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o SUSY States

SUSY posits a complete set of mirror states with S¢ oy = |Sq\y — 72|

Standard particles SUSY particles
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e Stabilize Higgs mass for GUTs
e Can provide reasonable dark-matter candidate

e Minimum of two Higgs doublets
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To avoid lepton/baryon number violation can require that
“SUSYness” is conserved, i.e., preserves an additive “parity”
quantum number R such that R¢,, = +1; R sy = -1

If you can’ t get rid of SUSYness, then the

lightest super-symmetric particle (LSP) must
be stable =» dark matter, missing energy

LSP is typically a “neutralino” (dark matter
must be neutral); admixture of W°,B°,H

Known as “y,° whose identity is not that
relevant to phenomenology
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o SUSY Breaking

But we know that SUSY is broken...

SUGRA: Local supersymmetry broken by supergravity interactions

Phenomenology: LEP (usually ,°) carries missing energy.

GMSB: Explicit couplings to intermediate-scale (Mg, < A < Mg 1)
“messenger” gauge interactions mediate SUSY breaking.

Phenomenology: Gravitino ( 5) LSP; NLSP is ,° orT . Content of ¥,° germane.

AMSB: Higher-dimensional SUSY breaking communicated to 3+1
dimensions via “Weyl anomaly”.

Phenomenology: LSP tends to be W, with %,*, % nearly degenerate.
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The 8 TeV (2012) ATLAS Data Set
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The 7 TeV (2011) ATLAS Data Set
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¥ The ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

L\

Non-prompt tracks
Photon c0fversions

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Favorite Discriminating Variables

E,Mss: Transverse momentum imbalance
» LSP escapes detection (RP conserving SUSY)

m ¢, H;, etc: Transverse energy scale
» Strong production can reach high mass scales
> “Scale chasing”

m,,, M;: Generalized (under-constrained) transverse mass
» When two copies of intermediate state are produced

Ad,: Minimum ¢ separation between E;™* vector and any
object of type X.
» LSP produced in intermediate-to-high mass decay
» Separation between LSP and decay sibling
» Jet backgrounds tend to have small separation

Heavy Flavor: “Natural” preference for 3" generation
> b jets, T jets (now also c jets)
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ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: March 26, 2013)

