THEORY MOTIVATION
FOR EXOTIC SIGNATURES:
PROSPECTS AND WISHLIST

FOR RUN I

’ DANIEL STOLARSKI

LHCP August 31, 2015



LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2
LQ2(uj)+LQ2(vj)
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)

RS1(yy),
RS1(ee,uy),

)
RS1(j),
RS1(WW—4j), k=

CMS Prel%min1qry

SSM Z'(tT)

SSM Z'(jj

SSM Z'(bb

SSM Z'(ee)+Z'(up

SSM W'(WZ— vl
SSM W'(WZ—4j

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

o

Adn

E Leptoquarks

4 TeV j+MET, vector DM=100 GeV, A

RS Grow’rons

A A ;

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

q=3e HSCP

chargino, ctau>100ns, AMSB
neutralino, ctau=25cm, ECAL time

j+MET, axial-vector DM=100 GeV, A
j+MET, scalar DM=100 GeV, A\
y+MET, vector DM=100 GeV, A
y+MET, axial-vector DM=100 GeV, A
I+MET, &=+1, SI/SD DM=100 GeV, A
[+MET, &=-1, SI/SD DM=100 GeV, A
I+MET, €=0, SI/SD DM=100 GeV, A

3 4 TeV

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD (ee,pp), nED=4, MS
ADD (yy), nED=4, MS

ADD (jj), nED=4, MS

: QBH, nED=4, MD=4 TeV

NR BH, nED=4, MD=4 TeV
QBH (jj), nED=4, MD=4 TeV

Jet Extinction Scale
o 3 4 TeV String Scale (jj)

Excited
Fermions

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HhCM
single p, A HhCM
inclusive jets, A+
inclusive jets, A-

3 4 TeV

Multijet
Resonances

Long-Lived
Particles

2 3 4 TeV

Dark Matter

2 3 4 TeV

Large Exira
Dimensions

4 5 6 7 8 TeV

Compositeness

012345678 910111213141516171819 TeV

— Moriond, 2015



Aduli

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
| y <V} [Ldt=(4.7-203) b Vs =7, 8TeV
Model Ly Jets ET™ [Larim) Limit Reference

