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Supersymmetry with Broken R-Parity

® Reminder:
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® Superpotential: W = Wy ssa + Wepy
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New Couplings
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Change in Phenomenology

® Single sparticle production

7 . > _
Ur,j + ARy — f;l_, via )\;]k ~ 10 ?

® LSP decays: no dark matter constraint

® Baryon and Lepton Number Violation

® How well is RpV covered by LHC searches!?



® Nice paper to classify general RpC SUSY signatures by:
Konar, Matchey, Park, Sarangi; PRL 105 (2010 )

TABLE I. The set of SUSY particles considered in this analy-

sis, shorthand notation for each multiplet, and the corresponding
soft SUSY breaking mass parameter.
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Classify Decays: strong, mild, none
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Suppression
none

Decay product
jet
lepton
W=/Z/h




® General ordering; GQUDHLW EB;

® Corresponds to:

M(;>MQ>MU>MD>MH>ML>Mw>ME>MB

1

LCP: lightest colored particle

® Signature: d — d+ Y\

® Allow also for CHAMP or R-hadron LSP



(Konar et al.)

TABLE II. Number of hierarchies for the various dominant
decay modes of the LCP C.
n, =0 n, =1 n, =2
ne ni=1 n;=2 n;=1 n;=2 n;=1 n;=2
0 792906 26 880 12768 3360 1344 672
1 30240 10080 1824 480 192 06
2 19770 6030 1500 180 0 0
3 4656 1296 312 72 6 6
4 1656 396 66 6 0 0




General MSSM signatures at the LHC w/ and w/o R-parity
HKD, F. Staub, A.Vicente, W. Porod
PRD86 (2012) 035021

® Have gone beyond Konar et al

® Allowed for separate 3rd generation parameters

® Allow for all LSPs and RpV decays

® Redo the dominant decay picture

® Determine final states



LLE Case

TABLE XI. Results for R-parity violation: A term. The notation is as in Table VI. The upper entry in a given cell of the table refers to
no £, the lower entry to £; also being present. All numbers in this table refer to percentages of a specific signature.
n, =0 n, =1 n, =2
n; n; =1 n; =72 n; >2 nj=1 n; =72 n; >?2 nj=1 n; =72 n;>72
1 0 0 0 0 0 0 0 0 0
0 4.28 4.15 0 0.17 0.22 0 0.02 0.01
2 0 0.4 0.31 0 0.08 0.03 0 5X107%  1x1073
24.17 10.63 20.16 1.32 0.45 1.4 0.15 0.03 0.07
3 5.98 2.18 3.32 1.13 0.28 0.29 0.09 0.02 41073
0.39 2.25 2.21 0.04 0.12 0.1 41074 4x107° 5% 107°
4 0 0.15 0.14 0 4X1073 6X107 0 3x 10 3x 107
3.3 0.74 5.82 0.15 0.03 0.2 3X107? 6 X104 0.01
5 0.58 0.1 0.68 0.05 5x 1073 0.03 6 X 1077 1 X 1077 3X 1074
0.11 0.31 0.38 4 %1073 0.01 0.01 8 X 107 3x 107 7x107*
6 0 0 0.01 0 1x107*  2x107* 0 0 2Xx 10773
0.15 0.03 0.46 41070 6x107* 9x1073 | 9Xx107° I X107 8x107*
7 0 0 0.01 7X107%  2X1075  2X1073 0 0 0
0 6xX1073 2X1073 0 0 5x107°° 0 0 0




UDD Case

TABLE XIII. Results for R-parity violation: A” term. The notation is as in Table V1. The upper entry in a given cell of the table refers
to no £, the lower entry to f, also being present. All numbers in this table refer to percentages of a specific signature.

n, =0 n, =1 n, =2

n njg=72 n; =73 n; >3 n =72 n; =73 n; >3 nj=72 nj=73 n; >3
0 9.38 4.69 37.98 0 0 4.21 0 0 0.3