MSUGRA/CMSSM : 0 lep +J's + E; e =g mass
MSUGRA/CMSSM - 1 lep + 'S + E 1 e =g mass
. Pheno model - 0lep + s + E; e gmass  (mf)<2TeV. ighti)) ATLAS
.g Pheno model -0 lep +j's + E; e 3 qmass  (mig) <2 TV ighty’) Preliminary
5 Gluino med. 7 (g—df ) Tlep+['s+E, . gmass  (m(z’) <200 GeV.m(z’) = Mimix’ +mid))
: GMSBDE’INLSP 2Iep(|08}+js [ gmass  (ans<15)
2 ngm }-SP}' NLS%I;}-'- E e | LT 8TV [1z10.1514 140Tel GMAass (ans>18)
w no Ty + gmass (mE’)> 50 GeV) .
5 GGM (wino NLSP) -1 +lep +E "~ o mans Ldt=(44-207)f"
£ GGM [hlggsmo—blno NLSP) T+ b+ E Tmiss a mass tm& ) = 220 GeV) r _
GGM (higgsino NLSP) - Z + jets + E ;.. a mass trrJﬂ-ﬂbEﬂﬂGeh'} s=7,8TeV
Gra“’“.'E’;“ LSP - ‘monojet’ +£ e F - scale  imG)>10"ew)
: .o g—b Olep+3bis+E LT gmass  (m{y) <200 G=V)
E} % _"‘Eg g—}lﬁ 2 Sé lep + (0-3b-)j's + E: : L=20.7 fu", 8 TeV [ATLAS CONF-2013-007]) S00GeV| g Mass  (any miz,)) 8 TeV, all 2012 data
s g—> D lep + multi's +E; gmass  (mfy,)< 300 GeV) _
= ag ____________ LGty -0 lep+3bs +E e gmass  (mfi,) <200 GeV)
_bb, b—:hx Dlep+2b-]ets+ETm b mass {mu)«:ﬂﬂﬁe‘fj _
b= I:b b—} EéS lep + (0-3b-)'s +Erm L=20.7 i, 8 TaW [ATLAS-CONF-2013-007] 406w bmass  (mg)= 2mﬁ ]
@ «E t [llght}l t=by - 12 lep (+bjet) + E, . tmass  (mix)=565GsV)
= E-] tt {medium), t—;bx 1lep + b-jet + .“_:T miss | LZ207 W0, 8 ToV [ATLAS-CONF-2013-037] 160410 Gey | t Mass Emﬁ ) =0 GeV, m(f ] 150 Gel)
; g it (medium), t—>bi‘ 2lep + Erm L=13.0 ", 8 TeV [ATLAS-CONF-2012-1€7] EEEE t mass tm& =06V, m[t}m& 1= 10 GeV)
2w . tti{heavy), i—;tx 1 Iep +b-et+E; Tmgs | =207 W, 8 TaV [ATLAS-CONF-2013-037] 200610 GeV t nass {.m(x } a)
T 2 tt (heawy), t"‘l 0 Iep + 6(2b-)jets + E L=20.5 M, 8 TeV [ATLAS-CONF-2013-024] 220660 Gey T mass :mﬁ =0y
el 1t (natural GHSE] Z(—ll) + b-jet + E e | LI 8 ToV [ATLAS CONF-2013-025] sy tmass (mE )> 180 G;e‘.":l
_____________ tz L=t +7 - 2(=ll) + 1_|_<'1_P_J[ bojet+E o |27 s Tov pamiasconr2nsazs) 520GV t, mass  (mii)=mG)+ 180 GeV)
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E ® . - ¥ —ﬁ\'{ﬁ'} 2T+E] . |7, aTev aTLas-cONF-2013-028) 180330Gew. } Mass  (miy; < 10 GeV, miT7) = mﬁ*}+mﬁ m
e L, |,_\'lL| ‘3’\"} ﬁ‘ |{W :3lep +E e | L7207 MY 8ol [ATLAS-CONF-2013-035] :nﬁsur I mass :mﬁ )= miE.). miz,} = 0.mil.7) as above)
______________________ —> 1 3lep+E; L=20.7 W", 8 TV [ATLAS-CONF-2013-035] 315 GeV x mass :mﬁ ) =miE)miE, )= 0, sleptons decoupled)
D Direct} pair prod. (AMSE] long- Iwet:'lrf' ¥ mass {1 <} < 1 ns) -
22 Stable g, R-hadrons : low B, By - g mass
& e GMSE, stable T : low B W Tmass  (5<tanp<20)
g2 GMSB, x —yG - non-pointing photons ¥, mass (04 <) <2ns)
B %, .aqu (RPV): p + heavy displaced vertex qmass (1 mm <ct<1m§ decoupled)
LFY - pp—w +X, v _—set resonance V.mass i, =0.10,4,=0.05)
LFV : pp—v +X, vV, —e(u)+1 resonance vV mass (i, =010.4, ., =0.05)
BlllnearRF"VGMSSM Tlep+7['s +Eq e q=gmass (st €1|'rm:|
& RT 2 WZ1 i —eev euv cdlep + . (L7207 W 8 Tev [ATLAS-CONF-2013-03¢] 760 GeV i mass {m[fﬁ?ﬂﬂﬂﬁe‘u’.lm,?m
ii —>'rw e'w 3|fep+11:+E L=20.7 ", 8 TeV [ATLAS-CONF-2013-036] 250 GeV' i mass [mﬁ::Bl:lG-eW. =0)
q: 3—]91 resonance palr g mass
______________ gtt, _t_—>__l!%_ 2334&9 +(0-3b-)s+E_ |07 w6 Tel ATLASCONF 2013007) 880GeV gmass  (anymfi))
%uon 2-jet resonance DA |L=asm, 7 Tov (1210.4025) IeeEETEE sgluon Mass (incl it from 1110.2623)
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*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All imits guoted are observed minus 1 theoretical signal cross section uncerfainty.



: Jets + MET in Minimal (MSUGRA) P

e VVery basic signature Channel
. . Requirement A B C D E
e Interpreted in fully-constrained 2ets 3ets Ajets S-jts 6jets
. EFs[GeV] > 160
model (five fundamental T 6T aF 8 TeV
parameters) pr(i) 16V > 00
“ ’ pr(Jjz) [GeV] > - 60 60 60 60
e Employs scale chasing  to limit pr(ja) [GeV] > - - 60 60 60
. pr(Jjs) [GeV] = - - - 60 60
backgrounds (high m_g) ) GV~ - - - - m
° I\/Iaintains some |OW meff analyses M@g,li%ﬂﬂl,&@)}) ‘ 0.4(;’:{],‘2,3]),0.2{{9T>40Gerels) .
ETS fmeg (N j) > 0.3/0.4/0.4 (2)) | 025703/ =3R.25/0.3/0.3 (4)) | 0.15 (5) | 0.15/0.25/0.3 (6))
mgg(incl.) [GeV] > 1900/1300/1000 | 1900/1300/= | 1900/1300/10007| 1700/—— | 1400/1300/1000
g IEI LI I LI IAI;-LIAISI ;,r'e;”:."ln;;y' ll I£lel.‘|=l5l‘elflb]’l UL I IE
8 K SRD - 5 jets is:ntérgria}z(\';:eﬁw_
é 10°% = Ijt;“;it“‘l“‘t:°“°°'°"°% e Plot shows one of 12 selections (some SRs
C it & single top 3 . .
s f e 1 | have loose, medium, tight m_ cut)
- I Diboson . eff
F SRD 5 | ¢ Observed: 5 events; Expected: 6.3 + 2.1
: il - e O\p < 1.03 fb; typical for model point (best
‘ L 3| of 12is Cygy at 0.57 fb)
.]i-.‘ll"ul....l. | . .
Q e e At each point in MSUGRA parameter space,
z choose SR with best expected sensitivity...
o
m,.{incl.} [GeV]
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Jets+MET Exclusion in MSUGRA Paramete

Set limits in MSUGRA parameter space

=>»To get a handle on scale, re-cast in MSUGRA-constrained generic squark
and gluino mass space

=>Excluded scale at mg, ;. = My 00 is ~ 1500 GeV

squar

But many scenarios for which SUSY can still exist below 1500 GeV!

