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SUSY searches at the LHC

ATLAS SUSY Searches™* - 95% CL Lower Limits ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
miss - T
Model &[T,y Jets EX™ [Lanm™) Mass limit [ 5=7TeV  Vs=8TeV Reference
L) L) T T T L) L] L) l L) L] L] L] L)
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 4,8 1.8 TeV m(g)=m(g) 1507.05525
aa, 3—%) 0 2-6jets Yes 203 |d 850 GeV m(E})=0 GeV, m(1* gen. §)=m(2™ gen. q) 1405.7875
@ G—qX) (compressed) mono-jet  1-3jets  Yes 203 q 100-440 GeV m(g)-m(¥})<10GeV 1507.05525
S q—»q(/{r{( vivt) 2e,pu(off-Z) 2jets Yes 203 |@ 780 GeV m(¥})=0 GeV 1503.03290
I ) 0 26jets Yes 203 |Z 1.33 TeV m(¥})=0 GeV 1405.7875
% 28, 3—qq¥} ﬁqu‘X | O-ten  2-6jets  Yes 20 |2 1.26 TeV m(¥?)<300 GeV, m(¥*)=0.5(m(¥})+m(2)) 1507.05525
o 88 3-qql]C v/ 2ep 0-3 jets - 20 |z 1.32 TeV m(¥})=0 GeV 1501.03555
>  GMSB ({ NLSP) 127+0-1( 0-2jets Yes 203 |2 16TeV  tans>20 1407.0603
2 GGM (bino NLSP) 2y - Yes 203 |z 1.29 TeV ¢t(NLSP)<0.1 mm 1507.05493
S  GGM (higgsino-bino NLSP) Y 1b Yes 203 |z 1.3 TeV m(¥})<900 GeV, cr(NLSP)<0.1 mm, ;<0 1507.05493
== GGM (higgsino-bino NLSP) Y 2 jets Yes 20.3 F4 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |& 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 107* eV, m(z)=m(3)=1.5TeV 1502.01518
e 88.2— 175)—’? 0 3b Yes 201 |& 1.25 TeV m(¥})<400 GeV 1407.0600
8; o gz, é—»n'f\’ 0 7-10jets  Yes  20.3 g 1.1 TeV m(¥}) <350 GeV 1308.1841
3 E 2z, g—»rﬂ’. 0-1e.p 3b Yes  20.1 2 1.34 TeV ( ¥])<400 GeV 1407.0600
e aa ZobiX, 0-1 e, 3b Yes 201 |2 1.3 TeV m(¥})<300 GeV 1407.0600
25 biby, by _.bx, 0 2b Yes 201 |B 100-620 GeV m(¥})<90 GeV 1308.2631
g T biby, b —)tX. 2e.u(SS)  03bh Yes 203 | B 275-440 GeV m(¥i)=2 m(tY) 1404.2500
5("§ iy, il —bYT 1-2ep 1-2b Yes 4.7/20.3 | 7,/ 110-167 GV 230-460 GeV m(¥i) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
g i, r.—>WbX, or i) 0-2e, 0-2jets/1-2b Yes 203 |74  90-191 GeV 210-700 GeV m(¥))=1GeV 1506.08616
§,~ oh, Sk 0  mono-jetc-tag Yes 203 | & 90-240 GeV m(f,)-m(¥})<85 GeV 1407.0608
< § 1)1} (natural GMSB) 2e,p(7) 1b Yes 203 |74 150-580 GeV m(¥})>150 GeV 1403.5222
AT i, hoih +Z 3e.pu(2) 1b Yes 20.3 7 290-600 GeV m(¥})<200 GeV 1403.5222
firlig, -6 2e.p 0 Yes 203 |7 90-325 GeV m(%)=0 GeV 1403.5294
XX, X =Tty 2e.p 0 Yes 203 |} 140-465 GeV m(¥})=0 GeV, m(Z, #)=0.5(m(¥;)+m(¥})) 1403.5294