0 0 7.87 0 0 0.76 0 0 0.03
1 0 0 0 0 0 0 0 0 0

0 0 8.19 0 0 0.56 0 0 0.03
2 0 0 17.45 0 0 0.65 0 0 0.05

0 0 3.71 0 0 0.22 0 0 0.01
3 0 0 0 0 0 0 0 0 0

0 0 1.42 0 0 0.06 0 0 3X 1073
4 0 0 1.92 0 0 0.05 0 0 4% 1073

0 0 0.44 0 0 0.02 0 0 1 X 1073




UDD Case

TABLE XIII. Results for R-parity violation: A” term. The notation is as in Table V1. The upper entry in a given cell of the table refers
to no £, the lower entry to £ also being present. All numbers in this table refer to percentages of a specific signature.

n, =0 n, =1 n, =2

n njg=72 n; =73 n; >3 n =72 n; =73 n; >3 nj=72 nj=73 n; >3
0 9.38 4.69 37.98 0 0 4.21 0 0 0.3

0 0 7.87 0 0 0.76 0 0 0.03
1 0 0 0 0 0 0 0 0 0

0 0 8.19 0 0 0.56 0 0 0.03
2 0 0 17.45 0 0 0.65 0 0 0.05

0 0 3.71 0 0 0.22 0 0 0.01
3 0 0 0 0 0 0 0 0 0

0 0 1.42 0 0 0.06 0 0 3X 1073
4 0 0 1.92 0 0 0.05 0 0 4% 1073

0 0 0.44 0 0 0.02 0 0 1 X 1073

® For the rest of the talk focus on RpV-CMSSM

® See what has already been covered, possibly
by recasting



RpV-CMSSM LHC Searches

® Consider strong pair production: (g, ¢q

® Followed by cascade decay to Y LSP

® For prompt LSP-decay (¢ = e, 1)
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LHC Searches
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ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: August 2016 Vs=7,8,13TeV
Model e[, T,y Jets ET™ [Lai™] Mass limit Vs=7,8TeV [V5=13TeV Reference
T T T T T T T T I T T T T T T
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 4.8 1.85TeV m(3)=m(g) 1507.05525
4, g 0 2-6jets  Yes 133 m(¥})<200 GeV, m(1* gen. §)=m(2™ gen. §) ATLAS-CONF-2016-078
@ a4 §—q¥) (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(¥})<5 GeV 1604.07773
S & g—>qu 1 0 2-6jets  Yes 133 m(E")=0 GeV ATLAS-CONF-2016-078
§ 2% 2-oqehi —>qu*)( 1 0 2-6jets  Yes 133 m(¥?)<400 GeV, m(¥*)=0.5(m(¥")+m(z)) ATLAS-CONF-2016-078
S &gl vv}h Seu 4 jets - 13.2 m(¥})<400 GeV ATLAS-CONF-2016-037
o &8 2-qqWZi) 2e,u(SS) O0-3jets  Yes 132 m(¥}) <500 GeV ATLAS-CONF-2016-037
=  GMSB (£ NLSP) 1274+0-1¢ 02jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 r(NLSP)<0.1 mm 1606.09150
2  GGM (higgsino-bino NLSP) Y 1b Yes 203 |& m(¥})<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥))>680 GeV, cr(NLSP)<0.1 mm, 10 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2 jets Yes 20.3 g 900 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(g)=m(g)=1.5TeV 1502.01518
f’ g g8 gk 0-Teu 3b Yes  14.8 m(¥))=0 GeV ATLAS-CONF-2016-052
S 00 28, gobiX| 0-1e,u 3b Yes  20.1 1.37 TeV m(¥})<300 GeV 1407.0600
w < Dbibi, bi—bk) 0 2b Yes 32 _ m(F})<100GeV 1606.08772
=S bbb 2e,u (SS) 1b Yes 132 |k | 325-685GeV m(¥})<150 GeV, mm) m(¥})+100 GeV ATLAS-CONF-2016-037
g S iy, i—bXT 0-2 e, 1-2b  Yes 4.7/13.3 |A417-170Gev. [ 200-720 GeVl m(X1 ) = 2m(¥Y), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
@ B i, t1—>WbX1 or t¥) 0-2e,u 0-2jets/1-2b Yes 4.7/13.3 |&H  90-198 GeV [ 205-850 GeV! m(E))=1GeV 1506.08616, ATLAS-CONF-2016-077
