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Supersymmetry

Extension of the Standard Model: Introduce a new symmetry
Spin %2 matter particles (fermions) < Spin 1 force carriers (bosons)

Standard Model particles SUSY particles
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Quarks 0 Leptons . Force particles

Higgs
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X Gravitino
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Squarks  Sleptons o Susy
Force particles

1\B+L+2
New Quantum number: R-parity: Rp = (—l) _— +1 SM particles

R-parity conservation: -1 SUSY particles
» SUSY particles are produced in pairs

* The lightest SUSY particle (LSP) is stable
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Dark Matter in Supersymmetry with MasterCode

Global Fit to indirect and direct constraints on SUSY!
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Dark Matter Constraints

SUSY particles
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Electroweak
observables
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Direct Detection

Source:
http://mastercode.web.cern.ch/mastercode/

MaS TEeRcope

Observable Source Constraunt Ax® Ay Ax®
Th./Ex. (CMSsM) | (NUHM)) (*5M7)
e [GeV] I 1732 £ 0.00 005 0.06 B
Aal) (Mz) 42 0.02749 + 0.00010 0.009 0.004
Wz GV £ U1.1875 + 0.0001 T 110 " 036 .
Tz [GeV] 26 / 144 2.4952 + 0.0023 + 0.001susy 0.078 0.047 0.14
Thnd |05) 76 / 04 31500 + 0.087 750 757 754
Ry 26 / 143 20767 + 0.025 1.05 1.08 1.08
Am(l) 26| / 194 001714 + 0.00005 0.72 U.60 U.81
A P;) 26 / 144 0.1465 + 00032 011 0.13 0.07
T 76l /144 031620 + 0.00065 035 039 037
T 76! / 104 01721 + 00080 oo | oom .02
Anlb) 76 /3 00992  0.0016 717 77 (R
Am(c) 76 /7 104 U707 + 00035 RS RS 080
As 26 / 134 0,923 + 0,020 0.36 0.36 0.35
AL 76| / 104 U670 + 0.007 0005 0005 0005
A¢(SLD) 26 / 144 0.1513 + 0.0021 3.16 3.08 3.51
sin- e (Ors) 26 / 144 0.2324 + 0.0012 0.63 0.64 0.59
My [CeV] 26| / 144 B0.500 + U003 + 0.010susy 177 1.30 708
an —an 0/ B2,5 D88+ 00susy) <10 © | 435 | 152 [ I1L10(N/A) |
M, [GeV] 7 /[ 55,56 > 114451 5eusv] 0.0 0.0 0.0
BRy [35] / (48] 1.117 + 0.076gx p 1.83 1.09 0.94
+0.0825y + 0.0505usYy
BR(B, 5> p'p ) [29] 7 A1 CMS & LHCh 0.04 0.44 0.01
BR:{S,’,,!! 29 / A6 1.43 + 0.43expsTH 143 1.59 1.00
BR(By—» p™p™) 1290 /146 < 4.6[+0.01sysy] =« 107~ 0.0 0.0 0.0
BRE T 471/ |46 099+ 0.32 0.02 < 0.01 < 0.01
BR',;-‘:‘E" [29] / 4% 1.008 + 0.014gxp T 0.39 0.42 0.33
BRSO 19/ |50] <45 0.0 0.0 0.0
AMg 19| / 51,52 0.97 + 0.01pxp = 0.27sm 0.02 0.02 0.01
AN T
i |29 / HE/51,52 1.00 + 0.01gxp + 0.135u < 0.01 0.33 < 0.01
d
Acy o0 39 / B152 1.08 + 0.14gxps T 0.27 0.37 0.33
Qcpuh’ 811 / 13 0.1120 + 0.0056 + 0.012zysy | 84x10~° 0.1 N/A
o 5] Ty, on) plane I8 E] 013 N/A
w% ™ PTane — ZFT
H/AH* 21 (M 4, tan 8) plane 0.0 0.0 N/A
Total x°/d.of. Al All Ta D | a0 | BB 2is D) |
p-values 15% 16% 9% (49%)
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Global Fit to indirect and direct constraints on SUSY!
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Total x*/d.of. AN
pvalues |

