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Introduction and RPV SUSY SUSY Search Summary
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: ICHEP 2014 V3=7,8TeV
Model emTY Jets EYS [ranm Mass limit Reference
MSUGRA/CMSSM o 26jets  Yes 203 |@E 17TeV m(g)=miz) 1405.787
MSUGRA/CMSSH Tep  36jets Yes 203 |& 1276V anymi) ATLAS-CONF 2013062
MSUGRA/CMSSHM 0" 7i0kls Yes 203 |& 11TeV anymi) 1308 164
i 0 26jets  Yes 203 [ 850 GeV. mriﬂ‘)-ocwv, (I gen.gjem(2* gen. 3 14057675
0 26jets  Yes 203 |& 1.33 TeV. 1405.787
= Teu 36jets Yes 203 |E 1.18 TeV. ATLAS-CONF-2013-062
0 (N/[v/vv)x. 2ep 0-3jets. - 203 |& 1.12TeV ATLAS-CONF-2013-089
2 emsa"?msm 2o 2djels Yes 47 2084608
K GMSB (£ NLSP) 1 2{¢lﬂ I3 02|E‘s Yes 203 |& 6 TeV 1407.0603
-§ GGM (bino NLSP) Yes 203 |& 1.28TeV. ATLAS-CONF-2014-001
£ GGM (wino NLSP) T u - Yes 48 ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 15 Yes 48 211116
GGM (higgsino NLSP) 2 e‘u ) 03jets Yes 58 ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 105 m(G)>107* eV ATLAS-CONF-2012-147
0 3b Yes 201 13 1.25TeV. m(ﬁ)dﬂn GeV 1407.0600
0 7-10jets  Yes 203 |& 11Tev V\) <35 1308.1841
Otew  3b Yes 201 |E TV miihiocer 14070500
0-1ep 3 Yes 201 & 1.3TeV m(F})<300 GeV 1407.0600
2h Yes 201 by 100-620 GeV. m(i)<80 GeV. 1308.2631
2eu(SS)  03h  Yes 203 |h 275:440 GeV. miE})=2 mii?)
N -2b s 47 i m(F1)=55 GeV' 1208.4305, 1209.2102
2ep 0-2jets  Yes 203 |7 130-210 GeV m(Ey) =m(F,)-m(W)-50 GeV, mi)}<<mi(¥}) 14034853
2equ 203 |iy 215-530 GeV' Ly 1403.4853
2h Yes 201 i 150-580 GeV' m{f) )<2ﬂn Ge\L (T )-mii)=5 GeV. 1308.2631
Tep 1b Yes. 20 |i 210-640 GeV' 7 1407.0583
Yes 201 i GeV. L 1406.1122
monojotictag Yes 203 |1 90240 Gov i sscoy 14070608
2e.u(Z) 1h Yes 203 | 150-580 GeV m(E})>150GeV 14035222
Bep(?  1h  Yes 203 |@ 290600 GeV' m{i1)<200Gev. 1403 5222
Todon, 1T, 2en 0 ves 208 |7 90:325 Gov mirocer 1409 5294
XJ{I,)'{. ﬂ?vu‘w 2ep 0 Yes 203 | 140-465 GeV' GeV, mil, v)ﬁ S(MW ]«WV(\J) 1403.5294
it 2r S ves 03 |3 100-350 GeV SimiE i) 14070350
Sep 0 Yes 208 |Eh 700 GoV @)-0. L 9-0(mE o) Ja027029
23eu 0 Yes 203 |Fukh 420Gev. ) i, soon ool | 1403520 12028
Teu 26 Yes 203 |Ehib 285 Gev. £ 1m(E), i), splon deoupled. | ATLAS-CONE 2013089
4en 0 Yes 203 | Gov (.m0, m. O SN 4055
Direct ¥1 ¥} prod., long-| IweXm Disapp. trk 1 jet Yes 203 & 270 GeV. e Ti1)=02ns. ATL
Stave,soppa  Unaaro 0 tsels Yes 279 |& 832Gev m(F)-100 GeV, 10 s <1000 13106504
S8 GMSE. TG, longined T C e a7 oacrihiez os 6010
S G g PV pdispl i - S 03 |d 10Tev. 5 Ser 1o, 81, miE)=105Gev | ATLAS CONF 2013052
LFV ppsc + Xosrme s 2en - T s ez
it X T teptr - - s werzrerz
> B\I\nsar RPV CMSSM 26,u(88)  03h Yes 203 |@.& 1.35TeV. 1404.2500
& it et e - Yes 203 |Fp 750 GeV. 14055085
howd o e Sewst - Yes 203 |B 450 Gev. 14055085
444 o 67 jets. - 203 & 916 GeV. BR(1)=BR(5)=BR(c)=C ATLAS-CONF-2013-091
G, fiobs 2e4(88) 03h Yes 203 |& 850 GeV.
Scalar gluon palr, sluon—q7 0 4@ - 46 |sowor 100287 Gev. inl it rom 11102633
g Scalar gluon pair, sgluon—i  2e4(SS)  2b  Yes 143 | suon  350-800 Gev. ATLAS.CONF-2013.051
'WIMP interaction (DS, Dirac x) 0 monojet  Yes 105 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
L
Vi=8Tev 1
full data

Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1cr theoretical signal cross section uncertainty.
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Introduction and RPV SUSY

SUSY Search Summary

New Perspectives: SUSY is not just around the corner

Buchmuller (2008) [1]
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“No reasonable person could view these figures together
without concluding that we need to change our perspective.
But, what new perspective is called for?”
— M. E. Peskin, Lepton-Photon 2011 [3]
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Introduction and RPV SUSY R-Parity Violating (RPV) Supersymmetry

Hiding Supersymmetry through R-Parity Violation

The RPV superpotential

Direct decay of sparticles to SM particles can occur in R-parity violating
(RPV) SUSY via three general terms:

@ Lepton number violating (LNV) term: LLE via \; (multileptons)

1 _ _ 1 o
WRp = §>\ijkLiLjEk + )\gjkLinDk + E)‘g'kUiDjDk + HiLin
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Introduction and RPV SUSY R-Parity Violating (RPV) Supersymmetry

Hiding Supersymmetry through R-Parity Violation

The RPV superpotential

Direct decay of sparticles to SM particles can occur in R-parity violating
(RPV) SUSY via three general terms:

o Lepton number violating (LNV) term: LLE via A;; (multileptons)
o LNV term: LQOD via )‘uk (leptons+jets)

1 _ _ 1., ~ ~ -
Wg, = 5,\,~,~kL,-L-Ek + NpLiQiDr + —A;j’-kU,-DjDk + kiLiHp

@ Baryon number violating (BNV) term: UDD/ X’ ik (multijets)
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@ Baryon number violating (BNV) term: UDD via Agk (multjj

o Bilinear lepton-gaugino mixing term: LH via
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Introduction and RPV SUSY R-Parity Violating (RPV) Supersymmetry

Hiding Supersymmetry through R-Parity Violation
The RPV superpotential

Direct decay of sparticles to SM particles can occur in R-parity violating
(RPV) SUSY via three general terms:

@ Lepton number violating (LNV) term: LLE via \; (multileptons)
o LNV term: LOD via )\l]k (leptons+jets)

1
WR = 2)\z]kLLEk + N kL Q]Dk + )\l]k D + k;L;H>

P

e Baryon number violating (BNV) term: UDD via N (multijets)

ijk
@ Bilinear lepton-gaugino mixing term: LH via s

The UDD term (>\Uk) is generally least constrained via collider experiments, in part
because the all-hadronic decays are hard to constrain.
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ATLAS Searches and Results Overview

Hunting for RPV SUSY: the signals that we’re after

o Multilepton production from neutralino LLE (\;) LNV decays
o Prompt production of many leptons and large EX* and Mg

o Multijet production from gluino UDD ()\gj’-k) BNV decays
e Massive multijet final states, very tough background estimation
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ATLAS Searches and Results Multilepton search

Multilepton search
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

Concept: Look for events with 4 leptons (at least 2 ¢ or 1) and significant
ET" from v’s. Separately consider > 0, 1, 27 events.