- ;?.‘)?‘ X = (V) 27 - Yes 203 x’} 100-350 GeV m(¥})=0 GeV, m(%, #)=0.5(m(¥} )+m(¥})) 1407.0350
3 X|X7—)vaiL[(vv). ol L) e 0 Yes 203 T 700 GeV m(E7)=m(¥3), m(¥})=0, m(Z, #)=0.5(m (¥} )+m(¥})) 1402.7029
w5 )(,)n—»Wx tzv) 2-3en  02jets  Yes 203 ,vi,i 420 GeV m(¥;)=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
X 6)@—»wx, hXi, h—bb/WW/tr|yy &HY 0-2b Yes  20.3 xi v, 250 GeV m(¥i)=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
X3, 093 —rl 4ep 0 Yes 203 xa,_; 620 GeV m(¥9)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wnno NLSP) weak prod. lepu+y - Yes 20.3 W 124-361 GeV cr<1mm 1507.05493
Direct ¥1 ¥ prod., long-lived ¥{  Disapp. trk 1 jet Yes 203 |X 270 GeV m(¥})-m(¥})~160 MeV, r(¥})=0.2 ns 1310.3675
Direct ¥1¥; prod., long-lived ¥7  dE/dx trk - Yes 18.4 G 482 GeV m(¥})-m(¥})~160 MeV, (¥{)<15 ns 1506.05332
'§ @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |Z& 832 GeV m(¥])=100 GeV, 10 pus<1(7)<1000 s 1310.6584
< G Stable g R-hadron trk - - 191 |2 1.27 TeV 1411.6795
2% GMsB, stable 7, V=#@ ey 121 - - 19.1 xz 537 GeV 10<tanp<50 14116795
3 Q. GMSB, X, —vG, long-lived X? 2y - Yes 20.3 Y 435 GeV 2<1(¥})<3 ns, SPS8 model 1409.5542
38, X?—bcev epv/ppy displ. ee/ep/pup - - 20.3 X’A 1.0 TeV 7 <ct(¥))< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 33, ¥\ —ZG displ. vix + jets - - 20.3 xf 1.0 TeV 6 <ct(¥})< 480 mm, m(z)=1.1TeV 1504.05162
LFV pp—v. + X, Vr—eu/et/ut ep,etT ut - - 20.3 Vr 1.7TeV 4,,=0.11, A132/133/233=0.07 1503.04430
Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 q.8 1.35 TeV m(3)=m(g), ctrsp<1 mm 1404.2500
X.x. ,x. —>wx X —eev,, euv, 4ep - Yes 203 |X; 750 GeV m(¥))>0.2xm(¥7), 4,2, #0 1405.5086
S N H WL srrve ey, Bep+T - Yes 203 . 450 GeV m(¥})>0.2xm(¥}), 13:£0 1405.5086
Q28 3-q99 0 6-7 jets - 203 |2 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
« 28, 3-q%1, X > qqq 0 67 jets - 203 |z 870 GeV m(¥))=600 GeV 1502.05686
28, 301, 1) —bs 2e,u (SS) 0-3b Yes 20.3 g 850 GeV 1404.250
0y, H—bs 0 2jets+2b - 20.3 0 100-308 GeV ATLAS-CONF-2015-026
fiy, fi— e 2b - 203 |7 .4-1.0 Te 7| —be/p)>20% ATLAS-CONF-2015-015
i, h—bl 2 b ‘ 0.4-1.0 TeV BR(f) —be/p)>20%
Other Scalar charm, é—ct| 0 2¢ Yes 203 |& 490 GeV m(¥})<200 GeV 1501.01325
L L L L L L L L l L L L L L
-1
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.
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SUSY searches at the LHC