ant Ax* Ax* Ax*
(cMssM) | (vuHMY) (*SM7)
0.90 0.05 0.06 -
. 0.004
0.6 .
. 0.047 0.14
2. 2.57 2.54
05 1.08 1.08
. 0.60 081
. 0.13 0.07
.2 0.29 027
ooz | oo 0,002
i 737 6.63
; S UK
. 0.36 0.35
. 0.005 0.005
0.0021 3.16 3.08 3.51
0.0012 0.63 0.64 0.59
= 0.010susy 1.77 .00 708
5 K5 11.10 (N/A)
0.0
0.94
0.01
1.00
0.0
< 0.01
dgxr;TH 0.39 0.42 0.33
5 0.0 0.0 0.0
p = 0273y 0.02 0.02 0.01
p = 0133y <« 0.01 0.33 < 0.0
P+TH 027 0.37 033
+ 0.012susy | 84x10° 0.1 N/A
plane 0.13 0.13 N/A
plane 1.55 ‘2.'.5 N.I"\
8) plane 0.0 0.0 N/A
Al B I[2 7321 | 2.7/8 (21.5/8)
15% 16% 9% (49%)
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Dark Matter in Supersymmetry with MasterCode
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Other “global Fitters” with similar studies are:
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Compatibily
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Dark Matter Constraints

Fittino group: [see e.g. arXiv:1508.05951]

http://flcwiki.desy.de/Fittino

Gambit group: [see e.g. arXiv:1705.07917]

https://gambit.hepforge.org

SuperBayeS: [see e.g. arXiv:1507.07008]

SUSY particles

Flavour
observables

Direct Detection

Source:
http://mastercode.web.cern.ch/mastercode/

MaS TEeRcope

Observable Source Construnt Ax* Ay Ax*
Th./Ex. (CMSSM) | (NUHM1) (*SM7)
e [GeV] I 1732 £ 0.00 0.05 0.06 B
Aal) (Mz) 12 0.02749 + 0.00010 0.009 0.004
ﬂ;ﬂ(}c\/ £ U1.1875 + 0.0001 T 110 " 036 .
Tz [GeV] 26 / 144 24952 + 0.0023 + 0.001susy 0.078 0.047 0.14
Ohng 05| 76 / 04 31500 + 0.087 750 757 754
Ry 26 / 143 20,767 + 0.025 1.05 1.08 1.08
Am(l) 26| / 194 001714 + 0.00005 0.72 U.60 U.81
AdP;) 26 / 144 0.1465 + 0.0032 0.11 0.13 0.07
Re 76l /144 031620 + 0.00065 035 739 037
R 76| / 144 01721 £ D.O0S0 oo | oo 0002
Agp,(b) 20| /44 0.0992 + 0.0016 7.17 7.7 6.63
Am(c) 26! /7 144 U707 + 00035 RS RS 080
As 26 / 14 0,923 £ 0.020 0.36 0.36 0.35
AL 76! / 144 0670 £ U007 0005 0005 0005
A¢(SLD) 26 / 144 0.1513 + 0.0021 3.16 3.08 3.51
sin- e (Ors) 261 / 144 0.2324 + 0.0012 0.63 0.64 0.59
My [CeV) 26| / 194 B0.500 + U003 + 0.010susy 177 1.30 708
e —a 5 / A254] | (S0.2% 88+ 20susy) x 10 15 137 1110 (N/A)
M, [GeV] 2 [ 55,56 > 114451 5eusv] 0.0 0.0 0.0
BRy |35 / [ 1.117 + 0.076gx p 1.83 1.09 0.94
+0.0825y + 0.0505y5y
(B, 5 p'p) 29] 7 A1 CMS & LHCh 0.04 0.44 0.01
BR:{}:,’?“ 29 / A6 1.43 + 0.43sxpsTH 1.43 1.59 1.00
SR(Byg > p"p™) 290/ ab: < 4.6[+0.01gysy] = 1077 0.0 0.0 0.0
BRE T a7)/ |4b) 0.09 + 0.32 0.02 < 0.01 < 0.01
BRx i [29] / 3% 1.008 + 0.014gxp s 0.39 0.42 0.33
BR".‘“%, 19/ |50] <45 0.0 0.0 0.0
AME 19| / BLEY 0.97 + 0.01gxp = 0.273m 0.02 0.02 0.01
AN T ) - ;
it [29) / @BUSIL52 1.00 + 0.01gxp + 0.135u < 0.01 033 < 0.01
Acy o0 19 / 5152 1.08 + 0.14gxpsh 0.27 0.37 0.33
Qcpuh® B11 / 113 0.1120 + 0.0056 + 0.012sy5y 84x10~* 0.1 N/A
o ] Ty, on) plane I8 E] 013 N/A
w% ™ PTane — ZFT
H/AH* 21 (M4, tan 8) plane 0.0 0.0 N/A
Total x°/d.of. Al All Ta D | a0 | BB 2is D) |
p-values 15% 16% 9% (49%)
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MasterCode: The two worlds of SUSY models