Ty r T—r—rrry v r —r—rrrrT v v —r
ADD Gux + 2/9 21| Yos 203 M 5.25 TV -
ADD non-resonant &£ 2e.p 203 M, 4.7 TeV o= 3HLZ
ADD Q8M - (g lep 1 203 Mo 8.2 7TeV n =g
g ADD Q8H 2j 203 Ma 582 TeV e
L ADD BH high N, 2u (SS) 203 M 4.7 TeV n = 6, Mp = 3 ToV, non et BH
ADD BH high 3 pr leu 221 203 Mo 5.8 TeV pn=06 M 3 ToV, nonsot B
g ADD BH high muitiet >2| 203 M. 5.8 TeV ne=6 M 3 TaV sonect BH
= RS Gux — & 2e.u 203 Gux mass 2,68 TeV kI M, 1
RS Gax = ¥y 2y 203 Gy mass 265 TeV kM =01
g Bulk RS Gy ~+ Z7 ~» gqil 2e. 2j/1 203 JGEomass 740 GeV T
Bulk RS G — WW — gofy 1e.u 2j/1J Yes 203 W maes 760 GeV Ma =10
Bulk RS Gy — HH — bbbb 4b 195 Gy Mmass 500-720 GaV kM, 0
Bullk RS guy = 22 teu 210 2102 Yos 203 Bax Mads 22TV 81 - 0.92%
2UED / RPP 2¢u(55) 210,21 Yes 203 KK mass 960 GeV
SSM 2" i 2e.u 203 Z' mass 2.9 TeV
w SSM 2' — 17 21 195 2" mass 2.02 TeV
§ SSM W'* ~ &y 1ep Yes 203 W 3.24 TV
B EGM W' -« WZ v (C Jeu Yes 03 W mass 152 TeV
EGM W' — WZ — qqlt 2e.u 211 203 W mass 1.58 TeV
§ EGM W' — WZ — 9o 2J 203 W mass 1.31.5Te¥
a s WH s tybb 1o 2b Yos 203 W mass 147 TaV ov~=1
-+ tb 1e.u 2001 Yes 203 W mass 192 TeV
+ b Oe.n > i1b 1 J 203 W mass 1.76 TeV
— 2] 173 A 120 TeV 1
o 2e.p 203 A 216 ToV
2eu(SS)210,21] Yes 203 IN 43 TeV Cul=1
= EFT DS operator (Dirac) De.u > 1 Yes 203 M, 974 GeV 90N CL wly) < 100 GoV 1502 01513
o EFT DS operator (Dirac) De.u 1J,€1]  Yes 203 M, 24Tev at 90% CL or a{y) < 100 GeV 1908 401
o Scalar LQ 17 gen 2e >2 203 LQ mass 1.05 TeV g1 Prefminary
= | Scsiar LQ 2™ gen 2 > 2 203 PO 1.0 Tev g Presminasy
Scalar LQ 3 gen 1e.u 210, 23] Ye 203 LO mas 640 GeV F=0 Profminary
VIQTT o Mt + X e 20,23 Yes 203 T mam 855 GeV T in (18) oot 1505 04304
§§ VIQYY - Wb+ X e z210,23] Yes 203 Y mass 770 GeV Y iy (BY) coutsiet 043
VLQBB - Hb+ X Teuy 22023 Yes 203 B mass 735 GaV sospn et 3
8 VIOBB +2Zb+ X 223e.p0 22210 203 0 mass 755 GeV Bin (B.Y) Goubiet
Tos — We e 210,25] Yes 203 [saees 840 GeV
Excited qua’k g* — gy 1y 1j 203 q" mass asTev ooy v and g™ A = m(a” 3093230
8 g Extited quark g° — qg - 2] 203 q" mass 4.09 Tev only v and d” A = m(q” 1407 197¢
'E E Excitod quark & — Wi lor2e 1D 2jor | Yes 4.7 b* mass 870 GeV IR PRACOA COUPNG 301,158
Lﬁ& Excited apton £* - Iy 2001y 130 rf mass 22 TeV Aw22 ToV 1308 1964
Excited lepion v* — (W vZ et 203 ¥ mass 16 TeV A= 16 ToV 14112921
PURE Yes 203 [eEmes 960 GeV
2eu 2] 203 N* mass 20TeV (W g
Higos triplet M** - ¢ ee. (S8 209 MH** mass 551 CGeV OY peo {01
[ Higas triplet H** — v Je.u71 203 H** mass 400 GeV OY prody ir)e
8 Monotoo (non-res pead) leu 1b Yt 2043 spn-1 nvisibie partiche mass 6857 GeY a «=02
ti-charged particies 203 Ul charged particic mass 785 GeV OY producson, iy <
Magnetc monopoles 70 monopoie mass 1.4 TeV DY producton, 4! = 18,. 59N 1/2
aaaal A A Ak aaxal M M ki aaal M A PR

Yi=7Tov Viw8TeV
: 107 1 10 Mass scale [TeV]



Appears to be non-SUSY signatures.
Nearly everything on previous pages can be SUSY.

Example: Leptoquark
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Appears to be non-SUSY signatures.
Nearly everything on previous pages can be SUSY.

Example: Leptoquark

£:ch€ 5 q
W=NLQD  --“--

Leptoquark = down squark



Diboson resonance (W’ or Z2’):
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Diboson resonance (W’ or Z2’):

Events / 100 GeV
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Diboson resonance (W’ or Z2’):

In SUSY Higgs quartic and
physical mass are determined
by gauge structure: "h < Mz

Elegant solution to Higgs mass
problem is new gauge force:
“non-decoupling D-terms.”
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Use more experimental definition of exotics:
New objects that are not produced in the SM.
Focus this talk on long-lived objects.

Disclaimer: Even with this narrow definition, | will not
cover all possible scenarios, | will just give a taste of
some of them.
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See talks by
Daniela Salvatore and
Malgorzata Kazana in
this session.

Maybe also Zhu and
De Cosa in this
afternoon’s plenary.
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Getting away from the lamp post
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Weak coupling of DM
to thermal bath.

DM never in equilibrium,
bath slowly leaks energy
iInto DM sector.