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
Model &1 Ty Jets ET [Lafdm) Mass limit [ 5=7TeV  V5=8TeV Reference
| L) L) T L] T L) L] L) l L) L] L] L] L)
1.8 TeV m(g)=m(g) 1507.05525
850 GeV m(¥7)=0 GeV, m(1* gen.d)=m(2™ gen. g) 1405.7875
g dny searcn cnanneils s gy <10eV
S 780 GeV m(¥})=0 GeV 1503.03290
= = = 1.33 TeV m(¥})=0 GeV 1405.7875
¢ excluding light SUSY B et | o
o e m(Y)=0GeV )
.g 1.6 TeV tafw )>20 1407.0603
g ] ] 1.29 TeV ¢7t(NLSP)<0.1 mm 1507.05493
° S ce n a r I O S W I t h 1.3 TeV m(¥})<900 GeV, cr(NLSP)<0.1 mm, ;<0 1507.05493
= 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
850 GeV m(NLSP)>430 GeV 1503.03290
n t I L S P 865 GeV m(G)>1.8 % 107 eV, m(z)=m(§)=1.5 TeV 1502.01518
IS e u ra I n O 1.25 TeV m(¥})<400 GeV 1407.0600
'g,g 1.1 TeV m(t}) <350 GeV 1308.1841
3 E wTin, 0-1e.p 3b Yes  20.1 — 1.34 TeV m(¥?)<400 GeV 1407.0600
N0 a5 G biX| 0-1e,p 3b Yes  20.1 2 1.3 TeV m(¥})<300 GeV 1407.0600
25 biby, by —,bx,’ 0 2b Yes 201 | 100-620 GeV m(¥})<90 GeV 1308.2631
g T bbb —m\f. 2e,u(SS) 0-3b Yes 203 | 275-440 GeV mi)=2 m(X.) 1404.2500
3~§ iy, i1 —bXT 1-2ep 1-2b Yes 4.7/20.3 | 7,/ 110-167 GV 230-460 GeV m(X. ) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
© ii.i —»be, or it} 0-2¢,u 0-2jets/1-2b Yes 203 |74  90-191 GeV 210-700 GeV m(¥})=1GeV 1506.08616
§ o i, i Sk 0  mono-jet/c-tag Yes  20.3 | 7 90-240 GeV m(f,)-m(¥})<85GeV 1407.0608
;” § 1)) (natural GMSB) 2e,1(2) 1b Yes 203 |7 150-580 GeV m(¥})>150 GeV 1403.5222
@B iy, hoi +Z Be.u(2) 1b Yes 203 |7 290-600 GeV m(¥})<200 GeV 1403.5222
0 vl Ry I—¥) 2e.p 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
i, X, —Jv((v) 2ep 0 Yes 203 |X; 140-465 GeV m(¥})=0 GeV, m(Z, #)=0.5(m(¥} )+m(¥})) 1403.5294
— XXX —=Ev(ry) 27 - Yes 203 ,\?’} 100-350 GeV m(¥})=0 GeV, m(%, #)=0.5(m(¥} )+m(¥})) 1407.0350
it —ILviLLGv), (FTLLGv) e 0 Yes 203 T 700 GeV m(E7)=m(¥3), m(¥})=0, m(Z, #)=0.5(m (¥} )+m(¥})) 1402.7029
WS yivd-wi|zi) 23eu  O2jels  Yes 203 | H 420 GeV m(¥E)=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
/?gigawxlhx. h—bb/WW/tt/yy €HY 0-2b Yes  20.3 X'L, 7 250 GeV m(¥})=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
)mx‘, b 3 =Rl 4ep 0 Yes  20.3 /\"5,_, 620 GeV m(¥3)=m(¥3), m(¥)=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wnno NLSP) weak prod. Tepu+y B Yes 20.3 W 124-361 GeV er<1mm 1507.05493
Direct ¥1 ¥ prod., long-lived ¥{  Disapp. trk 1 jet Yes 203 | X} 270 GeV m(¥})-m(¥})~160 MeV, (¥} )=0.2 ns 1310.3675
Direct ¥1¥; prod., long-lived ¥7  dE/dx trk - Yes 184 |X; 482 GeV m(¥;)-m(¥})~160 MeV, 7(¥})<15 ns 1506.05332
E @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(¥})=100 GeV, 10 ps<(z)<1000 s 1310.6584
< G Stable g R-hadron trk - - 19.1 |2 1.27 TeV 1411.6795
2% GMsB, stable 7, V7@ f+r(e.p) 121 - - 191 Ly 537 GeV 10<tan$<50 1411.6795
S 2 GMSB, ¥!—yG, long-lived ¥} 2y - Yes 203 |y 435 GeV 2<1(¥))<3 ns, SPS8 model 1409.5542
38, X1 —eev epv/ppy displ. ee/ep/pp - - 20.3 Y 1.0 TeV 7 <ct(¥))< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 33, ¥ >ZG displ. vtx + jets - - 20.3 xf 1.0 TeV 6 <ct(¥})< 480 mm, m(g)=1.1 TeV 1504.05162
LFV pp—v: + X, Vr—eu/et/ut ep,eT,uT - - 20.3 Vr 1.7TeV  4;,,=0.11, 4132/133/233=0.07 1503.04430
Bilinear RPV CMSSM 2e,u (SS) 0-3 b Yes 20.3 9.8 1.35 TeV m(g)=m(z), ¢ r,‘s,.<1 mm 1404.2500
)(.)(, ,X. —>WX X —eevy, epv, 4ep - Yes 203 | X 750 GeV m(¥})>0.2xm(E7), A;2,#0 1405.5086
S N H WL srrve ey, Bep+T - Yes 203 |&; 450 GeV mE)>0.2xm(Er), 413320 1405.5086
a3z g—'thq 0 6-7 jets - 203 |2 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
x g g—)qX] , X, - qqq 0 6-7 jets - 203 |2 870 GeV m(¥})=600 GeV 1502.05686
28, 301, 1) —bs 2e,u (SS) 0-3b Yes 20.3 g 850 GeV 1404.250
niy, ij—bs 0 2jets+2b - 203 |4 100-308 GeV ATLAS-CONF-2015-026
ni, h—bt 2e.p 2b - 203 |4 0.4-1.0 TeV BR(f, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct| 0 2¢ Yes 203 |& 490 GeV | m(¥})<200 GeV 1501.01325
107! 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.
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SUSY searches