‘Soft scale’  (MNNNNNNNE) GUTscale’  mastehos

pMSSM10

M 500 I I I I T T T T T T T T T CMSSM
1 < — M T May, May, mo, My/2,
M27 o — M, — my, m,, My,
. 2000 My g m | Ao, tanp
— Ly % arXiv:1312.5250
o)
N ©
77zQ127 e Plllfihn1
S | 2 2
Mg, = 1500} my, = My,
Q arXiv:1312.5250
my ®))
R~
A, < 1000} 2 - NUHM2
o V ' ]
Ma, & IS my, 7 My,
> —— \ arXiv:1408.4060
tan 8 @ soof l !
7 - ’ SU5
[ 2 RGE running o
_ = 4{‘5-------- mo — My5, M0
arXiv:1504.03260 8
| arXiv:1610.10084

0 1 1 1 1 1 1 1 1 1 1 1 1
MSSM11 103 10* 10° 10° 107 10® 10° 10%° 10'! 10%2 102 10%* 10%° 10“”'1}017
P - energy scale [GeV] AMSB
mp— my My, SUSY breaking scale GUT scale mo, M3 /2, tan3
In preparation arXiv:1612.05210 9
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pMSSM11: Status LHC RUN 1 (pre-LHC 13 TeV)

D stau coann. . )?f coann. slep coann
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10738
10740+ \
1042}
E
ks 10-44}
Ebg
10746 L
—48]
10750 L L ' L
10° 10t 102 10 10*
m X{])[GGV]

gluino coann.

squark coann.

DM mechanisms:

To satisfy cosmological DM density constraint
requires, in general, specific relations between
sparticle masses that suppress the relic density via
coannihilation effects and/or rapid annihilations
through direct channel resonances.

Define indicative measures to highlight different
DM mechanisms in the preferred regions of the fit:

M: 1) _ 15 Stau M Slepton
Mo coannihilation —1] <0.15  go-annihilation

thlJ
M+ . M i
X 1) <95 Chargino g _ 1) <095 Glumo_ o
Mg Co-annihilation \ "y} Co-annihilation

Hybrid regions:
In addition to the “primary'
regions where only one of the
conditions is satisfied, there

Mi 1) <020 Squark
Co-annihilation

Ms ol - o4 B=h,ZorHA can also be "hybrid' regions
Mg funnel where more than one
condition is satisfied. If
1l < 030 Higgsino enriched pres_ent, thesg are indicated
M0 ’ “focus-point” like using combined colours.

See also arXiv:1508.01173 for further details

10



[gff/] Simplified SUSY summary plots
See also PDG reviews

1500 OB & Paul De Jong

http://pdg.Ibl.gov/2012/reviews/rpp2012-rev-susy-2-experiment.pdf
http://pdg.Ibl.gov/2013/reviews/rpp2013-rev-susy-2-experiment.pdf
http://pdg.Ibl.gov/2015/reviews/rpp2015-rev-susy-2-experiment.pdf
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M sp Direct squark
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My sp Direct squark Gluino mediated
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My sp Direct squark Gluino mediated

GeV - m = m;
[GeV] A msusy =mg LHC RUN 2 . iqu};O g
1500 j— qy) — -
CqMS S?J)é 11 6035 (13 TeV) ATLAS-CONF-2017-022
P Rt June 2017 §—bbyY — =
L X CMS-SUS-16-033
CMS-SUS-16-033 =
1250 b—by) — - \ It ==
ATLAS-CONF
ATLAS-CONF-2017-038 R V' 017001
t—tx3, wox? [] - v
CMS-SUS-16-049 . —a ]
1000 O~ BR=100%
-t all limits are
PR 7 e, ‘ observed nominal
95% CLs limits
7 XY \ RPconserved

