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Outline

e Desperately seeking SUSY
e Hunting in the exotic land

e Summary
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1985 Movie
-- SUSY searches predate this
-- may have better luck this time...
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SUSY

e Main motivation for SUSY:
¢ cancel quadratic divergent in Higgs mass g Q_ !

¢ bonus: provide dark matter candidate
¢ bonus: convergent of gauge couplings at Planck scale )

e Experimental search strategy: . 4
¢ assume R-parity is conserved

= lightest supersymmetric particle (LSP) 1s stable
= large missing transverse energy (£;)
+ will also present searches with R-parity violation

e caveat: SUSY has many free parameters
= conversion of result into exclusion limits require assumptions:
¢ decay chains
¢ masses and branching fractions
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Search tor Stop-Pair Production

® SeaI'Ch fOI’ medlum 1, production,t, — b+§‘§,5‘<j—> W(*)+5Z(1J Status: March 26, 2013
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e Lepton multiplicity
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to reconstruct
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Events / 30 GeV

Data/SM

Search tfor Stop-Pair Production
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2 SS-leptons + < 3 b-jets |

0-g production, g— tfi{?,

Vs=8TeV

Status: Moriond QCD 2013
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95% CL limits. o2YSY not included.
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e signature: 3 leptons + missing £
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e exclude charginos and neutralinos masses up to 650 GeV
if decay via sleptons to massless lightest neutralino
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earch for Neutralino with Four Leptonsse
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earch for R-Parity Violating SUSY

Many other searches
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earch for R-Parity Violating SUS
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@Summary of ATLAS SUSY Searches

ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: March 26, 2013)

MSUGRA/CMSSM : 0 lep +j's + E e q =I§ assI LR I
MSUGRA/CMSSM : 1 lep +j's + E e % =5 mass

Pheno model : 0 lep +j's + E s § mass  (m(@ <2TeV, light%)) ATLAS
. Pheno model : O lep +j's + E e Gmass (m@<2Tev, |.gmx ) Preliminary

mass (m(i ) <200 GeV, m(x") % m(i )+m(@))
g mass (tang <15)

0 TeV g mass (tanp>18)
g mass (m()'g?) >50 GeV)

ClBSINE o) 1 en+is e,
GMSB (INLSP) : 2 lep (OS) +j's + E,

GMSB (T LSP) 1-2t+]s+E

GGM (bino NLSP) :yy + E/"™®

GGM (wino NLSP) :y +lep + E_

GGM (higgsino-bino NLSP) :y + b + E —

GGM (higgsino NLSP) : Z + jets + E, m:ss

Gravitino LSP : 'monojet’ +ETm|ss

""""""""""""" “bBy’:0lep + 3bjs + E .

3 X
—>ttX 2 Sé -lep + (0-8b-)j's + E ;e
iﬁllno S §—>tth 0lep + multi-j's + E .
................... _)ttgg o - 0 Iep+3b IS * ET miss.
bb b—>bx 0 lep + 2-b-jets + E

T, miss
L=20.7 fb", 8 TeV [1210.1314]

1.

Ldt = (4.4 - 20.7) o'
mass  (mz,)>220 GeV) _

abs  (m(F)>200 Gev) I1s=7,8TeV
chle (m@)>10* ev)

g mass (m(i ) <200 GeV)
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-007] 900 GeV

mass (any m(i ) 8 TeV, all 2012 data

B
Inclusive s@hes

g mass (MG, ) <300 GeV)

Gmass " cmocer DRSS

b mass (m(i )<1zo GeV)

£s bb ) —>t)”(‘ 2 éS -lep + (0-3b-)j's + E : ::: L=20.7 fb", 8 TeV [ATLAS-CONF-2013-007] - 430Gev. bmass (mef)= 2m(f( )

§ 5 tt (Ilght) t—>9x 1/2 lep (+ b-jet) + E; tmass  (m)=55Gev)

53 T medium), t—>bx1 1lep +b-jet + E, | L=2071b",8 TeV [ATLAS-CONF-2013-037] 160-410GeV. t Mass  (m@ =0 GeV,m(x) = 150 GeV)

S u ar it ( medlum) t—>bx 21ep + E; e | L=13.01" 8 Tev [ATLAS-CONF-2012-167] EEIEE t mass  (mdf) =0 GeV, m{i)-mG’) = 10 GeV)