sS in, fi—ct’ 0 mono-jet  Yes 32 |&  90-323 GeV m(f )-m(¥})=5 GeV 1604.07773
© Q #ifi(natural GMSB) 2e,u(2) 1b Yes 203 |7 150-600 GeV m(¥})>150 GeV 1403.5222
28 hhbh-oh+Z 3e,u(2) 1b Yes 133 | &  290-700 GeV m(¥})<300 GeV ATLAS-CONF-2016-038
hi, h—f +h leu 6Bjets+2b Yes 203 |£& 320-620 GeV m(¥))=0 GeV 1506.08616
T rlLg, 1> 2e.u 0 Yes 203 |7 90-335 GeV m(¥?)=0 GeV 1403.5294
XXT, X —Tv(tw) 2e,u 0 Yes 133 m()=0 GeV, m(z 7)=0.5(m(¥T)+m(¥})) ATLAS-CONF-2016-096
)?1)?1‘,)?] —FV(19) 27 - Yes  14.8 m(¥})= =0 GeV, m(7, 7)=0.5(m mEET)+m(El)) ATLAS-CONF-2016-093
> ‘g X1X8—>€Lv€L€(W) I09402%) 3e,pu 0 Yes 13.3 mET)=m(t3), mm)_o m(Z L.y 7)=0.5(m m(ET)+m(tY)) ATLAS-CONF-2016-096
s X1X8—>WX zv) 2-3e,u 0-2jets  Yes 203 425 GeV m(¥7)=m(¥3), m(¥)=0, 7 decoupled 1403.5294, 1402.7029
= X(I)X&—)W)(lhxl, h—bb/WW/tt]yy &HY 0-2b Yes  20.3 270 GeV mT)=m(¥3), m(¥})=0 Edecoupled 1501.07110
X3, X33 —lrl 4epu 0 Yes  20.3 635 GeV m(E5)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. leu+y - Yes 20.3 4 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod. 2y - Yes 203 | W 590 GeV cr<imm 1507.05493
Direct ¥{¥] prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m¥T)-m(E))~160 MeV, 7(¥7)=0.2 ns 1310.3675
Direct ¥{ X7 prod., long-lived ¥7  dE/dx trk - Yes 184 | X 495 GeV mET)-m(¥})~160 MeV, (¥7)<15 ns 1506.05332
Y o Stable, stopped g R-hadron 0 1-5jets Yes 279 |2 850 GeV m(¥})=100 GeV, 10 us<7(g)<1000 s 1310.6584
o T Metastable g R- hadfon dE/dx trk - - 3.2 m(¥})=100 GeV, r>10 ns 1604.04520
8 g GMSB, Stable 7, X1—>‘r(e f+1le, ) 124 - - 19.1 537 GeV 10<tanB<50 1411.6795
=L GMSB X1—>yG long-lived X(l) 2y - Yes 20.3 440 GeV 1<T()?1)<3 ns, SPS8 model 1409.5542
33, V) —eev/euv/upy displ. ee/ep/up - - 20.3 1.0 TeV 7 <c‘r(X1)< 740 mm, m(3)=1.3 TeV 1504.05162
GGM 33, X' —2G displ. vix +jets - - 20.3 1.0 TeV 6 <ct(¥?)< 480 mm, m(g)=1.1 TeV 1504.05162
LFV pp—v. + X, ¥r—ep/et/ut €[, eT,UT - - 3.2 A5,,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 1.45 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
X0, XS WHL X —eev, epv, v 4 espt - Yes 133 m(/\?1)>4OOGeV 120 (k = 1,2) ATLAS-CONF-2016-075
XIXT, X1 > W X >1tve, etve 3eu+t - Yes 20.3 m(X1)>0 2xm(¥7), 1133#0 1405.5086
E 88, §—>qqq 0 45large-Rjets - 14.8 BR()=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
o 3z g—)qul,Xl - qqq 0 4-5large-Rjets - 14.8 m(¥})=800 GeV ATLAS-CONF-2016-057
28, g—1i¥ ,X? - qqq le,u 8-10jets/0-4b - 14.8 m(#})=700 GeV ATLAS-CONF-2016-094
83, 3oht, fiobs 1e,u 8-10jets/0-4b - 14.8 625 GeV<m(f;)<850 GeV ATLAS-CONF-2016-094
ffy, —bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fif, fi—bt 2e,u 2b - 203 | & 0.4-1.0 TeV BR(f, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, —c¥} 0 2¢ Yes 203 |& 510 GeV m(¥))<200 GeV 1501.01325
1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
*Only a selection of the available mass limits on new -1
stalyes or phenomena is shown. 10 1 Mass scale [TeV]



