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overage of prompt signatures

Selected CMS SUSY Results* - SMS Interpretation
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Coverage of prompt signatures

ATLAS Exotics Searches™* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 [£ dt = (3.2~ 37.0) fo! V5 =8,13 TeV
Model (,y Jetsi ET™ [rdt[fb] Limit Reference
Ll LENLELI l L) L] L] L] T LI I ) l T T T T Ll LIS l L] L] Ll Ll

ADD Ggki + g/q Oe,u 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n - 3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 Mtn 89TeV n=6 1703.09217
ADD BH high ¥ pr >lepu > 2] - 3.2 My, 8.2 TeV n— 6, Mp — 3 TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 Mtn 9.55TeV n=6, M, =3TeV,rotBH 1512.02586
RS1 Gkk — yy 2y - - 36.7 | Gkk mass 4.1 TeV kiMp = 0.1 CERN-EP-2017-132
Bulk RS Gk — WW — qqlv 1epu 1J Yes 36.1 Gkk mass 1.75 TeV kiMg = 1.0 ATLAS-CONF-2017-051
2UED / RPP lepu 22b 23 Yes 132 | KKmass 1.6 TeV Tier (1,1), B(AM) — tt) =1 ATLAS-CONF-2016-104
SSM Z" — {f 2e,pu - - 36.1 Z' mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z" - 1t 271 - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
Leptophobic Z’ — tt 1epu 21b, 21J2) Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
SSM W’ — (v 1epu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — qqqqg modelB O e, u 2J - 36.7 V' mass 3.5 TeV gy =3 CERN-EP-2017-147
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gy 3 ATLAS-CONF-2017-055
LRSM Wy, — tb 1epu 2b,0-1j Yes 20.3 1410.4103
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217
Clltqq 2e,p - - 36.1 A 40.1 TeV ATLAS-CONF-2017-027
Cl uutt 2(SS)z8epz1b 21 Yes 203 | eTE Crl - 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,pt 1-4j Yes 36.1 Mmed 1.5 TeV £,=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
Vector mediator (Dirac DM) Oe,u, 1y <1j Yes 36.1 Mied 1.2 TeV £4=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oe,p 1J,€1]  Yes 3.2 M. 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1° gen 2e >2j - 3.2 LQ mass 1.1 TeV =1 1605.06035
Scalar LQ 2" gen 2pu > 2] - 3.2 LQ mass 1.05 TeV A=1 1605.06035
Scalar LQ 3 gen tep 21b 23] Yes 203 [IOFEScsacew p=0 1508.04735
VLQTT — Ht + X Oorieu >2b,>23j Yes 13.2 T mass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
VLQTT —» Zt+ X lep =21b 23] Yes 36.1 T mass 1.16 TeV B(T — Zt) -1 1705.10751
VLQTT - Wb + X 1eu =1b >1J/2] Yes 36.1 T mass 1.35 TeV B(T — Wb) =1 CERN-EP-2017-094
VLQ BB — Hb+ X leu =22b =23 Yes 20.3 B(B — Hb) — 1 1505.04306
VLQ BB — Zb+ X 2/>3e,u  22/21b - 20.3 B(B— Zb)=1 1409.5500
VLQ BB - Wt+ X 1epu =1b, =1J/2) Yes 36.1 B mass 1.25 TeV B(B— Wt) 1 CERN-EP-2017-094
VLQ QQ — WgWg 1eu >4 Yes 20.3 1509.04261
Excited quark g* — qg - 2j - 37.0 6.0 TeV only u” and d’, A = m(q*) 1703.09127
Excited quark g* — gy 1y 1j - 36.7 5.3 TeV only v* andd*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b 1] - 13.3 ATLAS-CONF-2016-060
Excited quark b* — Wt lor2e,u 1b,20] Yes 20.3 fe—fi—fr—1 1510.02664
Excited lepton {* Sepu - - 20.3 A=3.0TeV 1411.2921
Excited lepton »" Sepurt - - 20.3 A 1.6TeV 1411.2921
LRSM Majorana v 2eu 2j - 20.3 m(Wpg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H=* — (¢ 2,34 e,u(SS) - - 36.1 H** mass DY production ATLAS-CONF-2017-053
Higgs triplet H=* — (T Beut - - 20.3 DY production, B(H,'" — fr) =1 1411.2921
Monotop (non-res prod) lepu 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radius (large-radius) jets are denoted by the letter j (J).
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Prompt objects
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Prompt objects
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Models predicting long lived particles