MSUGRAICMSSM: tan = 10, A = 0,150 MSUGRA/CMSSN: tanf = 10, A =0, 1>0

: | | Tt -ﬂ,. I_ LI | | L | L | f LI | | | L 53[":][] | LI | --I-.“! 1 | LI | LI i
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= \ \ e = A .
= | v \ D-ieptcrl mmbiraed '| E 2500 , -—— Expected limit {+17,,) ]
AN E Preliminary : [ Theoretically excluded 7

VooT = d -

. E:pected limit {+17,,) % J , ; |:| Stau LSP _

- Ldt=581, {s=8TeV *, ]

L[] observed imit (47 7. 7Tev) % 2000 ! i
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- Looking for the Holes

The gaps in coverage arise from many different
considerations.

How do we identify them?

=» Reasoning and intuition: 3" generation NLSP, no
light strong partners, “compressed’ scenarios, etc...

=» Brute force: model-space carpet bombing (e.g.
“pMSSM”...)

A A
/T
St T
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M The DMSSM
M.W. Cahill-Rowley, J L. Hewett, A. Ismail, T.G. Riz,;o\
\ Our p(henomenologicallMSSM

Now an ATLAS associate!

(Flat priors)
50 GeV < |M, | <4 TeV
General CP-conserving MSSM with R-parity | 100 GeV < |[M,, p| <4 TeV
MFV at the TeV scale (CKM) 400 GeV <M, <4 TeV
Lightest neutra_llnofgrawt_lnu is the LSP. 1<tan B <60
1542 generation sfermions degenerate
100GeVM,, |,e<4TeV

Ignore 142" generation Yukawa's,
No assumptions wrt SUSY-breaking 400GeV <q,,u,, d <4 TeV

200GeV =g, u, d, <4 TeV
- the pMSSM with 19/20 parameters | |a, | <4Tev
leVsm,, 6 s1TeV (log prior)

Goal: obtain ~225k points in each of these 2 spaces satisfying existing
data then study their signatures @ the LHC & elsewhere.. NO FITS!

New low-FT
set -

We're going for breadth not depth! —»—
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Minimal (constrained

Idea #1: Are model-dependent linkages between masses foolin;

SPS 8

wr “General” Model

A

A

e.g. General Gauge
Mediation (GGM)

o fo . 1200
GUT unification: few parameters T
e MSUGRA/CMSSM
LO00
) 11 o o »
MGMSB - “Minimal” Model
e.g. MSUGRA: soo |
m,: GUT scale common T
scalar mass 600 |
m,,: GUT scale common s00 110 A° —
gaugino mass
100 L
tanB: Ratio of Higgs doublet
300
VEVs '
A, Common trilinear coupling T
. }[)_
Sgn(u): Higgs mass term or
X | # 0
L
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M jots+MET in a Generalized MSUG

Squark-gluino-neutralino model, m(“/:?) =0 GeV

J t +MET . t t d ;2800 _l | | | | 1 ;} I- | | I | | | | | | | | | | | I | | | I | | I_
ets Interprete ; 2600 = / ATLAS Preliminary =
with simplified model @ m .

: £ 2400 — j Ldt=58M" {5=8 TeV =

e generic squark = = _-7 ]

o 2200 — Mg, 0-lepton combined - —]

e generic gluino % 2000 E= ' —— Observediffil (+10525) -

o XO LSP 1800 E_ __:/Ex-péc?ed limit (£10,,,) _E
C /‘f Observed limit (4.7 b, 7 TeV) —

e All other SUSY states 1600 < P eesimit ) )—:
decoupled 1400 :_ . _—~‘~~_;~. ................................... mE
e Standard decay of 1200 E- e ==
SUSY particles to = .7 -

, 1000 = -~ _ —

accessible states =0T | Mgiuino= Msquark | | | .

A I 111 Y T T IS T N N Y Y I | 11 1 | | [

800
800 1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]

=» Limits in same range (scenario has at least one
accessible strong partner

=>» Again, excluded scale is ~1500 GeV for m
(for light ,°)

i Bruce Schumm SUSY-After-Higgs; UC Davis 2013 15
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Compressed Scenarios

Idea #2: Is visible signature too soft to see or trigger on?