ATLAS SUSY Searches™* - 95% CL Lower Limits

at the LHC

ATLAS Preliminary

Status: July 2015 \Vs=7,8TeV
Model &1 Ty Jets ET [Lafdm) Mass limit [ 5=7TeV  Vs=8TeV Reference
L) T L] T L) L] L) I L) L] L] L] L)
1.8 TeV m(g)=m(g) 1507.05525
850 GeV m(¥})=0 GeV, m(1* gen.g)=m(2" gen. §) 1405.7875
2 dny searcn cnanneils s gy <10eV
5 780 GeV m(i‘.‘)=o GeV 1503.03290
b - - 1.33 TeV m()?.) 0GeV 1405.7875
) I d n I I ht S U SY 1.26 TeV m(X 1)<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1507.05525
2 exc u I g g 1.32 TeV m(¥])=0GeV 1501.03555
= 16TeV  tang>20 1407.0603
3 u n 1.29 TeV cr(NLSP)<0.1 mm 1507.05493
° S ce n a r I O S W I t h 1.3 TeV m(¥")<900 GeV, cr(NLSP)<0.1 mm, ;<0 1507.05493
= 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
850 GeV m(NLSP)>430 GeV 1503.03290
I L S P 865 GeV m(G)>1.8 x 10~ eV, m(z)=m(§)=1.5 TeV 1502.01518
q:" = n e u t ra I n O 1.25 TeV m(i:.:)<4oo GeV 1407.0600
S g 1.1 TeV m(¥}) <350GeV 1308.1841
= = o 0-1 e 3b Yes  20.1 — 1.34 TeV m(¥))<400 GeV 1407.0600
%0 &5 GobiX,| 0-1e,u 3b Yes  20.1 E 1.3 TeV m(¥})<300 GeV 1407.0600
L8 bbb —»b,\/,’ 0 2b Yes 201 | 100-620 GeV m(¥})<90 GeV 1308.2631
§ T bbb —’bh 2¢e,u(SS) 0-3b Yes 20.3 b, 275-440 GeV m(¥i)=2 m(/\’.) 1404.2500
3§ iy, i1 —bXT 1-2ep 1-2b Yes 4.7/20.3 | 7, 110-167 GeV 230-460 GeV m(X.)_2m(X|) m(¥})=55 GeV 1209.2102, 1407.0583
L I, f|—>WbX1 Orbh 0-2e,u 0-2jets/1-2b Yes 20.3 0 90-191 GeV 210-700 GeV m(¥})=1GeV 1506.08616
g = i, f—ct) 0  mono-jet/c-tag Yes 203 | 7 90-240 GeV m(f;)-m(¥})<85GeV 1407.0608
E"’.ﬁ 717, (natural GMSB) 2e.p(2) 1b Yes 203 |# 150-580 GeV m(T’)>150 1403.5222
OB by, hoh +2Z Bepu(Z) 1b Yes 20.3 A Ann enn A ML <ann £200
O L R, Z—»()( 2e.p 0 Yes 203 |7 90-325 GeV 294
w0l e How are current
. JP.X’. X —>Ev(Ty) 27 - Yes 203 ,\'f’} 100-350 Ge 350
S 8 TS olviLlov), FTLLGY) 3ep 0 Yes 203 |X ,'2 029
WS viv—-wize) 2-3en  02jets  Yes 203 ;71, 's 4 u u 402.7029
)?g)z‘a’—»wx.hx. h—bb/WW/tt]yy €HY 0-2b Yes 203 ,\"1, 7 250 GeV sea rc es co n st ra I n I n g 110
X,X‘,X, 3 =Rl 4e.p 0 Yes 20.3 ,\"62_, 086
GGM (wmo NLSP) weak prod. Tepu+y B Yes 20.3 W 124-361 G - - 7493
it et e e m: [5——me @ alternative scenario, -
Direct ¥1¥| prod Iong lived ¥7  dE/dx trk - Yes 18.4 I% , 1332
.§ @ Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 584
= G Stable g R- hadron trk - - 19.1 z u ? 795
T TR T e.g. sheutrino LSP? =
Sa GMSB x,_wc long- -lived X 2y - Yes  20.3 j& 542
38, X —>eev epv/ppy displ. ee/ep/pp - - 20.3 I’a — rurev 7 e )2 TAU MM, MZ)=T-3 16V TEISUHLS 162
GGM gz, ¥\ —>ZG displ. vtx + jets - - 203 | X 1.0 TeV 6 <ct(¥})< 480 mm, m(z)=1.1TeV 1504.05162
LFV pp—v: + X, ¥r—eu/et/ut ep,eT,ut - - 20.3 Ve 1.7TeV  45,,=0.11, A132/133/233=0.07 1503.04430
Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 g, 8 1.35 TeV m(q) m(2), cTrsp<1 mm 1404.2500
)(.X[,X. —>WX X —eevy, epv, 4ep - Yes 203 | X7 750 GeV m()( )>0.2xm(¥}), 12, #0 1405.5086
S R R oW )(‘.’—»rrvr etv;  Beu+T - Yes 203 |& 450 GeV M(EY)>0.2xm(¥}), 413320 1405.5086
Q32 8-9q99 0 6-7 jets - 203 |2 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
« 23, g—»q}(,’ X1 = qqq 0 6-7 jets - 203 |2 870 GeV m(¥})=600 GeV 1502.05686
28, 301, 1) —bs 2e,u (SS) 0-3b Yes 20.3 g 850 GeV 1404.250
0y, [y —bs 0 2jets+2b - 20.3 7 100-308 GeV ATLAS-CONF-2015-026
iy, i —=be 2e,u 2b - 203 |4 0.4-1.0 TeV BR(F, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct| 0 2¢ Yes 203 |& 490 GeV | m(¥})<200 GeV 1501.01325
107! 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.
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Why consider right-handed sneutrino DM?