SUSY (i.e. Winos, Higgsinos)
Dark Matter Coannihilation with scalars

Dark Photon

Higgs Portal

Freeze-in

Naturalness Hidden valleys
GMSB SUSY

RPV SUSY

Neutrino Masses Sterile Neutrinos
. L-R models (Z' & W's)
Flavour Anomalies



Charged track searches

12.9 fb (13 TeV)
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Disappearing track searches
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Displaced Vertices

g production, B(g — qq z‘j)=1 00%
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Traditional searches fail for LLPs

RPC-RPV Combination: g—>qu (—>qqq)/ g—qqq, m(x ) =200 GeV, bino-like % x

~ 3000 — T — T
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“Unexpected” cuts may restrict what we choose to see

ATLAS-CONF-2018-003

Looking at the simplest jets + MET search:

Selection GeV RPC 7=100ns 7=10ns 7=1ns 7=0.1ns 7=0.01ns
DxAOD skimming 94.0 82.0 86.0 75.0 77.0 78.0
Jet/E,’I?iSS cleaning 98.9 93.9 76.7 96.0 100.0 100.0
Cosmic muon cut 98.9 08.7 97.0 93.1 77.9 78.2
Lepton veto 58.7 53.9 54.7 47.8 43.3 39.3
Niets > 4 08.1 97.6 97.1 100.0 100.0 100.0
pf}liss’tm:k > 30 GeV 71.7 75.0 85.3 90.6 88.5 87.5
Np_jer = 1 92.1 90.0 93.1 89.7 100.0 100.0
ET™ > 250 GeV 60.0 59.3 44 .4 15.4 12.6 10.5
Ao (p?iss, p?rliss’tmd{) |< 1/37  95.2 93.8 91.7 72.5 72.4 63.6
A¢ (jet” 2, piss)| > 0.4 95.0 93.3 85.5 65.5 71.4 71.4
772?%1,-{:1.2 > 120 GeV 73.7 78.6 75.5 78.9 86.7 90.0

10



“Unexpected” cuts may restrict what we choose to see

ATLAS-CONF-2018-003

Looking at the simplest jets + MET search:

Selection GeV RPC 7=100ns 7=10ns 7=1ns 7=0.1ns 7=0.01ns
DxAOD skimming 94.0 82.0 86.0 75.0 77.0 78.0
Jet/EEI’?iSS cleaning 98.9 93.9 76.7 96.0 100.0 100.0
Cosmic muon cut 98.9 098.7 97.0 93.1 77.9 78.2
Lepton veto 58.7 53.9 04.7 47.8 43.3 §® 39.3
Niets > 4 98.1 97.6 97.1 100.0 100.0 %\ 100.0
pf}liss’trmk > 30 GeV 71.7 75.0 85.3 90.6 88.5 \ 87.5
Np_jer = 1 92.1 90.0 93.1 89.7 100.0 1100.0
ET™ > 250 GeV 60.0 59.3 44 .4 15.4 12.6 $10.5
Ao (p%iss, p?iss’tr“k> |< 1/37  95.2 93.8 91.7 72.5 72.4 63.6
A¢ (jet” 2, piss)| > 0.4 95.0 93.3 85.5 65.5 71.4 $71.4
m?et.R:LQ > 120 GeV 73.7 78.6 75.5 78.9 86.7 £ 90.0

Already approx. §0% loss before MET cuts

10




“Unexpected” cuts may restrict what we choose to see

Looking at the simplest jets + MET search:

ATLAS-CONF-2018-003

Selection GeV RPC 7=100ns 7=10ns 7=1ns 7=0.1ns 7=0.01ns
DxAOD skimming 94.0 82.0 86.0 75.0 77.0 78.0
Jet/EEII}iSS cleaning 98.9 93.9 76.7 96.0 100.0 100.0
Cosmic muon cut 98.9 08.7 97.0 93.1 77.9 78.2
Lepton veto 58.7 53.9 54.7 47.8 43.3 3N 39.3
Niets > 4 08.1 97.6 97.1 100.0 100.0 . 100.0
pf}liss’thk > 30 GeV 71.7 75.0 85.3 90.6 88.5 \ 37.5
Np_jer = 1 92.1 90.0 93.1 89.7 100.0 1100.0
ET™ > 250 GeV 60.0 59.3 44 .4 15.4 12.6 $10.5
Ao (p?isS p?iss’tm‘:k> |< 1/3m  95.2 93.8 91.7 72.5 72.4 63.6
A¢ (jet” 2, piss)| > 0.4 95.0 93.3 85.5 65.5 71.4 $71.4
73.7 78.6 75.5 78.9 86.7

m?etstl_Q > 120 GeV

£ 90.0

Already approx. §0% loss before MET cuts

Important to map all possible signatures to
avoid the same mistakes!