@ Veto low mass (my, < 12 GeV) or

myy ~ my events for same-flavor, 3 1PEATLAS  smonoza tomswie  mromsw o
opposite sign (SFOS) lepton pairs B Fesrer [La-zsn’ -Eim =§\% i
o Estimate reducible backgrounds é 10:+ _______________ T vl e 7)=450.0) Gov 3
(>1 fake) from data Yol e
o Estimate irreducible (mostly SM) w7z
backgrounds from Monte Carlo 10'e
(MC) 10'%
6\ L 1

T I N EEE
100 150 200 250 300

o

. miss . miss Epee [GeY
Higher Et " selection (ET > 100 GeV vs. 50

GeV) for events required to have 1 7.
Signal regions for RPV signals add
Mg > 400, 600 GeV selection
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ATLAS Searches and Results

Multilepton search

Background estimation and validation
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

% 60F ATLAS . Data 2012 3 10° E ATLAS N Data 2012
S C 4 VROZ  Z:Total SM 0] E 4 VR2Z  4sTotal SM
o E (s=8Tev |Ldt=2031b Reducible S, 5F (s=8Tev |Ldt=20310 Reducible
™ E mzz © 10" mzz
2 E -:{vs%z £ F
g E = ioes g 10°F
i WV o E
E 10 E
2 s
0
10" =
0 e E
& °F) ' a3
'y 4 + | E
Al Q E
§ ‘ g
S 00 5 10 15 20 25 30 35 40 45 50 g 00 100 200 300 400 500 600
E7 (Gew) m,, [GeV]
N(0) N(7) Z-requirement B2 [GeV]
VROZ >4 >0 SFOS <50 -
VRI1Z =3 >1 SFOS <50 -
VR2Z =2 >2 SFOS <50 —~

o (Left): Validation of the MC estimates for the irreducible backgrounds
o (Right): Validation of the data-driven estimates for the reducible backgrounds
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ATLAS Searches and Results Multilepton search

Signal region observations
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

D [ = B L B B B > U L A R B N
8 ATLAS SROnozb ¢ Data2012 4 Total SM 3 8 10° E ATLAS SRonozp # Data2012 44 Total SM =
p=4 Reducible Nz ] = E Reducible mzz E
9 10°Efs=8Tev J.Ld|=2o,3vb" Wiz Bz | w [ fs=8Tev jl.m:zosm" Wiz Wz 7
= Higgs W 3 P [ Higgs W B
8 =%, b0, M, 7)=(600,400) GeV £ 10E %, hyzi#0, M, £7)=(600,400) GeV
g 10 = E 3
i} 4 E l
1 E 'E E
107 é 107 |
Vi | | | L L I 10'2; | | | | |
0 200 400 600 800 1000 1200 1400 0 50 100 150 200 250 300
me; [GeV] ET™® [GeV]
N(¢) N(7) Z-veto EP [GeV]  meg [GeV]
SROnoZa >4 >0 SFOS, SFOS+¢, SFOS+SFOS >50 -
SR1noZa =3 >1 SFOS, SFOS+/¢ >50 -
SR2noZa =2 >2 SFOS >75 -
SROnoZb >4 >0  SFOS, SFOS+(, SFOS+SFOS  >75  or >600
SR1noZb =3 >1 SFOS, SFOS+/ >100 or  >400
SR2noZb =2 >2 SFOS >100 or  >600
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ATLAS Searches and Results Multilepton search

Benchmark model limits: strong production
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)
Significant sensitivity due to unique final state and high production cross section.