ST Metastable g R- hadron dE/dx trk - - 3.2
c:) 8 GMSB, Stable 7, X1—>T(é /’1)+T(e wy 1-2p - - 19.1
~ GMSB, ! —yG, long-lived ¥} 2y - Yes  20.3
78, X —eev/epy/puy displ. ee/ep/upn - - 20.3
GGM ggf,)(l—>ZG displ. vix + jets - - 20.3
LFV pp—v,: + X, Vv —eu/er/ur ep,etT,ut - - 3.2
Bilinear RPV CMSSI\/I 2e,u(SS) 0-3b Yes 20.3
XXy, )?f—>WX1 X1—>eev euv,upy - 4 e i Yes 13.3
N )?f)?f )?f—>WX1 X1—>TTVe, etV e, u+71 T Yes 20.3
o 88, 84999 0 4-5large-R jets - 14.8
o 23, §—>qq)?(1),/\~/(1) — qqq 0 4-5large-R jets - 14.8
33, 3otk ], X\ — qqq /) 1e,u 810]ets/0-4b - 14.8
g8, g1, fi—bs A e,u 810jets/0-4b -  14.8
f1f1, f1—bs 0 2jets+2b - 15.4
f1f1, i—bl 2e,u 2 b - 20.3

Other Scalar charm, E—>c)?(1) 0 2 c Yes 20.3 ¢

I
*Only a selection of the available mass limits on new 10-!

states or phenomena is shown.

ATLAS-Aug 2016



ATLAS RpV—Searches

Analysis final state process RPV couplings | Notes | CM? |
explicit RPV searches
ATLAS-CONF-2016-057, see 1 multi-jet (N b-jets) g — qqq and § — qqX} — 5q A’ new 13 TeV data
PRD 91 112016, see 2 > 6-jet or > T-jet 9 —qqq 1125 A113, A2z, Aj12, sy, Agso
Total jet mass (large-R) g — qq[xX} — qqq] ik
PRL 115 031801, see 3 et T et T utrT qq — Uy — (0T As11 X {A132, A\133, A2ga} only considered r,; mediator v
PRD 90 052001, see 4 > 4¢ where > {0, 1, 2} are 7’s )N(it — W[)N((l) — EEV] )\121, )\122, )\133, )\233
(ATLAS-CONF-2015-018) 0 — XY — o]
v — v[x) — 0]
g — qa[x§ — ]
JHEP 06 (2014) 035, see 5 SS or 3¢ + > {0, 1,3} b-jets G — t[f — bs] =1
(ATLAS-CONF-2015-018) g — qq[X? — v Aijk includes 7’s in £
[Xi — b)[xy — (W] i v
[t — t(XF — vW)]... ki
= (XY — vbd)]
JHEP 04 (2015) 116, see 6 isolated ¢ + jets g — qq[X¥ — ¢/vqq] Nijk includes 7’s in £
(ATLAS-CONF-2015-018) q — q[xXy — €/vqq] ik includes 7’s in ¢

JHEP 09 (2014) 176, see 7 26 jots 7= qa[x0 = £vaq] N with j £ 3 MET > 160 GeV!
(ATLAS;CONF-2015-018) q — q[xX} — £/vqq] optimised for RPC
JHEP 10 (2013) 130, see 8 7-10 jets g — qq[x§ — vqq] Al with j # 3

(ATLAS-CONF-2015-018)