/ Direct | | RUN1
X1 /X2 I \
—— MSUSY = My, 5 \ |
W 2) TS Ny
CMS-SUS-16- L
34/39/48 || \
250 oS H) i\ 1 1
CMS-SUS-16-39/43 : I 1 m
o0/ — SUSY
X1 x2(l) == |
C}VIS-QSUS-16-39 ’ ‘[GeV]

500 1000 1500 2000 16



M_sp

[GeV]

1500

1250

1000

750

500

250

Direct squark Gluino mediated
— m, -~ msusy = Mg
msusy = Mg LHC RUN 2 7 4’ g
~ 0 1 —-— —
7 axa (13 TeV) ATLAS-CONF-2017-022
S S5 0% June 2017 G- bby® — =
UL = X CMS-SUS-16-033
CMS-SUS-16-033 -—=
b 9 — \ 97Xy ==
b= bx ATLAS-CONF
ATLAS-CONF-2017-038 R V' 017001
-t wad [] \ \
CMS-SUS-16-049 \ \ BR_100%.
= (o)
‘ all limits are
\ observed nominal
\ 95% CLs limits
| ‘ \ RP conserved

1 \)

-~ \\ ~8Tev
Direct x; x; | 1} RUN

msusy =m,x "\
js 2 _—
F 2\ g (ww) 1]
-1 [ ] I |
**ATLAS: 1 \
arXiv:1403.5294 |I
) |
-39/43 ,
- I Msusy
) CMS8US 16-39 ! \[GeV]

500 1000 1500 2000 17



M_sp

Direct squark Direct stop in “gap”

Gluino mediated
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PMSSM11: RUN1 vs 13 TeV (2015 + 2016)

.| stau coann. B Xi coann.

* —— —— pMSSM11 w/o LHC13: best fit, 1o, 20
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PMSSM11: RUN1 vs 13 TeV (2015 + 2016)

.| stau coann. B Xi coann.

* —— —— pMSSM11 w/o LHC13: best fit, 1o, 20
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Gluino vs Squark: LHC RUN 1 I
| stau coann. ] X1 coann. slep coann .~ gluino coann. | squark coann.
* pMSSM11 w/o LHC13 : best fit, 1o, 20
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Gluino vs Squark: LHC RUN 2 (2015 + 2016 data)
| stau coann. ] X1 coann. slep coann gluino coann. squark coann.
* pMSSM11 w LHC13 : best fit, 10, 20
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pMSSM11: og vs mg,,

.| stau coann. B X coann. slep coann
% —— —— pMSSMI11 w/o LHC13 : best fit, 1o, 20
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pMSSM11: og vs mg,,
.| stau coann. ] X1 coann. slep coann gluino coann. squark coann.
* —— —— pMSSMI1l w/o LHCI13 : best fit, 1o, 20 * —— —— pMSSMI11w LHC13: best fit, 1o, 20
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Clear complementarity of collider and DD constraints:

» Collider covers regions not easily or not at all accessible to DD experiments
(i.e. low mp,, and also very small ag,)

» On the other hand, DD experiments push strongly the preferred region to lower

Og, (and will continue to do so in the future)
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Characterisation of Dark Matter searches at colliders

Simplicity vs. Complexity
Finding the right balance is a challenge!

&

q &DM
V, A(Mmed)

q x(my)
Simplified Models UV-complete Models
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Characterisation of Dark Matter searches at colliders

Simplicity vs. Complexity
Finding the right balance is a challenge!

N
Main part of of this is covered in Caterina’s talk
q 4 x(my)
q g X
\/@“““‘é< D LT
7 X q x(my)
EFTs Simplified Models UV-complete Models
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SIMPLIFIED MODELS AND LONG-
LIVED PARTICLE SIGNATURES AT
THE LHC

Based on:
Simplified Models for Displaced Dark Matter Signatures
Oliver Buchmueller, Albert De Roeck, Matthew McCullough,
Kristian Hahn, Kevin Sung, Pedro Schwaller, Tien-Tien Yu
arXiv:170406515
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WANTED:
Systematic programme for displaced vertex searches

(a) X1 (b) X1
o—X —=3IX
X2 . X2 szl./ X2
Xf}(/. X1"/4
X
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WANTED:
Systematic programme for displaced vertex searches

Production through simplified models: DM or SUSY

Example: simplified DM Example: simplified SUSY
p q
= X
,g' X2 X1
AL X2 X1
1 X
D q
Advantage:

Can revert to a large and well understood
portfolio of simplified models that are
already in use by the experiments!

http://feynrules.irmp.ucl.ac.be/wiki/DMsimp
https:/github.com/ksung25/DisplacedDM 31



ImegriaI College
WANTED:
Systematic programme for displaced vertex searches

(b) X1

(a)
2\
"‘ B

|

)

I
I
|
I

For this paper we have focused on neutral X, states but general
concept can be extended easily to others
ALy~

AL,
Xf}(/ X1* \J
X

Production through simplified models: DM or SUSY
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Experimental Signhature

(a) X1 (b) )Aél
o—X ﬂ’;»"}X
X9 @ X2 X2. X2
Xf}(/ X1"/4
X
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Experimental Signhature
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Experimental Signhature
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Experimental Signhature

X2,$ ‘X2 Categorize by » X2

» Operator DJ
. final sta
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Example Operators

final state X Op Og

v/ A X20 X1 FH L (B 020y by ) FH
Z A X0 X1 ZH Az (Ou 2By 1) ZHY
h Xox1h Apagrh
Jj XX 1 Tr(G* G| | Rrd201 Tr[GH G|
L FzllXax1 xbacll
bb ATbbXax1 § $201bb
tt L ttax 1 dadtt

*can also have diboson final states
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Light Mediator

X1
X2 /
> <
\\ ¢D
X
X
final state Opm + Osm i
—g12Z,X:7" X2 — 99 Z,, M1
B —912Z, X1V V5 X2 — 9aZy " sl
Irf —g120X1 X2 — GqPll

—ig129X17° X2 — 9qply°l
—(g1l™ X1l + g2l" X5l + h.c.)

39



Imperial College
London

Parameters

Simplified DM Models

Variables|| DM candidate || Interaction
oy Dirac Vector
mi Majorana Axial-Vector
Jx Scalar-real Scalar
9o Scalar-complex || Pseudoscalar

Extension Displaced Signature
T , M2 Decay of xyo — x1 X

or m2 — ml

DM simplified
models program

proposed
extension
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Minimal Set of Final States to cover Experimentally

Er plus displaced X system
dMETs || dMET;; | dMET,., dMET,,+, dMET . - dMET,
X jet-pair e-pair p-pair T-pair ¥

Table 4. Minimal set of dMETSs searches for neutral displaced SM particles. To facilitate the trigger acceptance
for these topologies, especially for soft X systems, the dMETs can be combined with an ISR signature, such

as an additional hard jet or hard «. A list of basic operators that would give rise to such topologies is shown
in Table 2.
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Minimal Set of Final States to cover Experimentally

Er plus displaced X system

dMETs || dMET;;

dMET,.,

dMET,, ,,

dMET_{.

dMET,

X jet-pair

Table 4. Minimal set of dAMETSs searches for neutral displaced SM particles. To facilitate th

e-pair

p-pair

r acceptance

for these topologies, especially for soft X systems, the dMETs can be combined with an ISR signature, such
as an additional hard jet or hard «. A list of basic operators that would give rise to such topologies is shown

in Table 2.

dMETYy: displaced gamma with MET is the only of these signature that is currently

covered with a dedicated analysis by experiments.
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Simulation in a nutshell
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Simulation

1) Chose simplified Model for production

p /
q < Xo
\5\ ~
q \ XO
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Simulation in a nutshell

1) Chose simplified Model for production

/“’
\A ~
q

2) Chose ansatz to add long-lived particle and decay:

final state X Or Os X1
v %Yza,w)aF’“’ $(¢23u3u¢1)F“" X2 s
Z AX20uwX1Z" | 35($20.0,¢1) 2"
h Xoxih Aadnh \ @D
Jj XISYQXI'_I\I’[GMVGW] X17¢2¢1’IY[Gquw] '
u azllxaxa T o211l D%
bb Elgl_)b%)a %¢2¢1§b
tt Ftt22xl K¢2¢1tt X

EFT like decay Resolved (light) mediator
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Simulation in a nutshell