S 1800
> ATLAS e
@ Multiple couplings %:f’oo [ra=msw srev A
explored independently ~ E1400F ——— 5 0 ==obsenedx 16" -
- N s e e S - - Expected 7~
o Similar sensitivity for 1200 e e :
. . 133 o g
different light flavor 1000 M0 T

Alllimits at95% CL =~
/

couplings, or heavy 800

.. -
flavor combinations sor. —
o Heavy flavor (7) cross 400
section limits are
200

I A T P P s s S

TTT[TTT[TN[TTT[TTT[TTT[TTT[TTT[TTT

significantly weaker

R
1600 1800
mﬁ[GeV]

a1 M
600 800 1000 1200 1400

Reconstruction efficiency drops significantly when the X(l) is significantly less massive
than the g and becomes boosted.
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ATLAS Searches and Results Multilepton search

Benchmark model limits: weak production
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)
Sensitivity drops for lower cross-section weak production scenarios.

pp - KK - w W v

oIfmo>02mithena S FTAMAs T
lower limit on wmo -like %:OOO:_ Jro=203m =8 Tey e _:
charginos of 450 GeV is € gool. —— M0 ==Obsened ¢ 16") o - B
observed FT el T ]

o Similar sensitivity for 600 A #0 \\/ -~ “’ ’ A
different light flavor pmenemer P i ]
couplings, or heavy 400 e - ] -
flavor combinations - ‘ i ]

e Heavy flavor (1) cross 200 / ]
section limits are C / P ]
significantly weaker 6300 400 500 600 700 800 600 100[0 1100

me GeV
A limit of 400 GeV can be placed on sneutrino masses for RPV models with electron
and muon decays of the LSP.
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ATLAS Searches and Results Multijets search

Looking for SUSY in multijet events

RPV gluino 2 x 3 jet search (arXiv:1210.4813)
x]1 3

1001 ATLAS
SR1m*® > 60 GeV, 1,,<0.7
=e— Data, (s=7TeV
«« Multijet (Pythia)
« Multijet (POWHEG+Pythia)
reiemiee. RPV gluino (ma =100 GeV)

80

Number of jets

60

40

20

.“; o o "
HH\;‘H\HH\HH'LAAA._J-

0 50 100 150 200 250 300
Jet mass [GeV]

Two approaches to background

discrimination:

. . Singe jet mass from merged
@ Resolved jet counting method . £ { £
gluino (g) quark decay products

o Merged jet resonance method
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ATLAS Searches and Results Multijets search

Background discrimination
RPV gluino 2 x 3 jet search (arXiv:1210.4813)

a  F 1 @ S
S 0.25- ATLAS . S F ATLAS 4610, 5=7 TeV ]
2 [ SR1 preselection m* > 60 GeV ] 2 S —e— Daia 9
g [ === Data, \s=7Tev 1 w10 Background E
£ oo Multijet (Pythia) 1 5 E o o E
'-é s Multijet (POWHEG+Pythia) 4 > "l —&~ Signal, m=200 GeV 7
< t RPV/gluino (m_ =100 GeV) 1 o 10, —o— =
E 1 € E —— 4 Signal, m=400 GeV El
L 1 S £ —— 3
0-15; 7: =z 10° ;V7—V— o  —¥ Signal, m=600 GeV -
[ 1 F — 3
0.1~ ] 10?2 - f— =
[ ] E = E
L ] L :Q—i‘Ti 7
0.051 7 10¢ ==_
L AT o L S P R R B B I B
Cb3 04 05 06 0.7 08 0.9 1.1 80 100 120 140 160 180 200 220 240

Leading jet T,

Minimum jet p, [GeV]

o Merged — Left: In addition to jet mass (previous slide) use shape observable
called “13,” (estimates subjets in jet) to select signal

o Resolved - Right: Focus only on jet multiplicity (no 3-body mass) and
estimate by projecting from lower jet multiplicity bins
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ATLAS Searches and Results

