question in preparation of new experiment:
@ Which models predict what?

® Outcome: interesting scenarios, other experimental tests?

My = My = 250 GeV/

Heaviest SUSY

(tan 8 — o0)
[Bach,Park,DS,Stéckinger-Kim '15]
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[DS '06] [Cherchiglia,DS,Stéckinger-Kim '17]
— Dark Matter, LHC constraints, M, — T-physics, LHC-Higgs/Yukawa
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Motivation: more low-energy lepton observables

(

(g —2)u 3™ — aSM = (28.1 £ 6.35%F + 3,6TH(KNT18)) , 10-10
New experiment at Fermilab(E969): ~ 0.16 ppm

= ey By ety = m 2 2405 10713 (MEG 2016)

M(p—ev,ve)
Future MEG-II: expect to improve sensitivity ~ 5 x 10714

p— e Buau—seay < 7 x 10712 (SINDRUM 2006)
Future COMET and Mu2E: expected 7.2 x 107 1°

i

BR(u—ey) [1077]

@ (Non-)correlations? Sensitivity to which models?

Question: J

[Kersten,Park,DS,Velasco-Sevilla '14]
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Motivation: Supersymmetry with R-symmetry

@ Supersymmetry is one of the most attractive ideas for BSM

@ |t becomes even more attractive with R-symmetry [kribs,Poppitz, weiner]

@ MRSSM is realization of SUSY distinct from MSSM

@ Surprisingly rich and successful phenomenology ﬂfﬁ;’;ﬁ[ﬁg'ﬁ{'ﬁ”f’f&“
Question:

@ What are the possible MRSSM contributions to a,?

@ (Non-)correlations with LFV?
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First answer/preview

Maximum a,
Adl:1Adl < Amax

Result:

a,, much smaller
in MRSSM than
in MSSM

Excluded
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Next questions/remainder of the talk:
@ Why? Detailed influence of MRSSM parameters?

@ Lepton flavour violation LFV — study!
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Defl n ition M RSS M [Kribs, Poppitz, Weiner]
q (R=0)

»
P

R ML,

T R=+1
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Defl n ition M RSS M [Kribs, Poppitz, Weiner]

qd (R=0) > - — > - — Q| (R=+1)
T R=+1
g (R=0) > - — > - - —Qr R=-1)

MRSSM: beautiful alternative realization of SUSY
R-symmetry: conserved U(1) R-charge (in superspace: 6 — ei0)

no sfermion L/R mixing

Dirac gauginos/Higgsinos, hence Dirac partner fields Ii’u,d, §, 7A', 0
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Defl n |t|on M RSS M [Kribs, Poppitz, Weiner]

g (R=0) > - — > - — Q| (R=+1)
T R=+1
g (R=0) > - — > - - —Qr R=-1)

@ Minimal: fewer parameters than MSSM (though more EW par.)

WMRSSM =...+ ,Ul:lu’ﬁld + Nu"%ul:lu + /\u":lu —Il\-"%u +}/u©/:’u0

Phenomenological successes:
"] natural prOteCtion from FCNC [Kribs, Poppitz, Weiner]
@ smaller LHC cross section, lower masses possible [Diessner, Kalinowsk,
otlarski, DS "19]
@ new A, \-par. increase My, but don't mess up EWPO precision [pkks 14

@ dark matter possible, and light extra Higgs/sparticles [pkks 15

v
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g — 2: compare standard/R-symmetric SUSY

new Yukawa-like terms for Dirac partners Rud, A, S
Wiarssm = - - - + 1tH oy + g RuFy + N Hy TR, + v @A, U
MSSM MRSSM
X Vuy X Vd

MSSMO(Z—Ztanﬁrle..EO MRSSIVIO( 2~1...5

@ In all models: need chirality flip ~» VEV ~~ enhancements
@ Perturbativity and EWPO constrain A;, A;
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g — 2: compare standard/R-symmetric SUSY
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X Vu

g — 2: compare standard/R-symmetric SUSY

2 2
JMSSMWHL gtanf 5 m, JMI(WHL/en) &N 5 my
" 16m2 12 M2 ey " 1672 12 M2, s
similar for BHL, BHR,. ..

(1)
()

4
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Results for a, in the MRSSM: WHL and BHR
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Results for a,, in the MRSSM: general

Maximum ay,
IAal|Adl < Amax

Result:

a, much smaller
in MRSSM than
in MSSM

NN RN R NN NN SRR NN RN

LI LI I
Excluded
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M_osp [GeV]

Reason and details:
@ no tan 8 enhancement, only enhancement by Ay, Ay
@ Large a, at most if several SUSY particles below 200 GeV and
N < g
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a, vs LFV observables

((——— i——— i)
‘ vZoooh - i
gv q g ¢ gt gl (& =2 x Az_
p— ey o< ASH
Al AT, ASE Abox = e oxx A AT Az, Ao
Aji[O'HVQV] AZI
\_° y,