Small mass splittings can lead to Colored sparticles

signature with little visible energy K _
Y — Chargino
=>Even if E;™'S is large, events can _ j.m’\t Neutralino

be buried in backgrounds or not

even stored on disk Small AM < m,,, (Off-shell W)

> Requires complex triggers 5’{ ﬁ;{ﬁﬁw f ﬁ.,{,lv

(object + E;™s) and clever analyses " ‘soft’ lepton
1»;{:2@“ Important weapon: Initial state radiation

e ATLAS is perfecting its modeling of ISR

e Can look for events for which ISR “stiffen” the
visible content of the event

e Somewhat “up-and-coming”

aonononan
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u Compression and the Jets+MET Analy

Channel
Requirement A B C D E
2-jets 3-jets 4-jets 5-jets 6-jets
Agljet, }'Zlnlis")min [rad] = 04(=1{12,(3)bh 0.4 (i=1{1,2,3}), 0.2 (pr > 40 GeV jets)
E;'}issfnkn'(Nj) > 0.3/0.4/0.4 (2j) | 0.25/0.3/=(3j) | 0.25/0.3/0.3 (4j) | 0.15(5j) | 0.15/0.25/0.3 (6j)
mgg(incl.) [GeV] > 1900/1300/1000 | 1900/1300/— | 1900/1300/1000 -i"{]ﬁf—j— 1400/1300/1000
e G——

/
Removal of m cut for some SRs geared towards compressed scenarios

Compressed SUSY model
| T 7 L L LI L | L T L

N
| ==
= | ATLAS |
ﬁ_ 1200 - Combined 7 TEV resurts . t
Y
i [Ldt-d7ib" \s=7 TaV - ' 1,__«-""--;’
& — . & At ]
E 1000 |~ — oObserved limit (1 L ik R
o _ L__ Expecled limit (+16,,,) ==~ P i At | More
A u © \\we A" am 4 and
o 800 ot 7 goRE ™ v~ more
= : WSh ' compressed
=) -
’ i
600 = B e
400 —
L |
|— |
] = cm
200

i Cm

700 800 200 1000 1100 1200 1300
gluino mass [GeV]
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Stronq vs. Electroweak Production

- % However: if colored states are
~(%] i-"[] 7

STRONG
COUPLING

g

decoupled, EW production will
dominate

e Dedicated EW prod. analyses

=>» probe high mass scale . -
=> steep mass dependence (*M10) e Pure-EW simplified models (new!)
=>» beam energy vs. luminosity

=>» lower backgrounds 3 1057 e e ————
i = -t .
, ELECTROWEAK ¢ 5 L= -
COUPLING v » A .
P 2 10'= 3. Vs=7TeV
; o . " e : )
] (& _2—! = e, s . . .
j e EW reach
Y 10_3;_ !U " .::. ‘.g...-
(}’ . E ! =} ™ . ® : : 3
’ 104 e " . Strong .
=» probe intermediate mass scales - : T
=> higher backgrounds L e o T~ S—. v e—
=, > benefit from high JLdt SUSY Breaking Scale A (TeV)
/T
s 1
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- EW Production Searches

Next Idea: Are non-colored states the only accessible states?

Many “natural” scenarios have few-
hundred GeV gauginos, decoupled colored
sparticles (except perhaps 37 generation;
see next section)...

» Multi-lepton signals
» E;™ss from v and ,°

» Simplified model, only gauginos and
sleptons light

» Large backgrounds to content with
(smaller cross section for given mass scale)
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M Multi-lepton + MET EW SUSY Se

» Employ simplified models with bino, wino masses as free
parameters; all else decoupled

» Can also have light sleptons

F(v) e+ (v) Xt =
ooy - - - I Gt
\ () \] = 1y
v ) (1) ‘tllj £=
Example:

* %,* %,° degenerate wino NLSP, x,° bino LSP

e Two cases: only gauginos light, or also with generic left-handed slepton with
mass half-way between bino and wino,

e Produce y,*x,"or %"’ involves opposite-sign, same-flavor lepton pair
Bruce Schumm SUSY-After-Higgs; UC Davis 2013 20




3 Lepton + MET Weak-Production Sea

» Search for 3 leptons, including one same-flavor, opposite-sign pair
» Signal regions consider presence (SRZ) or absence (SRnoZ) of on-shell Z