S avy) t—>r 1 Iep + b-jet + E Tmiss | L5207 fb", 8 TeV [ATLAS-CONF-2013-037] 200-610 GeV t%nass 1

kS it (heavy), T—t7’ : 0 Ie + 6(2b-)jets + E L=20.5 fb", 8 TeV [ATLAS-CONF-2013-024] 320-660 Gev t masp V
& % N(Tf (n\gtlural G>§\}ISB ; —>I$) + l)DJ -jet + E Times L=20.7 b, 8 TeV [ATLAS-CONF-2013-025] 500 GeV TNmass Te
_____________ t 2@2'.'( _—_>_T +Z 1 Z(=) + 1_|ﬁp +b-jet+E m'ss_ L=20.7 fb", 8 TeV [ATLAS-CONF-2013-025] - 520 GeV. t mass m(t = mGz) + 180 GeV)

|L|L, =K’ 2lep + E Tmiss | =47 177 TeV [1208.2884] [gsHe5GeVl| Imass  (mG))
b ] % ,”+—>Iv(|v3 2lep + ET miss | =47 67,7 TeV [1208.2884]  110-340GeV 5’(* mass (m& L 10 Gev, m(i7) =J'(m(>~cf) &)
Ngutr all,n,@‘(g —-Tv(tv): 2T+ E Tmiss | L=207 10", 8 TeV [ATLAS-CONF-2013-028] 180-330 GeV X mass () }10 GeV, m(e) = (m& b em (id)))
)(1)(2 _.).-_.Y) I )l_\~/0| |(Vz) 3lep + E T miss L=20.7 fb", 8 TeV [ATLAS-CONF-2013-035] sooeev X mas (m(i )= m(i m(;( ) = 0, m{i¥) as above)
_____________________ Vo M W*xZ*x 3lep+E

...................... T,miss -

o DII‘eCtX palr prod AMSB :long- Ilvedx

é 8 e g, R-hadrons : low B, By
]_@@ 1V GMSB, stable 7 : low f
T
Q

L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-035] 315 GeV X mass (m(fg ) m(i ), m(;‘( ) 0, sleptons decoupled)
x maSS ¢l <r(7(j)<10 nsf
| g mass
Tmass (5< tanB <40)
mass (04<r(>‘()<2n)

g mdss

GMSB, %, x, —>yG non- pomtlng photons

(1 mm < ct<1m,g decoupled)
V,.Mmass  (1,,=0.10,2 =
V. Mass (4,010, 4,,,,=0.05)
g=gmass (ct, <1mm)
ass (m(7)) > 300 GeV, ., > 0)
>80 GeV, %, >0)

LFV: pp—)v +X, ¥ —e+u resonance
LFV : pp—¥ +X,¥,—e(u)+t resonance

P ilinear RPV CMSSM : 1 lep + 7 j's + E 6
X: ;;:* W’g: ’)Z?—>eev euv_:4lep+E;

7’ T,miss

X Kop w0 A, TV 6, €TV, 13 Iep +1t+ ETmlss
§— qqq 3-jet resonance pair

g1, T>bs : 2 SS-lep + (0-3b-)j's + E

Scalar %uon 2-jet resonance pair
WIMP interaction ( irac ) : monOJet'+E .

T,miss

=0.05)

L=20.7 fb", 8 TeV [ATLAS-CONF-2013-036]
L=20.7 fb™", 8 TeV [ATLAS-CONF-2013-036]

760 GeV. x
350GeV| . mass

L=20.7 fb", 8 TeV [ATLAS-CONF-2013-007] 880 GeV mass  (any m()

L=4.6 fb™, 7 TeV [1210.4826] [ H00287Gevi]  sgluon mass  (incl. flmit from 1110.2693)

ale (m, <80 GeV, limit of <687 GeV for D8) I
1 1 1 L1 1 11

10" 1 10 18

*“Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.




Summary of SUSY Searches

e No sign of SUSY yet but...
+ SUSY has many free parameters...
= difficult to totally exclude SUSY
= provide job security...
= experimenters (and theorists) love SUSY
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Search for Dilepton Resonances \
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Search for Dilepton Resonances=Sa

CMS Preliminary

< [ | | | | -
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Search for Dijet Resonances ~%&
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Search tfor Dijet Resonances

CMS Fl’rellimilnalry, Is =8 TeV, 1?.6 Ifb"I

(\’l—\ I
§ 10° = —e— Data
[0} — 1 Non-Top Multijet
O - ., I sm tt
o ... ——— 1 TeV RS KK gluon
© 1? e : —— 2TeV RS KK gluon
7 = e ——— 3 TeV RS KK gluon
= B
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o 10E
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= ik
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e Top-pair x-section could be enhanced tt Invariant Mass (GeV/c®)
due to RS KK glllOIl, 7! CMS-PAS-B2G-12-005

e Reconstruct highly boosted tops with merged hadronic jets
e Exclude KK gluon < 1.8 TeV @ 95% CL

e Also set limits on x-sections due to Z' or non-resonant enhancement
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Search for WZ Resonances

e WZ resonances predicted in many beyond SM theories:
¢ technirho (o) in Technicolor models

¢ new heavy gauge boson in comp031te nggs models
102 E I e

\'s = 8TeVJ Ldt=13.0fb"