Dominik Stockinger 11/16



a, vs LFV observables

(i—|—-—\ —j I i )
" wzoE - i
gv q g ¢ ¢—— ' ¢ (6 —2)u x Az_
p— ey o< ASH
Al AT, ASE Abox = e oxx A AT Az, Ao
ALioiva) Az,
2 y,
Expect:

Q a, and p — ey always correlated
@ correlation with y — e conversion if dipole A> dominates (large a,,)

© this is usually not the case ~~ interesting non-correlation
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a, vs LFV observables

LFV in MRSSM: flavour-transitions in slepton sector £ = ... — (mlg)lgl“{/;
(M cp _  (mdw
LFV o dimensionless parameters %, = e 0 = e

@ otherwise (g —2), and ;n — ey depend on same parameters

@ 4 — e in addition: Z-couplings to Higgsinos and sleptons; squarks

() i —)
E e Z i i _ A
§7 q g ¢ ¢—L ¢ (& —2)u o Az_
&
p— ey o< Ay
Al 2m1 ATH, ASH Abox 1 — e x Af‘u,Ag‘u,Az,Abox
Aji[a“" V] Az,
> J
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Results for n— €7y in the MRSSM [Kotlarski, DS, Stéckinger-Kim]

aul ouR el |2 L2 éuR |2 R |2
ap X Ay + Ay Bji—sey < [Agreql” X [012]" + [Agreq|” X 013
100 N "
Maximum mixing
-
° 75
o g —
‘n‘o T’E "ro
= 50 ° =
S R
> = sometimes|
n% 25 allowed
6 -4 -2 0 2 4 6
o dhafro]

Expected: a, and u — ey correlated J

Apply: max. d's assuming
Result: True ~~ distinctive patterns

exptl. limits~ tight!
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Results for ;1 — e: details (sample scenario BHR)

B

Biu—ey

’AZa A17 A27 Abox‘z
X
R A2(Al) = 0.0026

|Aa?

(dependence on the §'s essentially drops out)

Especially for Ay dominance: perfect correlation
Kitano, Koike, Okada, 2002]

o = = E O LNGS
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Results for ;1 — e: details (sample scenario BHR)

. o BHR scenario ======"" Ag=+1
— —) 10 BT A Ag=—1
Seg? § r — = A4 Ag=0
LA A
= 1072
q q R £
. . = B —
1 —J N
' @ 1073E."
H E
H H 3
H H
q q \
10~ . . . .
5000 10000 15000 20000

m
q

Expected: correlation if dipole A dominates
@ 1 — ey MEG limit determines the max. possible © — e rate
Result: often impact of form factors A1, Az, Apox ~> non-correlation
@ Large A\, — Az dominance (Z-Higgsino coupling ~ v,\,)
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Results for correlation =5 in the MRSSM
fi—ey

Expected: correlation if dipole Ay dominates Result: < large aMJ

Maximum R
Al Adul < AGY
. INg,ul, Ad,ul < Amax If ay, large =
g
o narrow param. space
% oA miosp <~ 200 GeV, A; > g;
Ky
& 0.03 .
il = correlation
0.01 MEG
= — e small
0.003
If £ — e observed =
0 5 10 15 20 25 30 35 a, must be small
ay [1071°] <

[Kotlarski,DS,Stockinger-Kim '19]
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses

2
m
a5

R .
EWSM:  azz

o Z/Y A/Z « M2

m? tan 8

2
MSUSY

@ SUSY:
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses

® EWSM:

o 7/ A

@ SUSY:

Well-motivated. *

e 2HDM:
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m2 v \
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses

x(H) / N\
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Well motivated; typically very small
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses

x(H) / N\
m/2L [ \
° . I P
EWSM:  a I\/Ia/ nR L w I
p—
5 x(H) \
Y 7 My D )
e /' A O 5 R SAVAVAVAVAVAVA -—
' I\/IZ, MR z' I
X (Hy
AL
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. @ M§USY IR o e
X (Hy
2 H; :
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° .
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L 8LER T 441//4\\\l4,
° : -z e
Q' M, MR LQ I

Also possible, although difficult: B-physics.

Beware: Amy, /my, ~ g grme/my, restricts couplings

m
erad. m, ~ k&
i MNP
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Typical behaviour: ~ chirality flip (~ Higgs!) and masses

x(H) / AN
m? [ \
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Conclusions

@ R-symmetric SUSY challenges usual views on SUSY!
» very different from standard SUSY, no MSSM limit
» phenomenologically rich, viable for smaller Msysy
> Interplay a, / p—ey/ p—e

@ MSSM: a, large and LFV correlation pattern

il

@ MRSSM: a,, small, not o tan 8 T i

@ Suppose a, large and MEG-limit (u — ey) met
> need very small/compressed Msysy, A; > g;
» LFV-parameters §12 very small ~» non-generic!
» Upper limit on px — e ~» No COMET signal possible!

o If a;, small
» Larger/non-compressed masses possible \
» COMET signal possible! Enhancements o< A,, ... e

® a, is hint for BSM — MSSM and MRSSM are viable and motivated
» New a, and LFV measurements could distinguish!
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