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Supersymmetry

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 ' \/_=7, 8,13 TeV
Model &[T,y Jets ET™ [Larnm™) Mass limit V5=7,8TeV | {5=13TeV Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 ¥4 m(g)=m(g) 1507.05525
. 4—qx) 0 26jets  Yes  36.1 m(¥%)<200 GeV, m(1* gen. §)=m(2" gen. §) ATLAS-CONF-2017-022
@ 47§k 1 (compressed) mono-jet  1-3jets  Yes 32 m(@)-m(¥})<5 GeV 1604.07773
< & g—>qu 1 0 2-6jets  Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-022
fé 88, 8-qa¥i —aqWH) 0 2-6jets  Yes  36.1 m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
D 2z, goqq(lt/ VV)X? 3eu 4 jets - 36.1 m(FY)<400 GeV ATLAS-CONF-2017-030
2 82, 3qqWZR! 0 7-11jets  Yes  36.1 m(E}) <400 GeV ATLAS-CONF-2017-033
= GMSB (Z NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
3 GGM (bino NLSP) 2y - Yes 3.2 ¢r(NLSP)<0.1mm 1606.09150
e  GGM (higgsino-bino NLSP) Y 1b Yes 203 |& 1.37 TeV m(¥1)<950 GeV, cr(NLSP)<0.1 mm, ;<0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2jets Yes 133 m(¥))>680 GeV, cr(NLSP)<0.1 mm, 1>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2jets Yes 20.3 4 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8 x 107~ eV, m(g)=m(g)=1.5TeV 1502.01518
3 D 2z g-bbX d 0 3b Yes  36.1 m(FY)<600 GeV ATLAS-CONF-2017-021
A gt 0-1eu 3b Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-021
500 37, gobil| 0-1e,u 3b Yes 20.1 4 1.37 TeV m(¥})<300 GeV 1407.0600
wc bbb b1—>bX1 0 2b Yes  36.1 m(¥})<420 GeV ATLAS-CONF-2017-038
<.S bbb bl—m(l 2e,u(SS) 1b Yes  36.1 ~ 275-700 GeV ()2‘1’)<zooeev mm) m(¥})+100 GeV ATLAS-CONF-2017-030
‘8"_ S Ak, hobkt 0-2e,pu 12b  Yes 4.7/13.3 117-170Gev [ 200-720 GeV' m¥T) = 2m(EY), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
3 g 171, L= WbEY or i) 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 90-198GeV | 205-950 GeV m(¥})=1GeV 1506.08616, ATLAS-CONF-2017-020
S8 fif, ook 0 mono-jet  Yes 3.2 m(f)-m(¥})=5 GeV 1604.07773
S Q  iifi(natural GMSB) 2e,u(2) 1b Yes  20.3 150-600 GeV m(E))>150 GeV 1403.5222
g hhhoh+Z 3e.u(2) 1b Yes  36.1 . 290-790 GeV m(r)=0Gev ATLAS-CONF-2017-019
fofy, ot + h 12e,u 4b Yes  36.1  320-880 GeV m(¥)=0 GeV ATLAS-CONF-2017-019
I rlLR, I8 2ep 0 Yes  36.1 mee))=0 ATLAS-CONF-2017-039
)?T/\’ 1 X () 2e,pu 0 Yes  36.1 mAE})=0, m(Z.5)=0.5(m(F} em(E) ATLAS-CONF-2017-039
XX /Xz,ifa?v(ﬁ),)?g—ﬁ'r(vfz) 27 - Yes 36.1 m(E1)=0, m(z, 7)=0.5(m(¥})+m(t})) ATLAS-CONF-2017-035
> g )‘(1} —)ZngLf((‘)/V)‘[?ZLf(i}y) Sepu 0 Yes 36.1 m()'(f):m(/\’z):im(xl);)o, m({bv)_0.§(mpv. )+m(e})) ATLAS-CONF-2017-039
T )(1X6—>WX zX 2-3e,u  0-2jets  Yes  36.1 X m(FT)=m(¥3), m(¥})=0, 7 decoupled ATLAS-CONF-2017-039
e )(6/\’ —>W)(lh)(1, h—bb/WW/tt]yy ey 0-2b  Yes 203 ;,x, 270 GeV m¥T)=m(E3), m(¥})=0, Z decoupled 1501.07110
T3, 155 —Trt dep 0 Yes 203 |X; 635 GeV m(E2)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥s)+m(t})) 1405.5086
GGM (wino NLSP) weak prod., X1—>7G Tep+y - Yes 20.3 w 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., 1—yG 27 - Yes 203 |w 590 GeV cr<imm 1507.05493
Direct X1 X prod., long-lived X7 Disapp. trk 1 jet Yes 361 [Eaz0cevi m(¥T)-m(¥?)~160 MeV, 7(¥i)=0.2 ns ATLAS-CONF-2017-017
Direct X1 X7 prod., long-lived ¥7 dE/dx trk - Yes 184 |X 495 GeV mETE)-m)~160 MeV, 7(¥F)<15 ns 1506.05332
g o Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 850 GeV m(¥)=100 GeV, 10 us<7(2)<1000 s 1310.6584
> 9 Stable g R-hadron trk - - 3.2 1606.05129
S 8 awmss, stable 7, H=t@, fp)+r(e, 1) 124 - - 19.1 i 537 GeV 10<tans<50 1411.6795
= GMSB, X] —vG, long-lived X? 2y - Yes 20.3 )?'1) 440 GeV 1<7(¥))<3 ns, SPS8 model 1409.5542
23, X(l)—)eev/eﬂv/ppy displ. ee/eu/uu - - 20.3 ’?'1) 1.0 TeV 7 <CT()?[1))< 740 mm, m(g)=1.3TeV 1504.05162
GGM g3, Poz6 displ. vtx + jets - - 203 | &) 1.0 TeV 6 <ct(F)< 480 mm, m(z)=1.1TeV 1504.05162
LFV pp—vr + X, ir—eu/et/ut e, eT,uT - - 3.2 241,201, A132133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS)  03b  Yes 203 1.45 TeV m(g)=m(g), ctzsp<1 mm 1404.2500
TR, X WR X —>eev, ey, uuv dep - Yes  13.3 m(E))>400GeV, 11#0 (k = 1,2) ATLAS-CONF-2016-075
XTXT, X = Wi, X —ttve, etve Beu+t - Yes 203 450 GeV mE)>0.2xm(¥}), 113320 1405.5086
Q>_ 88, 8—4949 0 4-5large-Rjets - 14.8 BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
€ 53 5—q90, 1) = qqq 0 4-5large-Rjets - 14.8 m(t})=800 GeV ATLAS-CONF-2016-057
28, g—>tt)((1) B - gqq e, 810jets/0-4b - 36.1 mE@))= 1 TeV, 11,0 ATLAS-CONF-2017-013
28, g—ht, h—>bs 1eu 8-10jets/0-4b - 36.1 m(f;)= 1 TeV, A33#0 ATLAS-CONF-2017-013
i, f—bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fify, fi—bt 2epu 2b - 36.1 |7 BR(7 —be/11)>20% ATLAS-CONF-2017-036
Other Scalar charm, E—»d?(l’ 0 2c¢ Yes 20.3 ¢ 510 GeV | m()??)<200 GeV 1501.01325
1 1 1 1 1 1 1 1 1 1 1