» E;™MS, transverse mass

Selection SRnoZa SRnoZb SRnoZc SRZa SR7b SRZc
msros [GeV] <60 60-81.2 <81.2o0r>=101.2 81.2-101.2 81.2-101.2 81.2-101.2
Efl'.““ [GeV] =50 =75 =75 75-120 75-120 =120
my [GeV] - - >110 <110 >110 >110
pr 39 £[GeV]  >10 >10 >30 >10 >10 >10
SR veto SRnoZc  SRnoZc - - - —
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc
Tri-boson 1.7+1.7 0.6+£0.6 0.8+0.8 0.5+05 04+04 0.29+0.29
77 14+8 1.8+1.0 0.25+0.17 89=%18 1.0+04 0.39+0.28
iV 0.23+0.23 0.21+0.19 O.2]jg:§? 0.4+04 0.22+0.21 0.10+£0.10
wzZ 50+9 20+4 2.1+1.6 235+35 19+5 5014
X SM irreducible 65+12 22+4 3.4+1.8 245+35 205 58+14
SM reducible 31+14 7+5 1.0+ 0.4 4:'3 1.7+0.7 0.5+04
X SM 96 +19 29+6 44+1.8 249+35 22+5 6.3+1.5
Data 101 32 5 273 23 6
po-value 0.41 0.37 0.40 0.23 0.44 0.5
Niignal excluded (exp) 30.3 16.3 6.2 67.9 13.2 6.7
Niignal excluded (obs) 41.8 18.0 6.8 83.7 13.9 6.5
Tyisible €Xcluded (exp) [fb] 1.90 0.79 0.30 3.28 0.64 0.32
Ovisible €xcluded (obs) [fb] 2.02 0.87 0.33 4.04 0.67 0.31
Bruce Schumm SUSY-After-Higgs; UC Davis 2013 21
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3 Lepton + MET Analysis

%‘5”'3'_""|""|'"'|""|""|""_ %‘3”'3_""|""|'"'|""|""|""_
ol T ATLAS Preliminary == Cbserved imit {+1afe) ] ol T ATLAS Preliminary =— Obsesved imit {+1afe) ]
£ s00[- [Ldt 20.7 i, (3-8 TeV —-—- Expeciedimiliticg) 2% ssn - [Ldt 20.7 6", 58 TeV ——-—- Expecied Imit (210} ]
5 TOUENTE ATLAS 1300°, E-B TV [ rn-w'sz's ATLAS 120m" {E-23 TV
B #lv gt ||ll'|-'l-|: Al s & 55% CL ] B rnx AN limits af 95% CL ]
o[ -y ' - 200 [ : p -
- T . - { oy g, .
C ] - & o W ]
300 |- ] 150 [~ . R ]
- ] N {F, - ~'F‘?'-:- g .
200 - 100 |- f -

100 [ |II ’! . 50 y - .

! . 1l .

D _I L L1 I L L1 I L L1 L I L L1 L I L1 I:Ill Ii L L I_ D d.I L L1 Ll L1 I L L1 L I L L1 |‘ I EI .. L I L1 L I_
100 200 500 400 500 600 700 00 150 200 250 300 350 400

m. .. [GeV] M. .. [GeV]

(a) Decay via sleptons (b) Decay via gauge bosons
Limits ~600 GeV when sleptons are accessible
Softer limits without sleptons (vector boson BFs)
Still at the ~1/2 TeV scale for now
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The One that Almost Got Awa

Exploration of non-excluded pMSSM points revealed that a Heavy chargino
scenario not considered!

Significant Z-mediated production of x,%:° if they contain significant higgsino
admixture

Accessible right-handed sleptons =» 4-lepton final state dominant

ppaﬂﬁ%ﬁfﬁf%fﬁFﬁfF

[ gyl 80 TTTT TTTT TTTT s T rTTT TTTT TTTT TTTT
. L LR L L ERARAS RAARY RARAN AR

N2N3 l l ﬁ i ! ATLAS Preliminary
pl’OdUCtion g 70 i/ JLdt=2D,?fb'1. 1s-8TeV
- %A“ o= My i
RPC fﬁ X OF e :E:z“i‘;:*m:?”? .

~ )

X9 - - = - 2 Observediimit (+105%)
SV e S — Expected limit (+10,,,)
B Al limits at 95% CL

40 - -
- 30 [ ]
g:l: X,El n

R 1 A
20 — —

II|II|IIIIII||II||IIIII|III|III|II|II_
160 200 250 300 350 400 450 500

I (= m. [GeV]
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oressed Scenarios in Weak Production

2 T === ovserveasmit (s102%") M (GeV) Madel 2403883
&) 'E ! 4
;; ssol 000 v { e Expected limit (=10,_) 4000
B LeP2 7 (1035 GeV) e
: 3200 Pem A
f : = X! g
Lat=471 - T . _—
fs=7Tev - 2400 L di’ .;.2
pMSSM, 3 leptons \\ N . |
M, = 100 GeV, tank = 6 =TI 1600 =
m,‘=(ml .ml’yz —> L I.iJz
800 T
— _—ER_—{'J_ l:":'
13| 4= = e e
,1111—37\1 ‘LH'Z
150 200 250 300 350 400 450 500 b
u [GeV]
What to improve? (AnadiCanepa, ATLAS)
— Coverage of compressed scenarios using
* |ow pT leptons 4 h -
i and perhaps also ISR-
» SS like search ( P P
enhanced events?)
* mono-jet like search
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B Ligas in EW SUSY Decay Chains

BRANCHING RATIO K,

Very important final state!