._h'w

o
@ scarch for resonances ©

(@)
in 3-lepton final state ¥ 10

e limits @95% CL.:
e M(W)>1.18TeV .
e M(pp)> 092Tev  '°
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Search for Heavy Fermions

e Type III seesaw model: include a not so-heavy triplet (N*, N-, NY)
to generate a reciprocal seesaw mechanism

pp — N°N* L e e
o e § L ATLAS o oseeos
N — W7 S = Preliminary . Wy VW s
N N . ,J_rE :\"s=8TeV,J.Ldt=5.8 ' s - \?\;rljg;sTOP -
N =0~/ —= 0V 0V) § 10;— , |:]N[200GeV]|:]N[300GeV]—§
= search for L - [Tk .

Z + 2 leptons a0
= M > 245 GeV @95%CL T
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Weak Isospin singlet:

t'— Wb, Zt, Ht

Weak Isospin doublet:

t'— Zt,Ht
Production/decay of interest:

t't — HtHt ,ZtHt \WbHt
H — bb

= search for lepton
+ =6 jets (=2 b jets)

Weak-1sospin doublet:

mass > 790 GeV @95%CL
Weak-1sospin singlet:
mass > 640 GeV @95%CL

K .K. Gan
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Search for Top-Pair Resonace

e Many BSM theories predicts enhanced
couplings to 3™ generation quarks ~ cMs Preliminary, 196 fi', Vs =8 Tev

e Search for e/u + = 2 jets

e Some examples of 95% CL
mass exclusion limits:
¢ Topcolor Z'
I'M=12%:M>2.1TeV
I'’'M =10%: M > 2.7 TeV
+ KK excited gluon
in RS model: M > 2.5 TeV

e Also set limits on x-sections
times branching ratio of
other models (not shown)

K K. Gan

CMS-PAS-B2G-12-006
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e Lepto-quarks are predicted in grand unified theories,
technicolor, and composite models
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e M(LQ)>1.07TeV
@95%CL
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29



earch for 3 Generation Lepto-Quar

LOLQO — tbtb — e — hadron bb

Electron Channel
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e Search for enhancement in scalar sum of transverse momentum (S-)

e Mass > 534 GeV @95%CL

arXiv:1303.0526
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Search for Monojet

-
CMS-PAS-EXO-12-048
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Search for Long-Lived Particles

CMS Preliminary \s=7 TeV, L=5.0 fb' Vs=8 TeV, L=18.8 fb

e Many BSM have %1 600 o cus \E:?lTeV, 5.0 o Tev,| tesi! .
. © L O CMS \Vs=7 TeV, L=5.0fb" (2012) i

heavy, long-lived %1 400 ® CMS Vs=7TeV, L=5.0b" (2011) ]
charged particles that 512003_ K ﬂ::zg g - Ex t;g.?7;t;_1 N E
are slow or have 7 - . ]
fractional or multiple §1ooo = L . =
charges (= 2 e) 3 B . * oy }

e Search for long lived (—)' 800:_ = E
charged particles with ¢ 600F v . .

« high/low ionizing ol -
energy loss (dE/dx) . ]

¢ long time of flight ~ 200~ 8 S PASEX O 2.0

e Also limits on fractionally 4C 1 | | | | | | |

. stau stau stop stop gluino gluino gluino gluino
charged particles (not shown) pair Gmss ch ch.  (f=0.1) (f=0.5) (i=1.0)
prod. suppr. suppr.
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Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E; ¢
Large ED (ADD) : diphoton & dilepton, m,
UED : diphoton + E; s

Xtra S/Z ED : dilepton, m,

RS1: dlphoton & dilepton, m

vy /1
RS1 : ZZ resonance, My

1[ | leg 19&%1 : WW resonance, my,,
925) : tt — |+jets, m
t.boosted
ADD BH (M7, /IMy=3) : SS dimuon, NCh part,
ADD BH (M., /M,=3) : leptons + jets,>p

Quantum black hole : duet F (ml

T,miss

Ext@ﬂme{’@ns

z (SSM) mee,MM
Z'(SSM) :m
W' (SSM) : mTe,M

X\’ /7' , W (SSM)
W'/7Z o 5

Scalar LQ pair (=1) : kin. vars. in eeu evjj

Eep qul&a : kin. vars. in pujj, uvjj
Scall pair : kin. vars. in tjj, Tvjj

4" generatlon t't'— WbWb
4" generation : bb(T T5,3)—> Wiwt

uark b' : b~ Zb+X, m
gew ﬁ)}ura&lké tt+A A (dilepton, M ZS
Vector- Ilke quark CC, qu
Vector-like quark : NC, m,,