2 Left-handed sneutrino LSP cannot explain measured
relic abundance and is excluded by direct detection
experiments

2 Mostly right-handed sneutrino is an interesting
candidate, addressing both the origin of neutrino
masses and the nature of dark matter

» Consider simple realisation: Dirac neutrinos, no lepton
number violating terms

Ursula Laa, LPSC & LAPTh SUSY 2015



Why consider right-handed sneutrino DM?

2 Left-handed sneutrino LSP cannot explain measured
relic abundance and is excluded by direct detection
experiments

2z Mostly right-handed sneutrino is an interesting
candidate, addressing both the origin of neutrino
masses and the nature of dark matter

» Consider simple realisation: Dirac neutrinos, no lepton
number violating terms

we want to explore how LHC results constrain
such a sneutrino LSP scenario

—>
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The MSSM+RN model

2 superpotential for Dirac RH neutrino supertield

W = €ij (Mﬁyﬁf — }/ZIJ]:]ZCZZA;JIPLJ —+ YVIJIA{Z-ulA;gNJ)

» additional terms in the soft-breaking potential
Viott = (M%)IJ E{*E;] 4+ (MZQV)IJ NI*NJ
—lei;(AHILIR? + A HYLINY) + h.c]

2 the sneutrino mass eigenstates are then given by

Up,\ [ —sinf% cosOF\ (v}
Uk, cosff  sin@f | \ N*

Ak v si
with sin26} = v/2 z”vsmf
(mi;kg — mﬁkl)

Borzumati & Nomura, hep-ph/0007018
Arkani-Hamed et al., hep-ph/0006312

Ursula Laa, LPSC & LAPTh SUSY 2015



Parameters and constraints

Sample parameter space using MultiNest

2 set of free parameters, allowing for non-universalities In
gaugino and scalar sector:

M17 M27 MSavamfme)mQ?mH)AlaAﬁquvtanﬁasgn:u

e constraints implemented in the likelihood function:
mp, BR(B — X,v),BR(Bs — u"u™), Qpmh?,

ATZVisible BR (h — invisible), M=y Mt M, My, M, O

S1

n

for discussion of resulting parameter space
see Arina & Cabrera, hep-ph/1311.6549

Ursula Laa, LPSC & LAPTh SUSY 2015



Parameters and constraints

Sample parameter space using MultiNest

2 set of free parameters, allowing for non-universalities In
gaugino and scalar sector:

¢> ban 5, sgnp

e constraints implemented in the likelihood function:
mp, BR(B — X,v),BR(Bs — u"u™), Qpmh?,

ATZVisible BR (h — invisible), M=y Mt M, My, M, O

S1

n

for discussion of resulting parameter space
see Arina & Cabrera, hep-ph/1311.6549

Ursula Laa, LPSC & LAPTh SUSY 2015



Parameters and constraints

Sample parameter space using MultiNest

2 set of free parameters, allowing for non-universalities In
gaugino and scalar sector:

¢> ban 5, sgnp

e constraints implemented in the likelihood function:
mp, BR(B — X,v),BR(Bs — u"u™), Qpmh?,

ATZVisible BR (h — invisible), M, W%mé, Mg, Mg, 0o

1 n

i S o 0.1186 + 0.0031(exp) + 20% (theo)

Ursula Laa, LPSC & LAPTh SUSY 2015



Typical spectrum

other squarks

Sampling the parameter space such that we cover
different scenarios, requiring either
light gluinos or squarks, light gauginos or light sleptons

Ursula Laa, LPSC & LAPTh SUSY 2015



Typical spectrum

other squarks

c*z
S
1\12

H_

Zjl #1 ——  tau sneutrino
: slightly lighter

Sampling the parameter space such that we cover
different scenarios, requiring either
light gluinos or squarks, light gauginos or light sleptons

Ursula Laa, LPSC & LAPTh SUSY 2015



Typical signatures

~
X

gluino decay indistinguishable from neutralino LSP scenario

Ursula Laa, LPSC & LAPTh SUSY 2015



Typical signatures

l Opposite signatures for 14 W:
- chargino and slepton
X ﬁ decay as compared to ~ -
— _ neutralino LSP ~ l 14
X' _ - — _ - -
W

%

~
X

) :iagnngEI:Ie zame-sign w )2() \— —ZN_ %; —
[ W

q q 1%

g / 1 / X / v

gluino decay indistinguishable from neutralino LSP scenario

Ursula Laa, LPSC & LAPTh SUSY 2015



Testing the model against LHC constraints

2 To test against large number of results we make use of
Simplified Model Spectra (SMS) interpretation of LHC
searches

Ursula Laa, LPSC & LAPTh SUSY 2015



Simplified Models

g-g production, g—tt 5{?