10




Next-to-minimal DM




Dark Matter makes up ~20% of our universe; an EW scale particle seems to be a
good fit

QOh* ~ 0.1 = (ov) ~1pb-c

= m, ~ O(10° — 10°) GeV; g ~ ggw

What are minimal EW possibilities?

Cirelli et al; arXiv:hep-ph/0512090 [ +
5 K
®SU(2) doublet fermion (a.k.a. Higgsino) = ~ 1.2 TeV =y |
®SU(2) triplet fermion (a.k.a Wino) = 2.7 TeV % i
®SU(2) 5-plet fermion (MDM) = ~10 TeV
®SU(2) 7-plet scalar (MDM) = ~10 TeV e — —

100 TeV collider?

12

Collider




What about next-to-minimal scenarios?

* One SU(2) x U(1) singlet y + one SU(2) N-plet v

® 7, stabilises the lightest state

1 1
['DM — inﬁuDMD +1 XTEMQLLX T <§M¢¢ T ZMXX T hC) =+ Lquartic + £mix

2
Lauartic = 5 Aqﬁqux + ——chqbw % Strong Limits from DD
N=3
A v
Loix = 2870 $x + he —b fa (ﬁA_ jm

vt

Lmix = 5 Clyp 0050 dp*x + he. —F 0= \/; AS(M —m)

13



Collider searches: Quintuplet model

s

X ++ +,+
om / X * %f . 0
M—m{ I X = XIW* = lvxg
X5 — X1h" — bbx)

Large lifetime for the doubly charged partner

100,

Charged brack searches — o2 | oa 06 08 w

om [GeV]
\

‘ﬁis!wim:ed L@.p&cm search From 1-—-1.0059 O-V\i.v
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Direct Detection constraints

30 ‘ ‘
B LUXexcluded
XenonlT prospect
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525 5N
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Triplet

20

k=0.0
Qh?=0.1199 + 0. 0022

15¢
100 GeV <m,p <250 GeV
Qh2%2=0.1199 + 0. 0022

0.10 0.15
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1(9.00

000 005 010 015 020 025 030 035 0.40
0

* Look at parameters that gives right relic density

LHC because production is primarily Drell-Yan!

15

0.05

* Low mixing angle gives low DD cross section; however, not a problem at the

Brimmer et al; arXiv:1703.00370

Brimmer, Bharucha, Desai; arXiv:1804.02357



Prompt search limits: SUSY searches

May 2017 ATLAS Preliminary {s=8,13 TeV, 20.3-36.1 fb™
;‘ _I B | I 1 | 11 | 1T | I 11 | 11 I T 11 | T 11 | T | 1T 1 I_
[0) —  XiX; —— via WW  2I, arXiv:1403.5294 - - - . Expected limits -
B 300 —— Observed limits —
— B X;xo — via WZ  21+3], 8 TeV, arXiv:1403.5294 i
-2 - —— via WZ 2143l, 13 TeV, ATLAS-CONF-2017-039  All limits at 95% CL _
jf 250‘_ via Wh Ibb+lyy+IFF+3l, arXiv:1501.07110 N
L .
| N &/\, —
200 — ° 3 / ]
. 150 —
Limit on - ]
Chargine — ]
) 100 —]
me’ B _
Produt&iom Rl B \ :
50 '
v La | I | | | I | . m | I L 111 'I L 181 1 | | I | | | l‘ | | ||

00 150 200 250 300 0 400 450 5000 550 600
m(%., X )[GeV]