* Current sensitivity is very limited
so dedicated signal regions are

required

» Searches in the bb and tau-tau
decay modes of the higgs are on- MI=50GV) MU Gev] -
going s

Ay = -2my, tanfi = 10, w> 0, m = I72.6 GeV

* Combination will be boost the o R
i - . 1207.4846
overall sensitivity B \“‘“\; 4__ 3
* Once finalized, search results & o ;__\__'_.___,_ﬁ.._;_:____
should be presented in the - NS
==
context of the pMSSM 7 T
L1} 10K AR My %EM?IGEFJ S0 000 il Lk
4/16/13 Anadi Canepa (5USY Workshop) 12
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In Search Of: Light 3" Gene

~~

Maximal mixing for 3" generation: b 1.7, naturally lightest sfermions

Naturalness suggests they might well be accessible

~1/200

Low cross-section to single chiral state (e.g. o gmino)

stop-L

Challenging signatures with high backgrounds

Look for leptons, E;™5, b-tagged jets
Make use of kinematic variables (A¢;, yier Myy)---)
Stop can be more difficult than sbottom (softer jets)

» Gluino mass limits can be compromised if stop dominates
decay chain

A A
2
s 1
% S Bruce Schumm SUSY-After-Higgs; UC Davis 2013 26




Direct Stop

Production

Assume left-handed stop only accessible colored state. Look for decays through

°ty,
* byt with %,* = W) »,%; assume some y,* mass (e.g. 150 GeV)

400

350

m.. [GeV]

300

250

200

150

100

50

0

f,ﬁ plodumjc:un,ﬂ . t?_f'

ATLAS Preliminary

- 1-lepton + jets + E";_""

J'L @ =207 {5=BTeV

thesary

— — Expected limit (=1¢,,,)

Expected limit (HCP12)
All limits at 95% CL

e it s SUSY
Observed limit (=1 g==") 4

200 300

400

Eﬂt\/bdti

Some lack of coverage in “compressed” zones.

800
m; [GeV]

m. [GeV]

250

200

150

T, production, T,—= b+, 77— W' 5, m = 150 Gev
T | T | T | T | T | T | T

= Expected limit (£10,,,) T
Expected limit (HCP12)
All limits at 95% CL

- ATLAS Preliminary

| 1-lepton + jets + E’;’m

i f Ldt=207 15" V=8 TeV

-----------

m_, =150 GeV
X1

[ | [ | P B |

Limits around 600 GeV for ty,% 500 GeV for by,*

Bruce Schumm
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200 250 300 350 400 450 500 550 600
m. [GeV]
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Results

1, production Status: March 26, 2013
i

;‘ 600 [T T T T[Tt 1o o i I I L I Y B B B B O
[ . ATLAS Preliminary Ly=1321fb'Ys=8TeV L, =47 {s=7 Tev |
- e OL ATLAS-CONF-2013-024 0L [1208.1447] -

O == 0Lt
— - o — 1L t—t 1L ATLAS-CONF-2013-037 1L [1208.2530] —
T 500 | wmmm Observed limits B 2L, fja t:'_:a 21 [1206.4186] —
E - o m— H‘i‘i 5 GeV OL ATLAS-CONF-2012-171 - .
RLLLLL Observed limits {'TGM} BN 1-2&, T D—[’-x;, mf =106 GeV B 2L [1208.4305], 1-2L [1200.2102] ]
B - = 1Lt —=b#. m 2150 GeV 1L ATLAS-CONF-2013-037 - 7
[ =ma Expected limits e - b“’%.—_ ﬁ =my - 10 GeV 2L ATLAS-CONF-2012-167 - 7
400 - B 2L b m‘.cf =2x m,_cl 1L ATLAS-CONF-2013-037 1-2L [1200.2102] ]
L 0 4
; et :
300 [- _
L i -
Pl

L < -
200 — —
100 —
: Y. -

L1 | A T | [ |
200 300 400 200 600 200 300 400 200 600 700

L j —— J

m; [GeV]

Reach for by ,* analysis very dependent on ,* mass, but some sensitivity
to regions not probed by ty,° mass (avoid top in decay chain)
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&0 production, fj — I:Ea-j:f. Mg == M

L™ = 21 107", {5=8 Tav

; T T T | T T T | T T T | T T T T T T T T T T T T ]
G 1400 [~ ATLAS Preliminary ——— Expected limitz1c,,
£ ogo [ 3 brists channel L Observed limit = 10550
n —— 3 b-jois (Exp), 12.8 17 -
1000 |— Al Eirnits a1 95% CL —
BOO | —
800 | -
C E
N £ ]
400 — 8
o -
200 = P
C . A T R S 1.3 i

Yen 400 GO0 BOO 1000 1200 1400
m, [GaW]

Gluino-Mediated Stop/Sbotto

@1000

200

m

g-g production, g— tT;'.';T, Vs =8 TeV

95% CL limits. o=V not included.

