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A Massless Neutralino

Neutralino Mass Bound

o Lower neutralino mass bound [‘“’"a“a“’ et al. 2°°3]

arXiv:hep-ex/0311019

m_o > 46 GeV
X1

based on chargino mass bounds (and subsequently || and M), and unification of gauge
couplings at large energy scale

1
M, = gtan2 bw My ~ = M,

e Dropping the assumption, M; is a free parameter and light, bino-like neutralinos are

. . . Dreiner, et al. 2009
possible and consistent with laboratory bounds [ el e ]

e Cosmological bounds exclude a stable light neutralino in |Preizer. et al. 2009],[3"“‘“’ et al. 2°17]

arXiv:0901.3485 arXiv:1703.03838

0.7eV < meo < 34 GeV
1

RPYV Superpotential W

Wrpy =k LiHy + Xiji L; Ly By, + A;jkLinﬁk + Agijz‘Bjﬁk
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Estimated Number of Neutralino Events

Decay Topology
e Prompt M — 3{? + X, Displaced >~<(1) — M +1

o Assume that neutralino is LSP, produced singularly and degenerate sfermion masses

Simulation Procedure

o Produced neutralinos

NP =S" Ny - T(M = 30+ X) -7
X1

M
@ Observable neutralinos

N;bs Nperd Br(xl — charged) - (P[x (1) in d.r.])
1

— 2 non-zero couplings )‘;j . are required
o Use Pythia 8.243 for a Monte Carlo simulation

Nue Lo L
(PR indr)) = —— 3 e .<1_e )

NMC i

o Assume zero background and 100% detection efficiency

4
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ANUBIS - AN Underground Belayed In-Shaft search experiment

Figure: A sketch of the geometry of ANUBIS from a sideway- and topdown-view H:;é'ﬁ;&?%j%ﬂ

Geometry

o Cylindrical detector in PX14 installation shaft: d, = 24m (d;, = 5m), [, =56 m
(I, = 18m), I;'8 = 18.67m

e 4 tracking stations divide into 3 segments

o Integrated luminosity 3ab™ "
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ANUBIS - Decay Probability

Approximating Fiducial Volume [Himh' (3 0PI

arXiv:2001.04750

o A segment is missed for

1 lseg lseg
tan; < M , tan @, > L
dp, + 1y, dp,
e 3 contributions P; from each segment
L, Ll

N g
P[(Xl'lndr 22— i ~<1—e ki)
o Lengths projected onto beam axis are

. d s 1 . lseg
LJT,i = min [max (dh, %) ,dp + lh}

3 d, Tass
L?i = min [max (dh, ;#) ,dp + lh] = I
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MAPP - MoEDAL Apparatus for the detection Penetrating Particles

1) Event
\ Ly z
P g Lr; v
— n b IP - LHCb
! ‘ z I~ XY Event z

Figure: Sketch of the experimental setup of MAPP1 and MAPP2 [D’ei"e:r’xﬂ';tx;’oﬁ?: 2020]

TP - LHCH

Geometry
o Located in UGCI gallery at IP8 next to MoEDAL
e Variable position of MAPP1, 5° to 25°
o Integrated luminosities 30 fb~' and 300fb "

o Lp, and Ly ; evaluated by an application
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Benchmark Scenarios

Benchmark 1

o Production via )\/122
+ ~0 +
Dy —x1+e

o Neutralino Decay via )\/112 and )\/122
Visible final states:

X0 e+ (KT, KT) via Mz

Invisible final states:

Benchmark 2

. . ’
e Production via \j3;
0 ~0
B" —=Xxi+u

o Neutralino Decay via )\/112
Visible final states:

X — et + (KT, KT

Invisible final states:

/ 9 / ~0 0 0 *0
- v+ (n.m,9) via Ajgp X1~ u+ (KL, Kg, K )
X1 0 0 0
* 3 /
v+ (Kp, Kg, K'7)  via A1pp
v v
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Br vs. er
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Comparison, meo = 3000 MeV
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Conclusion

o Large luminosity at HL-LHC allows for LLP discovery.

o Both ANUBIS and MAPP are sensitive to light neutralinos in R-parity violating
supersymmetry beyond current bounds (M — 55‘1) + X, )Z(f — M +1)

o MAPP2 extends sensitivity of MAPP1 significantly, ANUBIS is most promising

o Compared ANUBIS and MAPP to other proposed experiments the sensitivity reach is
complementary, but differs in optimal decay lengths

o Br vs. c¢7 estimates are extendable to related decay topologies

Thank youl!

Julian G cher RPV at ANUBIS and MAPP February 18, 2021 13 /13
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Charmed Benchmark - A}/ m% vs. \p/ m%
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Charmed Benchmark - Br vs. c¢r
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Comparison, meo = 1200 MeV

107° - 107
N et = — S I A VR VA0SO 000
e I RN % %0 9 %0%0%
10—7 TTov. \\ < | E 10-7 A >
a 10-8 ™ RN . ~.d C/ T 108 \ \ P Q
?o — \\ o / = -9 \\ \ /7 6%%(
& 1070 NN N < 10 \\ \ ¥ K &
= 10-10 _— 2 1p-10 y
A 10Ty <1/ = N\
1071 f== e, = + 10° N s )
—12 — ALIX, 2001 = 10-12 //m—m.-\pm, mnri1 /
10712 T o0 s + \ > — Niaonmt
10718 1= somions v o 1077 % == comexs s |
il SH-P.'. 102 PO.T = 10—14 MATHUSLA 3 ab™"
107110710 100 10-° 107 107 100 % g o e
/ —2 —1 0 1 2 3 4 5 6 7 8
L”} in GeV—Q 107#10~* 10 10* 10¢ 10° 10* 10°> 10° 10" 10
mi (cr) [m]

Julian Ginther RPV at ANUBIS and MAPP February 18, 2021 4/4



	Light Neutralinos and R-Parity Violation
	Simulation Procedure
	ANUBIS
	MAPP

	Numerical Results
	Benchmark Scenarios
	Comparison to other Detector Concepts

	Conclusion
	Appendix