ATLAS-CONF-2015-015, see 9 e*eTbb, e uTbb, u*puTbb t— bl 133, N33
JHEP 06 (2016) 067, see 10 bbss t — 3b Aog see also 1210.4826 for 7 TeV analysis
ATLAS-CONF-2016-022, see 11 bbss t — 5b Nos same as above
leptoquark searches

Eur.Phys.J. C76 (2016) 1, 5, see 12 eejj, [ty J qg— L Nijk
(CERN-PH-EP-2015-179) vy bb, v Dt g — vb

displaced vertices
PRD 92 072004, see 13 DV + {e, u,jets, EMiss} g — qq[xX) — '] A121, A122

Displaced ee, ey or pji pairs g — q[X§ = ¢/vqq] 1135 A1235 A213, Agag, Ag1y
Long lived particles and R-hadrons

PRD 88 112003, see 14
JHEP 01 (2015) 068, see 15 long-lived charged particle
ATLAS-CONF-2015-013, see 17 metastable charged particles almost indep. of final state
LHCH-PAPER-2015-002, see ?7? long-lived charged particles LHCb analysis!

Other scenarios
CERN-PH-2016-143, see 77 resonant W' — (v 0 — XY or — fv LQD, LLE

D — IxE, YT —invisible LQD, LLE
Still to add

JHEP 12 (2012) 086, see ?? | pair prod of X — 3j | g — 3¢ | UDD |

Compilation: Derks, HKD, Krauss, Opferkuch, Reinert



ATLAS RpV—Searches

(our summary)

Analysis final state process RPV couplings | Notes | CM? |
explicit RPV searcheb
ATLAS-CONF-2016-057, see 1 multi-jet (N b-jets) g — qqq and § — qqX} — 5q N new 13 TeV data
PRD 91 112016, see 2 > 6-jet or > T-jet J — qqq M2y A3, Alas, AS19, Abgy, Agso
Total jet mass (large-R) g — qq[xX} — qqq] Ak
PRL 115 031801, see 3 etuT etrT, utrT qq — U — (E0F As11 X {A132, A\133, A2ga } only considered ©, mediator v
PRD 90 052001, see 4 > 4¢ where > {O, 1, 2} are 7’s )Zit — W[)z(l) — EKV] )\121, )\122, )\133, )\233
(ATLAS-CONF-2015-018) [ =
v — v[x} — ]
g — aq[x§ — L] \
JHEP 06 (2014) 035, see 5 SS or 3¢ + > {0, 1,3} b-jets g — t[t — bs] J g =1
(ATLAS-CONF-2015-018) g Nijk includes 7’s in ¢
(X1 W] ki v
[t —t(Xf — I/W)] Ki
L=t — Vbb)]
JHEP 04 (2015) 116, see 6 isolated ¢ + jets g — qq[x§ — ¢/vqq Nijk includes 7’s in /¢
(ATLAS-CONF-2015-018) q — q[xX§ — £/vqq] Aijk includes 7’s in ¢

JHEP 09 (2014) 176, see 7 2-6 jets g — qq[x§ — ¢/vqq Al with j # 3 MET > 160 GeV!
(ATLARJ;CONF-2015-018) q — q[xXy = ¢/vqq] optimised for RPC
JHEP 10 (2013) 130, see & 7-10 jets g — qq|X?Y — vqq Ajr with j # 3

(ATLAS-CONF-2015-018)

ATLAS-CONF-2015-015, see 9 eTeTbb, e pTbb, p*puThb t — bl N33, Ayas
JHEP 06 (2016) 067, see 10 bbss t — 5b s see also 1210.4826 for 7 TeV analysis
ATLAS-CONF-2016-022, see 11 bbss t — 5b Afog same as above
leptoquark searches
Eur.Phys.J. C76 (2016) 1, 5, see 12 eejj, 1ijj qg—1j Ak
(CERN-PH-EP-2015-179) VU bb, v Dt qg—vb
displaced vertices
PRD 92 072004, see 13 DV + {e, p, jets, Emiss} g — qq[xX) — £0'V] A121, A122

Displaced ee, ep or pp pairs

g — q[xX} = ¢/vqq]

/ / / / /
)‘1137 )\1237 )‘2137 )‘2237 >‘211

Long lived particles and R-hadrons

PRD 88 112003, see 14

JHEP 01 (2015) 068, see 15

long-lived charged particle

ATLAS-CONF-2015-013, see 17

metastable charged particles

almost indep. of final state

LHCH-PAPER-2015-002, see 7?

long-lived charged particles

LHCb analysis!