Thermal abundance set
by small coupling.
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Big coupling to SM,
small coupling to DM.
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Shaded region Decay length Signature from LOSP  Neutral Charged
Dark green 10~2%cm < 75 < 10%cm Displaced vertices v v
Light green 10%cm < 75 < 10*%cm  Displaced jets/leptons v v

Light blue 10*cm < 75 Stopped particle decays X v
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QDM ~ 5QB

Controlled by complicated
(known) QCD dynamics

\

Qpy = mpunpu (}p = mynpg
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QCD like Controlled by complicated
\? (known) QCD dynamics
Upyv=mpunpum lp = mphB

Unknown dynamics

of baryogenesis
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Gauge hierarchy problem:

Solved in composite Higgs (SUSY) with top-partners
(stops) S
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Do these partners need to be colored?



No! But still need factor of 3.
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Most models have twin color which confines
around GeV scale (or slightly higher).
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Can imagine taking confinement scale
of twin/dark QCD to be much lower.

= Quirks charged under

100’s GeV @, Q SM and dark color.
Dark color
_ -1
(mm - m) Ag confinement scale.



Confinement string can have macroscopic length.
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ct=1 mm
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ct =100 mm

Exotic——

Standard & | o 00 4

Trigger m,, (GeV)

€ggF | €EVBF | €VH €Total || €ggF | EVBF | €VH ||€Total|| €ggF | €EVBF | €VH || €Total

10 0.01%/0.03%0.03%|| 0.01% |/0.3%| 0.7% | 0.6% |/0.3%|| 5.5% |13.1%|10.8%|/6.3%

Displaced jet 25 0% {0.02%0.02%/0.002% |[0.1%| 0.3% | 0.3% ||0.1%|| 6.3% [16.5%|13.4%||7.4%
40 0% [0.03%0.03%|/0.004% (|0.2%| 0.5% | 0.5% ||0.2% || 6.6% [17.8% |14.2%||7.8%

10 1.9% |15.5%| 0.8% || 2.8% ||1.8%|15.5%| 0.7% ||2.8% || 1.6% |15.1%| 0.6% || 2.6%

Inclusive VBF 25 1.7% (15.3%| 0.7% || 2.7% |[1.7%|15.3%]| 0.7% ||2.7%]|| 1.6% |15.2%| 0.6% ||2.6%
40 1.6% |15.2%| 0.7% || 2.6% ||1.6%|15.2%| 0.7% ||2.6% || 1.6% |15.2%| 0.6% || 2.6%

10 5.8% [20.3%(13.1%| 7.2% ||5.8%(20.2%13.0%||7.2% || 3.5% [13.3%| 8.1% ||4.4%

25 4.6% 16.6%(10.9%| 5.8% [|4.7%(16.7%(10.9%|/5.9% || 4.2% [15.2%| 9.7% || 5.3%

40 4.0% [14.2%| 9.2% || 5.0% [|4.0%(14.2%| 9.2% ||5.0% || 3.8% [13.9%| 8.9% || 4.8%

10 3.6% | 3.7% (14.7%| 4.1% ||1.0%| 1.0% |12.5%||1.5%|| 0.1% | 0.2% [11.8%/0.6%

Isolated Lepton 25 1.0% | 1.5% [13.0%|| 1.6% {/0.3%]| 0.4% [11.9%|/0.8% |[0.05%0.07%|11.7%/0.6%
40 1.0% | 1.4% [12.6%|| 1.6% {/0.3%| 0.4% [11.9%/0.8% {/0.05%|0.07%|11.6% |/ 0.6%

10 0.02%0.04%|0.04%|| 0.02% |/0.8%| 1.5% | 1.3% ||0.9%|| 2.0% | 2.4% | 2.2% ||2.0%

Trackless jet 25 0.02%10.04%10.06% || 0.02% {/0.5%| 1.0% | 0.8% ||0.6% || 3.6% | 5.9% | 5.0% || 3.8%
40 0.01%/0.02%0.03%|| 0.01% ||0.1%| 0.2% | 0.2% ||0.1%]|| 2.1% | 4.1% | 3.3% ||2.3%

Standard triggers can be very
effective for exotic searches.
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« More searches for distinct collider objects.

« Searches for different SM states originating
in all different places in the detector.

« More general use of triggers, including
multi-jet and VBF.

« Keep searches as model-independent as possible.