1) Chose simplified Model for production 3) Simulate full chain
p q p q

T/N _ X
d X0 q

_am A X2 X1

2) Chose ansatz to add long-lived particle and decay:

final state X Or Os X1
v §Xe0u X1 E* 5 (620,0,01) F* X2 4
Z AX2Ouwx1Z" | 37(920,00¢1) 2"
h X2X1h Ag2p1h ‘. ¢D
3_.7 XISYQXITI’[GMUGW] X12¢2¢1’IY[G1WGW] '
u azllxaxa T o211l D%
bb Elgl_)b%)a %¢2¢1l_>b
tt Az ttXa X1 A P201tt X

EFT like decay Resolved (light) mediator 46
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Example: EFT like decay for X, >y X,
EFT v
q B a
7y _
i} B G
q
g
L ! h-13 1 T T
F(X))l_l() ) [GeV] F(0)=1x 10~ GeV my [GeV]
—2 my, = 1GeV :gg
—os —»
-1 —06 1 _—
S S—— R 1
=5 =
=]
107%F —& 1072
my =50 GeV
s my,=1GeV s
_ | - ! I
17 10! 10 10 10! 10 10°
dxy [mm] pr(xix1) [GeV]
Figure 10. Left: the transverse impact parameter of xi7y vertices for a range of y widths. Right: the

transverse momentum of the DM system (pT(x1x1)) for various x masses. Other parameters in the GMSB
model are fixed as per the panel headings. The distributions in both panels are unit-normalised.
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Example: Resolved decay for X, -> Y, X, => ff X,
q X1
X <?
2 -—
Y, Yo f
YO <f
f
X1
1 1, : .
m(Yy)=1TeV : gi %107
my,=1GeV — 40
my,= 100 GeV 1 ——20
m(Yp) =20 GeV L :21;0
- 10! 10-15— %
i
' s
—| b 10_25_ ; : 10_2:_ i
i ] m(¥1) = 1 TeV
[ myy=10 GeV
| m(Yp) =my,=1GeV
10-3 , n L. ﬂ.r” =1 thn.nn. o -3 |
30 40 50 60 107 10! 10
dxy [mm]

m(ff) [GeV]

48



Imperial College
London

How to calculate the relic for these models?

For the standard simplified models we calculate the relic - would like
to do the same for the those with LL particles involved.

DM Simplified Model Exclusions ATLAS Preliminary July 2017
= 1.2 = T 7 R AR — T — Dljet
et 0 / J/ @ 7 ] 1
i - e e _ Vs =13TeV,37.0 fb"
n N / / \sbq’ w7, ] arXiv:1703.09127 hep-ex]
% 1 | / Ve \'0\'. ’ S/ ] .
s / s Gb{b 57 — Dijet 8 TeV
s i / > ke K7 ] Vs=8TeV,203fb"
) / L %q," Q}éf 7 Phys. Rev. D. 91 052007 (2015)
- o 2l BN i "
08 | & i -~ Dijet TLA
i = / . ; T \s=13TeV,3.4 1"
B S SHEHE . ’ § ATLAS-CONF-2016-030
06 | - B — — Dijet + ISR
i o 7 Vs=13TeV, 155"
B @ 7 ATLAS-CONF-2016-070
i <0 § | —— —miss
0.4 L fiss I a ] ET +Y
i ] 1 ] Vs=13TeV, 36.1 fb"
B , 7 . Eur. Phys. J. C 77 (2017) 393
i :% Z4EFE . . . | — miss |
02 ETS y Axial-vector mediator, Dirac DM "E_T +et 1
" _ _ _ 7] s=13TeV, 36.1 fb
- gq =0.25, g| =0, gD =1 - ATLAS-CONF-2017-060
-‘ Al limits at 95% CL 1 i Cies
P B B PI MR TR | M R ET +Z
0 1 1.5 2 2.5 3 Vs=13TeV, 36.1 fb"

ATLAS-CONF-2017-040

Mediator Mass [TeV]
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1. Add the new particle content to the original DM simplified model.

For an EFT decay model, this is simply the new, stable DM particle xi.

For the simplified decay model the mediating particle must also be included.
2.Add new interactions to the original model.

These can either be single-parameter EFT operators, or interaction terms involving
a mediator.

3.Configure the relevant particle masses and couplings in the MG5 aMC@NLO
param card.dat to achieve displaced decays.

4.Generate the pp — XX in process MGS aMC@NLO, which will result in an LHE
file that contains the necessary width information in the SLHA header.

5.Pass the resulting LHE to Pythia, which will perform the x — x1X decay using
the SLHA information.

More details are provided in arXiv:1704.06515
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