LHC Limit on WH final state; not stronger than displaced leptons
16



Other limits: charged track searches

- 12.9 fb" (13 TeV)
'8_ 10 ?CMS Tracker + TOF=
ot - ‘Prelimina a
@ = 's: -
- 5 Theoretical Prediction —— gluino; 50% gg 7
S 1E —— gluino (NLO+NLL) —«— gluino; 10% gg =
f= SR stop (NLO+NLL)  —=— stop =
— - REREEE stau, dir. prod. (NLO) —e— stau; dir. prod. m
Cl) » B stau (NLO) —e— stau l
\010 = L L |Ql=1e (LO) —o— Q| = 1€ =
_ o) 1, PR — =2e (L . . =2 E
'Dou,bi.j ctkm“ged g R 'Q'ﬁ, ¢ (o) Q) = 2 N
\ o A, <
107 E

1 0—4 | l 1 b | | | | | 1 |

1000 2000

Mass (GeV)

Rule out long-lived region ie. when mass difference is smaller than
pLon mass



The CMS displaced lepton search

- 100 000

1000

CR III SR II

200

e ldol [um]
500 .
T T

100

0 100 200 500

1000
u ldol [pum]

arXiv:1409.4/89

- 100 000

Validation
Lifetime 1 mm 10 mm 100 mm
SR1 34.4 (30 £ 5) 28.3 (35 £ 7) 4.83 (4 + 1)
SR2 8.76 (6.5 £ 1) 24.6 (30 £ 5) 5.73 (b £ 1)
SR3 1.69 (1.3 £ 0.3) | 53.6 (51 + 10) | 24.6 (26 + 5)
1000 |
i SR1 —
SR2 —
i SR3
100 ¢ 5
' SR1 limit |
; i ]
S 10 ¢ 5
Y ! SR2 limit |
oC
ah)]
> B
s 1 |
i SR3 limit |
0.1 ¢ -
0.01 ' Y Lw '
100 150 200 250 300 350
M. ++
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Combination of displaced lepton and charged tracks

0.6

0.5
170
0.4 160

4 50

om [GeV]

440

1 30

0.2 20

10

0.1
50 100 150 200 250 300 350 400 450 500
M¢++ [GGV]

19 Briummer, Bharucha, Desai; arXiv:1804.02357



Limits on mixing angle

10—4 | | | | | | | _ 45

Bl 1L.UX excluded
XenonlT prospect

- N Allowed

K0 A<1TeV

Quintuplet 20
Allowed |

10_5 35¢
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425
1079
20
15
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10~7 _ Qh? =0.1199 £ 0. 0022
100 150 200 250 $300 350 400 450 500 b T
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Provides a complementary lower Limit on mixing

20
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Stau Co-annihilation



m, (GeV)

Stau Co-annihilation strip

Compresseci
__ stau and
neutraline
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Loglifetime[s]

Lifetime of the stau

SN SUUSN S (N SO S | _
_20-_ _______ \ ___________________ I _.I _____ L.\._ ______ —E

Long-lived; charged tracks

23

Combination of
stable and
disappearing kracks

di-tauw, MET
wWOoTkS



Not enough missing energy!

Requirement

Signal Region

2jW 33

160

130

60
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Ap(jet; s, E%liss)min >

W candidates

EXSS Imeg (N;) >
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4000 "Lt
— ¢ Q..o:
> o
S 3000 . -
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2000 1
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200 600 1000 1400 1800
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95% CL limit on ¢ (pb)

-
-
N

LU ALLL

—
o

LR LLL

Long-lived charged tracks
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specialised to take time of flight
Into account

Fraction of staus that are stable on
the detector scale decreases with
increasing mass difference

Run | limit on fully stable staus is
~550 GeV; since not all our staus

exit the detector, we get a limit
~300 GeV.



combining multiple searches

’ CHE PP | stau-coannihilation strip
’ A I
4 2t |2 IS ]
i 1 % ol
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O ‘ ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ]
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disappearing track limit . .
PP & dir. + indirect charge track limit

direct charge track limit
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CMSSM Stau co-annihilation is (probably) dead
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Coannihilation region not fully probed at 8 TeV; we await 13 TeV data results in this
Winter to discover (or excludel) the final part of the co-annihilation strip
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Filling the gaps in DM searches

DM + s-channel mediator Dilepton, dijet, mono-jet,
displaced vertices

DM + t-channel mediator “squark” & “slepton” searches,

(disappearing) charged tracks,
displaced leptons

SU(2) n-plets jets+MET, di-lepton+MET searches,
mono-jet, mono-photon,

(disappearing) charged tracks,
displaced leptons

ALPs Di-gamma,
non-pointing photons

Sterile Neutrinos, leptons+MET, Z/higgs+MET
Heavy Neutral leptons displaced vertices, displaced leptons
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Displaced Vertices in NMSSM