Excitéd quarks :vy-jéet resonance, m

E&cne qrark g

Techni-hadrons (LSTC) WZ resonance (vIII)

r. neutr. (LRSM, no mixing) : 2-lep +jets
@the%ﬁ Wy (LRSM no mlxmg) 2-lep + jets
H* (DY prod BR(H™—ll)=1) : SS ee (uw), m
= (DY prod., BR{H*—~eu)=1) : SS ey, m
Color octet scalar : dijet resonance, m

L=5.9-6.1fb”, 8 TeV [ATLAS-CONF-2012-129]

M, (5=2)

Mg (HLZ 5=3, NLO) ATLAS

Compact. scale R

M ~ R

Graviton mass (k/Mpg, = 0.1)

raviton mass (k/Mp, = 0.1)

L=4.7 fb", 7 TeV [1210.6604]
L=4.7 fb", 7 TeV [1209.4446]
L=4.7 fb™, 7 TeV [1209.6593]
L=1.0 fb™, 7 TeV [1205.1016]
L=4.7 fb", 7 TeV [1209.4446]
L=1.0fb™", 7 TeV [1112.4828]
L=1.0 fb™, 7 TeV [1203.3172]
L=4.7 fb™, 7 TeV [Preliminary]
L=4.7 fb”, 7 TeV [1210.5468]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-130]
L=2.0 fb", 7 TeV [1204.1265]

L=4.7 fb™, 7 TeV [1209.4186]

L=4.6 fb”, 7 TeV [ATLAS-CONF-2012-137]
L=4.6fb”, 7 TeV [ATLAS-CONF-2012-137]

430Gev. W'mass
1.13 Te

670Gev. b' (T}

400 GeV. b' mass

483GeV. T mass

W' mass

N mass (

A,) <100 GeV)
VLQ mass (charge -1/3, coupling k,q =v/mg)
VLQ mass (charge 2/3, coupling K ,q =v/mg)

2.49 TeV. Z' mass
4Tev. Z'mass
255Tev. W' mass

2.42Tev. W* mass

Graviton mass (k/Mp, = 0.1)

q* mass

I* mass (A =m(l*))

- M) =M,)
=m(n,) +my, m(@) = 1.1m(p.))
m(WR)
W, mass (mi
it at 398 GeV for uu)

=2TeV)

Scalar resonance mas:

(N) < 1.4 TeV)

Preliminary

det =(1.0-13.0) b
Is=7,8TeV

A (constructive int.)

K. an
*Only a selection of the available mass limits on new states or phenomena shown
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ummary of CMS Exotic Searches

LQ1, B=0.5
C S E ° LQ1, B=1.0
I I XOT'CA 95% CL EXCLUSION LiMITS (TEV) 05505
* i LQ2, B=1.0
q “‘2’5 (z”v?/; LQ3 (bv), Q=+1/3, B=0.0
q* (g2 LQ3 (b1), Q=+2/3 or +4/3, $=1.0
q*, dijet pair stop (bT)
q*, boosted Z .

e, N=2TeV Compositeness

s, A=2TeV b’ = tW, (3I, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1

0 1 2 3 4 5 , )
Z’SSM (ee, pp) b’ = tW, l+jets
zZssM@m | B’ — bZ (100%)
Z' (tt hadronic) width=1.2% _— T - 1Z (100%)
2’ (dijet) t = bW (100%), I +jets

Z’ (tt lep+jet) width=1.2%
Z’SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) M =0.1

G (Z(hZ(qq)) k/M = 0.1

' — bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.L., py, destructve LLIM

C.l., y, constructive LLIM
C.l., single e (HNCM) Contact

iy

W’ (I .
w’ (dij(e\g C.l., single y (HnCM)  EMIgY(=Igelexi(e]g]s
W (td) C.l., incl. jet, destructive
W’ = WZ(leptonic) C.l., incl. jet, constructive
WR’ (tb) — ) [
WR, MNR=MWR/2 ) 1 Ms, vy, HLZ, nED = 3
WKK p =10 TeV ) Ms, yy, HLZ, nED = 6

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

|

Ms, Il, HLZ, nED = 3

Ms, Il, HLZ, nED = 6

MD, monojet, nED = 3

MD, monojet, nED = 6

MD, mono-y, nED =3

MD, mono-y, nED =6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2

|

e

-
N
w
N

gluino, Stopped Gluino
stop, HSCP
stop, Stopped Gluino

Extra Dimensions

stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV MBH, stable remn., MD=3TeV, nED = 2 & Black Holes
neutralino, ct<50cm MBH, Quantum BH, MD=3TeV, nED = 2

=]
-
N
w
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Standard apple

Heavy apple

Wrong tree

LHC tree?

e Restart LHC .

in 2014 at ~13 TeV[E iz

» expect 300 fb-! [
by 2017

K K. Gan o “Pheno2013 35