Other scenarios

CERN-PH-2016-143, see ?? resonant W' — (v 0 — 0x° or — fv LQD, LLE
D — IxT, xT —invisible LQD, LLE
Still to add
JHEP 12 (2012) 086, see ?? pair prod of X — 3j | g — 3q | UDD




squark gluino production

stop
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EWK gauginos
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RPV
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For decays with intermediate mass,
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CMS RpV-

Searches

Analysis final state process RPV couplings Notes | cM? |
explicit RPV searches
CMS-SUS-16-013, see 77?7 many jets, b-tags, 0-1 leptons Gluino pair prod., g — tbs 393
CMS-EXO-13-001, see 2 8- and 10-jet events g pair prod., g — qq — qqH — 5q ’2’12’213
CMS-SUS-13-013, see 3 (=0* and jets g pair prod., g — tbs fos v
CMS-SUS-13-010, see 4 4/, isolated 4/g (§ — Gq)pair prod. A21, A\122
g — q[x) — £ty v
CMS-SUS-13-005, see 5 2, (24+N) j resonant 2 ge?. sleptoncz]prod. 511 LiI}li(tS on /\’211)
e.g. ﬁ—>u>~<1—>uu as f(mo, M2
e.g. Uy = pxXy = (...) = ppdj and f(mgz, mgo)
CMS-SUS-13-003, see 6 (3+N) ¢, N b-tags tr palr prod.; tr — t¥)(= B) *
XY — pth/v,bb (Nos3); 233
— Vil il vl (Nijk) A122, A233
CMS—SUS—lQ—OQ?, see 7 (3-|—N) giso,max.lﬂw Nb hght StOp pair prOd. /\122, )\123, )\233
G/g pair prod.; X} LSP A122, A\123, A233, Adg1; Adszs AT1o
CMSSM with non-zero )\122 )\122
CMS-EXO-14-013, see 8 05707, (5+N) jets, low By t pair prod., t; — b[x; — £j7] A;w, My
CMS-EXO-14-008, see 9 221 b—tr 833
CMS-EXO-13-002, see 10 el pairs resonant r, prod. A132, A51q NWA: Limits on
_ 12 2
v assume dd — Uy — e axBu%
Limits from pu — e conv.
CMS-EXO-12-052, see 11 > 47 (2 jet pairs) t pair prod., t — qq 819, Mg mod}elzl4BG analyftically (%)
with 4-param. funct.
CMS-EXO-12-049, see 12 > 6j g pair prod., g — 37 Y9y A3, AJasg all comb. of signal triplets | (x)
1 _ . model BG analytically
eptoquark searches
CMS-EXO-12-041, see 13 0il;57 +4b, i =12 t pair prod.; t — b[HT — £;qb] 1395 Ab3o
CMS-EX0O-12-032, see 14 CThadr., (24N) j(1+4X b tags) t pair prod., t — br 833
(Thadr., (5+N) j(1+X b-tags) t— b[)}f * — 1qq] 3i
CMS-EXO-11-030, see 15 20 2v, /2b2%Y maybe applic. f. LQD, b — bv? maybe 34 not too sensitive for RPV
displaced vertices
CMS-EXO-12-037, see 16 displaced ee or up pairs q pair prod., ¢ — q[x} — v 0] Ai22, Ai11 (V)
CMS-EXO-12-038, see 17 displaced dijet pairs q pair prod., ¢ — q[x} — pjjl 511 (V)
CMS-B2G-12-024, see 18 displaced e and u t pair prod., t — bl Nag No requirements
from separate vertices assumes A133 = Ao33 = A333 also apphc to >‘ka on jets, MET (V)
CMS-SUS-14-020, see 19 2 displaced vertices, emerging jets X} or g to jets A
.. .and many more leptoquark searches which don’t add new signatures as far as I'm aware. E.g. CMS-EXO-12-002 (b7, limits on Aj555)
more, overlooked so far
CMS-EXO-11-028 , see 21 ij/tvjj, L = u,e solely L(Q search
CMS-SUS-14-001 , see 22 jj(b-tags), multijet(t-tag) 3rd gen squark pair prod. applic to A" f. mgo — 0
CMS-EXO-12-043 , see 20 eej /g LQ search. Not relevant!