NMSSM: Long Lived Neutral Particles

* Supersymmetry with extra singlino &
gauge mediation

Predicts 125 GeV higgs mass

Doesn’t violate low-scale observables

Predicts high masses of strongly charged
SUSY partners

Same as
standard SUSY

New decay * Predicts a pseudo-scalar boson of mass
~ 30 GeV; all chains end in producing
this boson

e This boson has a lifetime ~ 1 mm (due
to boost, decays after traveling ~100
mm in the detector)

Questions:

1. Can ordinary SUSY searches find this scenario?

2. What are the effects of the extra pseudo scalar
30



Mass / GeV

Spectrum of model
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Mass / GeV

Spectrum of model
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Spectrum of model

2400 Na&umtiv Frac&ic:&s
gr. 7 h.@.avv strong sector
2 )
2000 |- @R = by ..
9 to get the right
higqgs mass
1600 - /
1200 |-
Y NY /A
800 a3 H*, - N ” CQi
T s o O
400 F A - N al
HY i Lightest neutraline not stable
H% = N_lO_.-E-L_’ G
0 Gr———— 4
mH? mHg mal mN1 mNQ mé'l m7-1 mg mﬂR mgl mfl mé

90 122.1 23 97.6 373 348 323 1966 2045 1992 1866 5 x 1078

31



Mass / GeV

Spectrum of model
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Recasting SUSY jets+MET search

90 production; g-» QqWX, , m(¥;)=(m(g)+m(z))2
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The displaced vertex search

DV jets 4 or 5 or 6 jets with |n| < 2.8 and
pr > 90, 65,55 GeV, each
DV reconstruction DV made from tracks with pr > 1 GeV,

In| < 2.5 and |dp| > 2 mm, satisfying a

tracking efficiency .
Vertices within 1 mm are merged

DV fiducial DV within 4 mm < rpy < 300 mm and
|ZDV| < 300 mm

YDV DV material No DV in regions near beampipe or
within pixel layers:
Discard tracks with rpy /mm €
< {[25, 38], [45, 60], [85, 95], [120, 130]}
5 do "\ Nk DV track multiplicity >5
mpv DV mass >10 GeV

Gauge Mediated RPV benchmari

benchmarlkes
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Finding the track efficiency

Allanach, Badziak, Cottin, Desai, Hugonie, Ziegler (2016)
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Tracking efficiency determined by fitting parameters of an empirical function
eirk = 0.5 X (1 — exp(—pr/[4.0 GeV])) Remove Low pr
x exp(—z/[270 mm]) Dependence o =z of DV

xmax(—0.0022 x ry /[1 mm] + 0.8, 0) Dep&mde%&e on radial distance of DV
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Dependence on DV mass and Ny

Allanach, Badziak, Cottin, Desai, Hugonie, Ziegler (2016)
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Our model fails to satisfy the DV cuts because of long lived

B-mesons in the final state.
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* B-mesons themselves give displaced vertices

(not enough tracks < Tmm)

* Small momentum transfer. This improves with heavier as.
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event efficiency

Modifying the displaced vertex criteria

Allanach, Badziak, Cottin, Desai, Hugonie, Ziegler (2016)
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I mm + 5 trk + 10 GeV inv. mass (ATLAS)
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It is possible to significantly improve
efficiency by relaxing cuts

Not easy to estimate background for
these changes

Our solution: combine prompt cuts
+ DV cuts & use prompt background
estimate as a conservative upper
limit

Reach can be 1.9 TeV with 100/tb

Much better sensitivity possible with
better estimate of background
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Updated DV analysis

—_ - $
2 2 ks
£ o
S 5 5
g o =
g ° o
5 3 £
(0] 3
S Z
>
107
raaal \ Lo a gl ! PR —g
10 10°
m (Truth vertex) [GeV]
1072
102 T N oo N oo N T N T 103 T oo T ooy T R | T LA | T T
split SUSY simplified model = ATLAS . o — ATLAS
J — qqx} == Recasted split SUSY simplified model = - Recasted
9 = 99Xz
mg = 1400 GeV 102} _
J mg = 2000 GeV
10tL myo = 100 GeV | mfzg —“100 GV

10ME

—_
jan)
o

100

upper limit on cross section [fb]
upper limit on cross section [fb]