%'1 000 -1 T sus-13-012 0-lep (E,+H,) 19._%1 fo!
(-% 900 f_CMS Preliminary — :32123?13 oo;tpz-(;:: (:;z?:rf)b 19.3 fb™ :
5 s=8Tev ammemees e 1 SMS are an effective
« 800 ICHEP 2014 T SUS13013 2ep (SSeb) 198 16" Lagrangian description,
CL) SUS-13-002 (MultiLepton) 19.5 _f1b" A
700 -smmmisabln® - containing only a few
500 +* e SUS-12-024 b-jet 19.4 fb part|C|eS, 1 OO% BR

500

400

The masses of the new
300{/

particles are the free

parameters of the
Simplified Model

200 [~

100

| | | |
1400 1600

gluino mass [GeV]

O i | | |
600 800 1000 1200
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Testing the model against LHC constraints

2 o test against large number of results we make use of
Simplitied Model Spectra (SMS) interpretation of LHC
searches

» Decompose realistic model into SMS components

which can be tested against limits presented by
ATLAS and CMS

Ursula Laa, LPSC & LAPTh SUSY 2015



Using SMS results

CMS 19.3 fo s =8TeV To test realistic models,
<~ il T T T T T TR T B . .
E 900 EPP 88,5~ 1 (44 = useupper limits on o X BR
= — NLO+NLL lusi X N : : : :
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gl e sen i e 23 8 the simplified model)
L I (7))
- I @)
600 o o ) . .
3 S = - Assumptlpn.
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400 | R are mainly a function of
00 11 3 the masses of the
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100F =1
ol . .. SRRNENEN . o other quantum
400 600 800 1000 1200 1400 @
3 numbers may be
Lo
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Testing the model against LHC constraints

2 To test against large number of results we make use of
Simplified Model Spectra (SMS) interpretation of LHC
searches

» Decompose realistic model into SMS components

which can be tested against limits presented by
ATLAS and CMS

2 Additional assumption: these results depend mainly on
the mass spectrum of the new particles, not on
specifics of the model (spin structure, production
Process, ...)
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Description of SMS topologies

describe topology by vertex structure and outgoing
SM particles in each vertex

Ursula Laa, LPSC & LAPTh SUSY 2015



Testing the model against LHC constraints

2 To test against large number of results we make use of
Simplified Model Spectra (SMS) interpretation of LHC
searches

» Decompose realistic model into SMS components

which can be tested against limits presented by
ATLAS and CMS

2 Additional assumption: these results depend mainly on
the mass spectrum of the new particles, not on
specifics of the model (spin structure, production
Process, ...)

& SMeIS

Kraml, Kulkarni,
UL, Lessa et al.,
hep-ph/1312.4175
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works for every |
model with a Z- S
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works for every |
model with a Z» ;_,,.1’
symmetry :

SLHf ﬁle__) L Experimental
cross-section - Analyses
calculator |
i, large database
i . with more than
T 7 60 SMS results
Decompose } | ‘ l
Combine Compare
Topologies with

Upper Limits
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works for every
model with a Z»
symmetry
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http://smodels.hephy.at

SMeIS

works for every !
model with _

see talk by Jonathan Da ... P,
symmetry )

. . - %,
Silva for applicationto " .

SLHA file e A .

+ —»| Model - A Z% Experimental
cross-section V | ; — R Analyses
calculator Lo e st

A - large database
By with more than
'.: .." .'. ) -: -: J
A — 7" 60 SMS results
Decompose i | ‘ '
. Combine Compare
publicly available at Topologies with
smodels.hephy.at Upper Limits
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http://smodels.hephy.at

The results in the chargino - LSP mass plane
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Which analyses give the most important
constraints?

Excluded points grouped according to analyses and topologles
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»*+ Not excluded
300 e * o« Excluded by other analyses
e *e ATLAS-SUSY-2013-11, [ —I!+MET
S 250 _ CMS-SUS-12-024, 028
Q *"°* CMS-PAS-SUS-13-019, §—2b+MET
O 200 . e+ CMS-SUS-13-006, 1 —i-+MET
G oo ATLAS-SUSY-2013-14, # 7+ MET
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300

Which analyses give the most important
constraints?

Excluded pomts grouped according to analyses and topologles
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Which analyses give the most important
constraints?

Excluded pomts grouped according to analyses and topologles
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400

350

300

Which analyses give the most important
constraints?

Excluded pomts grouped according to analyses and topologles
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Which analyses give the most important
constraints?

Excluded pomts grouped according to analyses and topologles
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Which analyses give the most important
constraints?