Compilation: Der

s, HKD, Krauss, Opferkuch, Reinert



Final State Topology

Coverage and Luminosity

¢ =e,u (T-tagged) jets (b-tagged) Emiss Vs =T7TeV 8 TeV 13 TeV
- >6 /7 jets (0-2b) -
(-veto > 7 jets (0-2b) Yes
- > 2 jets (2b) -
20 (SS) > 5 jets (>3b) / >3 jets (> 1b)  Yes
o 3¢ > 5 jets (>3b) / >4 jets Yes
< 4¢ (0-27) - Yes
= 20 (08S) 2 jets (2b) -
< 10 > 8 jets (0 or 3b) -
e, er, ut (OS) - -
2e / 2u > 2 jets -
- 2 jets (2b) / > 3 jets (2b) Yes
10 > 4 jets (> 1b) Yes
- > 4 jets (> 0b) 2-jet pairs -
- > 6 jets (0 / > 2b) 3-jet pairs -
i 8 jets (0,> 1b) / 10 jets (0,> 1b) -
10 6 jets (> 3b) -
20 > 4 jets (> 2b) -
- 4¢ (SFOS) - -
= e - _
< 30(0-17) / 4¢ (0-17) 0-1 jets (all b’s) -
> 20 (SS) > 2 jets (> 0b) -/Yes
2e / 2p (OS) > 5 jets (> 1b) Yes
put (SS) /et > 2 jets / > 3 jets - / Yes
20 (SS) / 14 2 jets -/ Yes
(T > 2 jets (> 1b) / > 5 jets (> 1b) -
(-veto 2 jets (2b) Yes




Summary X1 LSP in RpV-CMSSM

® LLE:covered (including T cases)
® UDD: covered (including N; = 0,1, N, =0, 1)

® LQD:some small gaps
® §, G cascade via X} to explicit T
(could reinterpret ¢, 11 searches with leptonicly decaying 7 )

® ¢, g cascade followed by LSP decay:
) = e 4+ t+]



Non-Xi-LSP Searches
® |SP unstable, thus any s-particle can be LSP

® Special cases searched for: direct RpV decays

® Leptoquark searches: ¢ — (¢¢', vq")
® Stop pair production: ¢t — (bs, bf)
® Sbottom pair production: b — tT

® Resonant sneutrino production: dd — 7 —
(beyond single coupling hypothesis)

eft
CT

T



General Signatures

/ LSP \ [ Operator )
- L1LyFE
Xcl) 1 .2 1
el .
| | Dy L2L3€3
pair production: qq, qg, gg . LeQ)1 D+
- _ 2y KER Y .
resonant £ production 1 =
~T1 LquDl
d1.. R :
t~1 LTQ3D3
\ G ) \ U; DDy, )

® Consider LSPs in RpV-CMSSM



LSPs in the RpY CMSSM

® Parameters: My, Mo, Ao, tan 3, sgn(p), Arpv

/

single RpV coupling at Mx

® Use SPheno RGEs, including RpV to find possible LSPs

® For Agpyv = 0 get X1and 7 LSP



LSPs in the RpY CMSSM
LSP | RpV Operators

R | A <1 (RpC-like);

Ll By, (enlarged regions) 4y SPheno RGES

7L | LsQ; Dy including RpV)

ar | LiLsEs, LiLoEs, LolsgkEs

er | Lolsky, Liloky, Lolsky
Ne LleDk, (]7 k) 7& (17 1)

ij LQQjDk
7. | X
tr | UsD;D,

bR UID2D37 02D1D37 UQD2D37
® Update of HD, S. Grab; PLB 679,09, including Higgs constraint