10Z6 10z6
Lo o
2 1 £ 1
£ 10 S 10k
: il
1073 1073 1072 107! 10° 10 102
7 [ns] 7 [ns]

ATLAS, arXiv:1710.04901
Cottin, Desai, Heisig & Lessa; arXiv:1803.10379



Updated DV analysis
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Summary

* Long-lived particles predicted by many theories as a natural
consequence

e || P searches often have nearly zero background and can
provide a clean signature

e Co-annihilation partners in DM models are long-lived in certain
parameter space and can provide the first indications of signal

* Light long-lived scalars decay to b-quarks or taus and escape
current displaced vertex searches. Need to improve selection
criteria.

e Overall: traditional searches ignore objects not originating from
primary vertex; If we have a new theory with LLPs, it won't be
possible to go back and look for LLPs in LHC data if we
don’t know what data to store.



Some LLP limits

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 JL£dt=(184-203)fb! s5=8TeV
Model Signature  [Ldt[fb~'] Lifetime limi Reference
DAL ) L] L LI B L A ) L] Al ll'lll' T T llllll' T T lllllll T T L
RPV x? — eev/euv/uuv  displaced lepton pair ~ 20.3 | x3 m(g) =13 TeV, m(x}) = 1.0 TeV 1504.05162
GGM Y0 - Z& displaced vix + jets  20.3 | YIRS m(g) =11TeV, m(x3) =1.0TeV|  1504.05162
L AMSBppoxiliiyi  deappowingimck 203 | Hetme . ozaom (i) = 450 GV
(%)
B AVSBppoxixlxix;  lagepixeldEldx  18.4 [ x? lietime . 13190m m(x;) = 450 GeV 1506.05332
GMsB non-pointing or delayed y 20.3 | x{ lifetime - o00854m SPS8 with A = 200 TeV 1409.5542
Steath SUSY 2DMSverices 195 | ietme R () = 500GV | 150403604
Hidden Valley H — my, 2 low-EMF tracklessjets 203 | =, lifetime  04175Tm m(n,) = 25 GeV 1501.04020
S
Y, HiddenValleyH > mr,  21DMSvertices 195 | lfetime osiesam  m(n,) =25GeV 1504.03634
o
E FRVZ H = 2y + X 2 e-, -, n-jets 203 | valietime [0 RR H - 2yq + X, m(yg) = 400 MeV 1409.0746
I FRVZH-4y,+X 2 e-, u-, n-jets 203 | yalietime [ENEGGSE0RR H — &y + X, m(yg) = 400 MeV 1409.0746
3¢  Hidden Valley H — myr, 2 low-EMF tracklessjets  20.3 | m lifetime . 0&50m m(n,) = 25 GeV 1501.04020
wn
i
@ HiddenValey Homx,  2IDMSverices 195 |y lietime - o4318im m(ny) = 25 GeV 1504.03634
% FRVZ H = 4y4 + X 2 e, u-,m-jets 203 | valifetime 28160 mm H = 4y4+ X, m(y4) = 400 MeV 1409.0746
I
S Hidden Valley ® — 7, 2low-EMF trackless jets 20.3 | x, lifetime - 02979m oxBR = 1 pb, m(m,) = 50 GeV 1501.04020
A
88
S § Hidden Valley ® —» mr, 2 ID/MS vertices 195 | =, lifetime i oneesteim o <8R = 1 pb, m(m,) = 50 GeV 1504.03634
™
~ Hidden Valley @ — w7, 2 low-EMF trackless jets 20.3 ny lifetime oxBR = 1 pb, m(r,) = 50 GeV 1501.04020
§ g Hidden Valley ® —» mym,  2ID/MSvertices  19.5 | =, lifetime oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
- HV Z'(1 TeV) = quqy 2 ID/MS vertices 20.3 | =, lifetime oxBR = 1 pb, m(n,) = 50 GeV 1504.03634
£
(e} HV Z’(2 TeV) — q,qy 2 ID/MS vertices 20.3 x, lifetime oxBR = 1 pb, m(n,) = 50 GeV 1504.03634
llll' ' A Ll L 1 11 L 1 Ll L 1L 1l 1 1 LA L L Ll L 'l lllllll A 1 —
0.01 0.1 1 10

*Only a selection of the available lifetime limits on new states is shown.

ARE WE MISSING SOMETHING?
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