ATLAS-COME-2012-103

O-lepton. 69 jets L, =58 i)

———- Expected

m— CInEsreed
- Expected

O-lepton, = 3 bejets IL_ =126
.a.TL.AI?y-cmF-zmz-lus i —_— ':élbsar:-:;
- ——— EXpEd
S-lepions, = 4 jets L =12.8f™
.a.'rL.ql?;-couF-zu}m]qs-u it _— tghsewed
i _ - xpected
2-55-leptons, [0-3] bejets  [L_ = 20.7 f7)
ATLAS-COMF-2019-007 t Cnseryed

ATLAS Preliminary

1 [ s I |
| N N T N N B e | N N T N N NN N Y . A I N I I . | N T T N I |

500 &S00 TFOO 800 900

1000 1100 1200 1300
ma[Ge‘u']

Gluino lower limits soften to ~1300 GeV if decay chain forced to go through sbottom, stop

N.B.: No lower limits on stau from direct stau production (look for 1-2 taus plus E;™Miss

Bruce Schumm
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- The One that Got Awa

b, (521 GeV) t, (495 GeV)
X" (470 GeV) X" (469 GeV)
1 %)
|
x; [*’150 GeV) :(}_I_ {,_-152 GCV]
b (13%) ) W (22%)
Izu {315 GEV} xzn [315 GEV] . A GI
Z(27%) W* (=
t ) b'(44%) hﬂ}v‘] ( )
X," (290 GeV) Xt (292 GeV) L
b (21%) W {32%) 2% (~40%)
M=
X" (290 GeV) X,° (292 GeV) K e | (=100%)
= N, N,, C, degenerate: sb sb and st st look alike.
= Tinal states (w/o soft fermions from C,,N, decays)
tb+LSP (44%) tt+LSP (33%), bb+LSP (15%)
Bruce Schumm SUSY-After-Higgs; UC Davis 2013 30
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Final State with Photons

= 20

5 45

Arise from bino-like NLSP : i
GMSB has ,° NLSP over much of parameter -
30

space .
Pure bino NLSP: BR(y,°> — yG) = cos?0,, = 78% 20

Consider both pure bino-NLSP case as well as

admixture

B0 B0 100 120 140 160 180 200

Bruce Schumm

G

Signatures Considered:

Pure bino-like NLSP: Diphoton + MET (including
non-pointing photons)

Higgsino Admixtue: Photon + bjet(s) + MET

Pure Wino NLSP (BR(y,° — yG) = sin%0,, = 22%):
Photon + lepton + MET

SUSY-After-Higgs; UC Davis 2013 31




Bino-Like NLSP: The Dip

GGM: bino-like neutralino, tanB =2, ct < 0,1mm
%‘ 1500: T T | T T T I T T T ] T .“"I ..... |.“ T T T | T T T I T ]
. . . - ATLAS s Observed limit (+165.07) 3
Three signal regions: Two 50 GeV isolated %1400:‘ [Lot-atol Go7Toy | ===t Expected mit 1oy
photons plus: 13005 R ldded =
SRA  SRB _ SRC e T
B> 200GV 100GeV  125GeV 1100 D =
Ht > 600GeV  1100GeV - T e
i'{uﬁmin[p:"\E'%lisﬁ) = 0.5 - 0.5 1000? Ir&%\ _:
| - S 2
A: Strong production, massive bino 800k E
B: Strong production, light bino T o E
C: Weak production (SPS8 GMSB Model) 200400 600 800 1000 m‘?ggw
2
10° & SPS8: M,....=2A, Ns=1, tanp=15, cr<0 1mm
= "'I'f_"l"'l'l'l. R
£ e — omensat 5 e7 TeV data only
E_ ........ Expected Ilml (1o 0y,) E o . . C
L ATAS _SP"SB;,LOCrLSSSGC,,on— eGluino limits above 1100 GeV for all bino mass
10 E ( 1 SUSY) n E |
102 F S ,_ JLdt=4-sfb§’.\'E=7Tev—§ *SPS8 (minimal GMSB) dominated by EW
= ' : : O~/ = +ay -
0 —3 production (,%x,* and x;*x;’)
j: B ey ] *SPS8 limits suggest sensitivity to ~550 GeV
10-§_[....I....I..E. _E' . .
B 6"?Gew 3 gauginos; GGM EW analysis under development
10 B Lo b L | l!llll =
100 120 140 160 180 200 220 240 for 8 TeV data
A [TeV]
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Zpca

Coupling to gravity sector is unconstrained

Long-lived binos natural in cosmological and
compressed scenarios

Fine n-segmentation of ATLAS calorimeter
very advantageous

7 TeV data only
Require 1 tight, 1 loose photon

Fit to ZDCA distribution of loose
photon

Result begs to be combined with
prompt diphoton analysis (soon!)