Excluded pomts grouped according to analyses and topologles
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However, many points remain allowed
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However, man

points remain allowed
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However, many points remain allowed
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Those can be tested by topologies not yet
considered by ATLAS and CMS

600 Missing topologies with highest cross section, o x BR= 1 fb
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Those can be tested by topologies not yet
considered by ATLAS and CMS

600

Missing topologies with highest cross section, s X BR=1 fb

..........................................................................................................

..............................................

' i »
. = L34 SN T Y o o - 1
i ‘- L, llﬂ.tltj {f"'*-"n: $ RS
-------------- For A -- 0 gl - d { .- e G-
(3 ® I .
. L} ) PSS 3 ¢ %00

P WL s BOv B SURTT N oo L R X e S T

--- — oy

100 200 300 400 500 600

700

Ursula Laa, LPSC & LAPTh

SSY 2015



Those can be tested by topologies not yet
considered by ATLAS and CMS

Missing topologies with highest cross section, s XxBR=1 fb
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The single lepton topology can have a large
cross section

Single lepton missing topology
600 | | | | | ~ 10°
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=
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LHC searches and direct dark matter detection
experiments are complementary
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LHC searches and direct dark matter detection
experiments are complementary
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Conclusion

z Existing LHC results can constrain the MSSM+RN

2 In particular dilepton+MET searches constrain chargino
pair production

» Constraints obtained for slepton production (followed by
a decay to a neutralino) apply to pair produced
charginos (decaying to a sneutrino)

2 Single lepton searches considering chargino-neutralino
production followed by a decay to sneutrino would test
the model further

» LHC constraints are complementary to direct dark matter
searches

2z Many points feature long-lived gluinos (especially if it is
the NLSP), those points were excluded from the study

Ursula Laa, LPSC & LAPTh SUSY 2015



Backup



We used MultiNest to sample the parameter space

GUT scale Parameters Prior range
My, My (-4000, 4000) GeV
logi0(M3/GeV) (-4, 4)
logio(mq/GeV) (2, 5)
mr, MR (1, 2000) GeV
MmN (1, 2000) GeV
log10(Ag/GeV) (-5, 5)
Ap (-4000, 4000) GeV
A (-1000, 1000) GeV
log1o(mp /GeV) (1, 5)
tan 5 (3, 50)
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We used MultiNest to sample the parameter space

GUT scale Parameters

Prior range

My, M (-4000, 4000) GeV
logr0(M3/GeV) (-4, 4)
logi0(mq/GeV) (2, 5)

mr, mg (1, 2000) GeV
— My (1, 2000) GeV
log10(Aqg/GeV) (-5, 5)

Ar (-4000, 4000) GeV

Az (-1000, 1000) GeV
logio(mpu /GeV) (1, 5)

tan 0 (3, 50)

SSY 2015
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We used MultiNest to sample the parameter space

GUT scale Parameters Prior range
My, Mo (-4000, 4000) GeV
logi0(M3/GeV) (-4, 4)
logio(mq/GeV) (2, 5)
mp, MR (1, 2000) GeV
—pp My (1, 2000) GeV
logio(Ag/GeV) (-5, 5)
Ap (-4000, 4000) GeV
—»  A; (-1000, 1000) GeV
log1o(mp /GeV) (1, 5)
tan (3, 50)

Ursula Laa, LPSC & LAPTh SUSY 2015



using the following observables and constraints

Observable Value / constraint

0P
mp 125.85 + 0.4 (exp) = 4 (theo) GeV g
BR(B — X,v) x 10* 3.55 + 0.24 + 0.09 (exp) g
BR(B — utyu~) x 10° 3.2 (+1.4 -1.2) (stat) (+0.5 -0.3) (sys) §
Oppph? 0.1186 + 0.0031 (exp) + 20% (theo) %

AT pvisible < 2 MeV (95% CL)

BR(h — invisible) < 20% (95% CL)
M- > 85 GeV (95% CL) z
Mgt e, >101 GeV (95% CL) %

mg > 308 GeV (95% CL)
a,,fl < UI%X (90% CL)
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To use SModelS with a non-MSSM scenario, just define
all new particles as r-Even or r-Odd

You can then use SModelS to decompose a point
in your BSM scenario, using as input

 an LHE file containing simulated events, or

 an SLHA file containing the full mass spectrum,
decay tables and the SUSY production cross sections

Ursula Laa, LPSC & LAPTh 20 SUSY 2015




To use SModelS with a non-MSSM scenario, just define
all new particles as r-Even or r-Odd

You can then use SModelS to decompose a point
in your BSM scenario, using as input

 an LHE file containing simulated events, or

 an SLHA file containing the full mass spectrum,
decay tables and the SUSY production cross sections

}

additional checks, in particular SModels can tlag points with
long-lived particles, where current SMS limits do not apply

Ursula Laa, LPSC & LAPTh
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Using SModelS for non-MSSM scenarios