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]



Going beyond the MSSM

Dirac gauginos
Allow for supersoft supersymmetry breaking:

Gaugino masses give threshold corrections to scalar masses

2 Ci(r)@iM%)

T, v

T

Allow a U(1)g to be imposed: improvement for flavor

Field content need to be enlarged:

MD)\awa

usual gaugino fermion from new chiral superfield



new chiral superfields in the adjoint: 5,7, O

The Higgs sector in general also need to be
enlarged as the U(1)g forbids a # term

new chiral supertields: g R,

superpotential

W C ,UuHuRd =+ /LdRqu
+ N H, TRy + \NoR,THy+ N SH,Rg + \5SR, Hy



R-parity violation

lepton number violating
NLQD® + ANLLE® + u; L;H,

baryon number violating
N U DS D

RPV couplings are constrained to be small from baryon
and lepton number violating processes, and from tlavour
physics.

Collider phenomenology is modified: LSP is unstable.
displaced vertices.



Dirac gauginos and RPV couplings

Can assign U(1)gcharges such that the U(1)g is identified
with a baryon number

fields | U(1)r charge
@ 4/3
U* 2/3
De 2/3
L 1
E° 1

SM particles have their usual baryon number. Superpartners
have unusual ones

N'U¢DeD¢ is allowed » Constraints are weaker.



Violation of the U(1)gr

Anomaly mediation will generate gaugino Majorana mass
terms and A-terms

|
A M~ 522

Contributions to baryon number violating processes
will be suppressed by that scale.

In principle by choosing a low mg/2 we can avoid
bounds on )\ from those processes.



however: proton can decay to gravitino and kaon

choose ms3/e 2 1 GeV

neutron - anti-neutron oscillation

U d

flavour change -—
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Parameter space for the LHC study
e )3, NON Zero
* Heavy gluino

* bino or Higgsino LSP

Stops can be singly or pair produced
pp —t pp — tt*
decay to 2 |ets, or top-neutralino

g% d@dj g% tX() — Ift_didj



Cross section [pb]
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Exclusion from di-jet search
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decay mode with same-sign lepton
t — txo — ttdidj

Forbidden with an exact U(1)r but allowed if the U(1)r
IS broken

The Dirac state splits into 2 nearly degenerate Majorana states

2 states with mass ditfference Am b



If

Am < I branching fraction to same-sign top is small

Majorana mass / neutralino width
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General exclusion from various ATLAS and
CMS searches:

Vs =13TeV [ ~ 15fp !

* di-jets resonance

e palr of di-jets

e multijets and no MET

e 1lepton + jets with or without MET

* same-sign lepton

Pheno similar to RPVYMSSM  (Monteux 1601.03737)

when U(1)r is exact, no same sign lepton



Bino LSP

dijet

200 400 600 300 1000
Stop mass [GeV]

pair di-jet displaced

vertices



exact U(1)gr
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1st and 2nd generation of squarks

production cross section lower in models with a U(1)xg
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Baryogenesis
Out-of-equilibrium decay of neutralino

mechanism exists in the RPVMSSM

requires split-spectrum

new diagrams exists with Dirac gauginos

requires a large breaking of the U (1)
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