LLE: )\231 = 0.1 with M1/2 = 1500.0 GeV and A() = -2000.0 GeV
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LQD: Az = 0.11 with tanf = 10.0 and Ay = -1500.0 GeV
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UDD: A5,3 = 0.5 with My = 800.0 GeV and M;/, = 1000.0 GeV

10
—3250 —3200 —3150 —3100 —3050 —3000 —2950 900 —2850 —2800

Ay [GeV]




UDD: My = 0.5 with My = 600.0 GeV and M, = 1200.0 GeV
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LSPs in the RpY CMSSM

LSP | RpV Operators

TR | A <1 (RpC-like);
L;L;FEs5, (enlarged regions)

L | LGy all not
pr | Lilsks, LiLoks, LolsEs explicitly
érn | LolsEy, LiLsF, LyLsFE; searched
7o | 1iQ;Dr, G.K) £ (1, 1) for
V), LoQ; Dy,
V., X
tr | UsD;D; } experimentally
br | UrD2Ds, UsDy Dy, UsDaDs, 5 COVered




Benchmarks

LSP | RpV Operators
v | A <1 (RpC-like);

L;L;E3, (enlarged regions)

= [ I:0,D: ® preliminary benchmarks for the
fin | Lilsby, LilaBs, LoLsks various LSPs and couplings

én | LalsEy, LiLyEy, LyLsE

ﬁe LleDlﬁ (]9 k) 7é (17 1)

U, | L.Q, Dy
7, | X
in | UsD;D,

br | UtDyDs, UyD1 D3, Uy Dy Ds,
® Determine full spectrum with many possible signatures

® Check if at least one signature for each benchmark
is covered by existing searches



|dea of Program for Recasting

Determine all RpV exclusive final state signatures
for a given LSP scenario benchmark: prod. ® cascades®

Compute: 004 X (Br)"” for each of these signatures
P p &

Retain those with an observable rate

List experimental final state signature vectors” for
all exclusive RpV LHC searches

Compare the two



Details of Program
Choose RpV-CMSSM Benchmark:

MO) Ml/27 A07 tanﬁ) Sgn(lu)vAva

Compute spectrum and decay tables with SPheno;
include RpV in RGEs; only 2- and 3-body decays

l (7 LSP can have 4-body decay)

Compute Xsections with Prospino and NLL-fast

~ AN N AN N AN

a9, 94, 9q,4q"




Comments

In RpV important to distinguish squark flavor:
gL,R - {?1, CZ) 57 57 57 E}
As specific RpV coupling, e.g.: LoQ3D; distinguishes

VERY large number of processes

Require: 0pr0q - £ > 0.03



Details of Program (cont.)

For each produced sparticle iteratively
compute all possible cascades, and
their Br’s using SPheno decay tables

® Again impose a cut to keep numerics manageable

1
Br < & Brmax(all g decays)
~ /) Ndecays
I —. ur + u and also

or 0 Brioy, = H Br;




(still many many

possibilities)
Add all cascades with same final state
Product: cascades; ® cascadess

Associate analysis array vector with each

combined decay tree
(Niets, Nb—jets, Ne, 5SS, N, E:,”iliss, Z, — veto, resonances)




Classify all Exclusive RpV Searches

® Create vectors for experimental analyses as well

(Niets, Nb—jets, Ne, SS, N, B3 Z — veto, resonances)

Compare the two to see if final state has
been looked for




Example
BP8: \iao|nre = 0.1 LSP =v,, m = 441 GeV
NLSP = e, m = 450 GeV

NNLSP = x}, m = 470 GeV

Signature: 6 jets with 2 b; MET; 2 (j b)-resonances

Cascade: pp — qq; Oprod. X (Br)™ = 0.41b

X7 — Vele — Ve (5D)

Atlas search: PRD 91 (2015) 112016



Summary

® RpV signatures can be very different

® Standard Neutralino LSP in RpV-CMSSM s
searched for at LHC

® Other LSPs in RpV-CMSSM Many extensions
not yet covered

® Our new mapping tool indicates that most of
them can be recast into existing analyses
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® 2hr show, journey
through history of
particle physics, with
25 live experiments

® Available on the arXiv

arXiv:1607.07478