Bruce Schumm

.g N EHMS Im}f (m;‘:z‘;)ATLAS Preliminag
o == Bgesd R (o™ Data 2011 (V5= 7Te)
>~ ecied Dimif + &:xp

= <72 Excluded Region

-1
Al limits 95% CL Ldt=48fb

1 L1 1111l

lllll

CRH

RRXLAR
QIS
S HRRH RS
SRRERLS]
0"”@0’0’0’0’4
RS
S

P

A [TeV]
| | | | 1
100 150 200 250
| | | | | | m(*/f;‘) [Glev]
| 1 1 1 1 | 1 1 1 | 1 1 1 1 | | 1 | 1 1 1 1 1 | 1 |
i 200 50 300 350 400 450 500
lon pomt?hD photo%_, M) [GeV]

SUSY-After-Higgs; UC Davis 2013 33




<

(‘+

Y

eLepton from chargino

eCan proceed via strong or EW production

ePhoton from photino-like component of
neutral wino

eRequire E;™ss > 100 GeV; m; > 100 GeV

Yields electron channel | muon channel
Wy 6.1733 S.Gfﬁ
W + jets 0.5+04 0.3%53
iy 22+1.0 23+1.0
fully-leptonic 7 1.5+£04 23108
semi-leptonic tf 0.02J_r§:gg 0.031%':[')?'
single top 0.2%75 04+02
WW WZ,. 27 0.9+0.2 0.7+03
Zy 0.2+0.1 0.3 +0.1
Z + jets 0.8+0.7 0.1+0.1
diphoton O.ng:; -
¥ + jets 0.1+03 -
total predicted 13.0+£34 15.1 £3.6
data 15 11

Bruce Schumm
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gluino masg|[GeV]

o0 2eMwinolke NLSE @

14 = Observed limit (+1c;,_.)
0EN ¥ Expected limit (+16_,)
12 f— All limits at 95% CL
1100 \ ATLAS Preliminary
1000 ;—
900E- , j Ldt=47-4.8fb"
800F V5=7 TeV
700F-
600F- gNLSP
50_IIII|IIII|IIIIIIIIIIIIIIIIIIIlIII
IPOO 200 300 400 500 600 700

g_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
o

wino mass [GeV]
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Photon + bjet(s) + MET: Higgs in t

\' Also require E;™* > 150 GeV, m; > 100 GeV
b"\\f / Model: Free parameters are gluino, x,° mass
X{f// Adjust M,, u (u < 0) to maintain
L Soor BR[y,® — (v,h,2)G] = (56,33,11)%
/ Probe strong scales to 900 GeV, weak to 350 GeV

First SUSY analysis with final-state Higgs!

Also can have u >0 o 1100 e ke hetralng. el Koy

S 1o00E f k. =

To explore this, are creating grid with 2 ook .

E | _E

BR[Xlo — (’Y,h,Z)G] = (50,2,48)% E 300:; E()bserved limit (+10525") =

O 70[}3— ---- Expected limit (x10_,_) —E

Few b-jets or leptons 600L.  Alimitat96%CL ATLAS E

=>»Photon + njets + MET is final 500F- J'Ldt=4-?fb'1 -

neutralino-NLSP-inspired signature to 4001 - s e E

be explored 00556506406 506 606 700 806 50" 1000

> Neutralino mass [GeV]
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Disappearing Tracks!!!

, %i* decaying into X,"+m

high-py charged particle
interacting with TRT material

low-p; charged particle scattered
\ in materials resulting in badly
\5 measured track p;

reconstructed track
‘ true particle track

Pixel SCT TRT

ATLAS Preliminary

(5 —e— Data
5103 ‘2. Total background
S E:?Tev,fLm=4_?m" ........ Hadron track background
S10°E%,  J Electron track background =
= B ™ -100GeV, T, =02ns 3
10k m. = 1mGe‘|I't_1Um_§
= m=200GeV, T =10ns 3
- * # .
10'E ‘“H\ =
— "\ -
1{]'25 |
103 , : '
¢ 10 20 50 100 200 500 1000
% track P, [GeV]

B & Bruce Schumm

AMSB: Chargino/Neutralino

naturally quasi-degenerate
» Long-lived states

» Asymmetric decay

=>» Disappearing tracks

=>» TRT is critical component

Exclude 0.2 < M , <90 ns for M

. <90 GeV

;‘ 1 40 _'_ I T T T T T1TIT | T T T T T 1017 | T L
8 B (mAMSB m 2<32TeV m,<1.5TeV, tan=5, p>0
‘g;: ’ 30: —e— Observed 95% CL limit
- S e Expected 95% CL limit
O Vs=7TeV, JLdt =4.71fb Expected (+10)
1201 ATLAS Preliminary arXiv:1202.4847
110 ) -
- 5fb? .
100F- . —
go_l Lol g Lol I s 1
102 10" 1 10 10
T_. [ns]
36
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> No discoveries claimed

» SUSY scale pushed up to 1500 GeV for standard scenarios

> If only gauginos or 3" generation squarks accessible, limits in
500-600 GeV range

» Light stau with interediate (~1 TeV) gauginos is a challenge

» Many analyses have yet to update to 20 fb-tat 8 TeV

» Have ~2 years to continue looking for holes in coverage

» As gaps become more contrived, motivation may wane

> 14 TeV will be welcome, but maybe we’ re getting a little jaded.

» Pray to the Goddess for new states!
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