Simply declare all new particles as
R-even or R-odd in smodels/particles.py

rodd = {9000000 : "newROdd"

1000021 : "gluino",
Example 1000022 : "N1",

rEven = {8000000: "newREven"
25 : "higgs",

Ursula Laa, LPSC & LAPTh SUSY 2015



Additional feature for SLHA input files

SModelS can test the consistency of an SLHA input file

In particular

Current experimental constraints require final states
containing missing transverse energy

— results apply only for prompt decays

points with visible displaced vertices or heavy charged
particle tracks cannot be tested against existing
SMS results

—> we flag points with long-lived particles (¢ > 10 mm)

Ursula Laa, LPSC & LAPTh SUSY 2015



Requires additional information on the

guantum numbers of the new states
to decide if a displaced vertex is visible or not

this is also defined in smodels/particles.py

gqNumbers={

35: :0,0,1:,
36:[0,0,1],
37:1[0,3,1]
1@@0024 [1 3,11,

giving 2*spin, 3*electrical charge, colour dimension

Ursula Laa, LPSC & LAPTh SUSY 2015



Compression of final states

Invisible compression
compress fully invisible vertices at the end of a decay chain

Mass compression
compress vertices where the mass splitting is small, decay

products will be too soft to be detected
we used 5 GeV as the threshold value

Ursula Laa, LPSC & LAPTh 30 SUSY 2015




How to read the element description

Example: gluino production, decay via chargino/neutralino

in SModelS language this is
[[[iet,jet],[H]];[[jet,jet],[W]]]

Ursula Laa, LPSC & LAPTh SUSY 2015



Constraints on the strong sector

Excluded points grouped according to analyses and topologies
600 3 o K T

500

100

Ursula Laa, LPSC & LAPTh

Not excluded
Excluded by other analyses

ATLAS-SUSY-2013-11, [ —»I+MET

CMS-SUS-12-024, 028
CMS-PAS-SUS-13-019, g—2b+MET

ATLAS-SUSY-2013-02, § —qg+ MET
CMS-SUS-13-007, §—2t + MET
CMS-SUS-13-012
CMS-PAS-SUS-13-019, §—qg+MET
CMS-SUS-13-006, | —1+MET
ATLAS-CONF-2013-061, §—2b+MET
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Missing topologies

Missing topologies with highest cross section, s X B=1 fb
600 | | e _° o = ." N

T T e Y
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_, 400 e oo [[LI0NI]
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Most frequent missing topologies

Missing topologies with ¢ X BR=1 fb ordered by frequency
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Many points feature long-lived gluinos
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Many points feature long-lived gluinos
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Do the slepton limits apply to chargino production?

test this for ATLAS-SUSY-2013-11, using the MadAnalysis 5 implementation

(B. Dumont, INSPIRE-1326686)

Compare the corresponding efticiencies in a benchmark scenario with
Mmother — 270 GeV, mrsp — 100 GeV
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Do the slepton limits apply to chargino production?

test this for ATLAS-SUSY-2013-11, using the MadAnalysis 5 implementation
(B. Dumont, INSPIRE-1326686)

Compare the corresponding efticiencies in a benchmark scenario with
Mmother — 270 GeV, mrsp — 100 GeV
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Do the slepton limits apply to chargino production?

test this for ATLAS-SUSY-2013-11, using the MadAnalysis 5 implementation
(B. Dumont, INSPIRE-1326686)

Compare the corresponding efticiencies in a benchmark scenario with
Mmother — 270 GeV, mirsp — 100 GeV
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Do the slepton limits apply to chargino production?

test this for ATLAS-SUSY-2013-11, using the MadAnalysis 5 implementation
(B. Dumont, INSPIRE-1326686)

Compare the corresponding efticiencies in a benchmark scenario with
Mmother — 270 GeV, mirsp — 100 GeV
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Cutflow shows that final efficiencies are comparable

Cut Slepton production | Chargino production
Common preselection
Initial number of events 50000 50000
2 OS leptons 35133 33464
my > 20 GeV 35038 33337
T veto 35007 33318
ee leptons 35007 33318
jet veto 20176 19942
Z veto 19380 18984
Different myo regions
mro > 90 GeV 11346 11594
mre > 120 GeV 8520 8828
mro > 150 GeV 5723 5926

—>

We can safely use the results

to constrain chargino production

Ursula Laa, LPSC & LAPTh
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Cutflow comparison for
Mmother — 270 GeV, mrsp — 200 GeV

Cut

Slepton production

Chargino production

Common preselection

Initial number of events 50000 50000
2 OS leptons 29291 27244
my > 20 GeV 29082 26964
T veto 29050 26956
ee leptons 29050 26956
jet veto 16834 16114
Z veto 15281 14025
Different mpo regions

mro > 90 GeV 3028 3198
mro > 120 GeV 85 140

mro > 150 GeV 0 0
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