Multijets search

RPYV gluino limits: boosted + jet counting

Boosted RPV gluino search (arXiv:1210.4813)

[T T T T T T T T T T
~~~~~~ Exp Limit (Boosted) .zm Exp Limit (Boosted)
—— Obs Limit (Boosted)

— — Obs Limit (CMS 2010)
-~~~ Obs Limit (cMs 2011) [l]3G Cross-Section (NLO+NLL)

[[J#2 o Exp Limit (Boosted)

60) [pb]
g,

py
QU

o (pp - 99 -
=
<

All limits at 95% CL

J' Ldt=14.61b"(5=7 Tev

.
2

[y
o

. mm\\\ el vl vl

ATLAS
L b b b b b by Ly
100 150 200 250 300 350 400 450 500
m; [GeV]

Boosted limits (jet mass and substructre)

—_ 6
QP T T T T T T T T T
27 F e Exp Limit (Resolved)  [{1+10 Exp Limit (Resolved)
—— Obs Limit (Resolved)
5
T 10%E — _ obes Limit (oS 2010) [[J#2 o Exp Limit (Resolved)
1 -~ - Obs Limit (cMs 2011) [l]3G Cross-Section (NLO+NLL)
A
o 10*

All limits at 95% CL

J' Ldt=4.61b"5=7 Tev

100 200 300 400 500 600 700 800
m; [GeV]

Resolved limits (jet counting)

o Both analyses exclude top-mass region (non-trivial!)
@ Resolved analysis uses very tight selections and relies on MC to model jet multiplicity —

excludes up to mz > 666 GeV
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ATLAS Searches and Results RPV Gluino cascades at 8 TeV

Extending the search at 8 TeV

ATLAS-CONF-2013-091

Gluino (g) pair production, decaying with g — gq, ¢ — )Z?q, )2(1) — 3q

A natural, UDD RPV model: final
state characterized by many partons

e Between 10 (light quarks) and 22
(tops) partons in final state

@ Very challenging environment!
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ATLAS Searches and Results

RPV Gluino cascades at 8 TeV

Updated multijet search for 8 TeV

ATLAS-CONF-2013-091

ATLAS Preliminary

26 jets,2 1 b-tags

Events / 20 GeV

Data {s=8 TeV, 20.3 fby
Projection from 3 Jets

Projection from 4 Jets

10°E

Projection from 5 Jets

Events / 20 GeV

m; = 1000 GeV

27 jets, 22 b-tags

LI R B B
ATLAS Preliminary ® Data {s=8 TeV, 20.3fb"
O  Projection from 3 Jets
Projection from 4 Jets
A Projection from 5 Jets

,,,,,, mg = 1000 GeV

Ratio To Data

Ratio To Data

o New for 8 TeV: use b-tagging information to estimate branching ratios

60 80 100 120 140 160 180 200 220 240

100
Jet P, Cut [GeV]

of various RPV decays to different flavors

D. W. Miller (EFI, Chicago)
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ATLAS Searches and Results RPV Gluino cascades at 8 TeV

Multijet search results for 8 TeV
ATLAS-CONF-2013-091

pp - @3- 10q, BR(c)=0%
pp— G364, BR(C)=0% J'L dt~20.4 b5 = 8 Tev o 300 Gev J- L dt= 2035 =8 Tev

X,
<789 <802 | <811 <ty
(<881) | (<896) | (<906) | (Crrii MCEE:)

<789 <802 <872
(<857) | (<878) @ (<894) (<925)
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BR(t) [%]

[e]
o
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<769

(< 903)

o]
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< 666 ISS17SVE0 < 831
(<s14)  [NEBAS)N INEEE) (<913)

<680 <681 [NENES
(<794)  (<823) |NSNSGOF (< 907)

<917 <890 | <734
(<853) [(<832) 1| (<852)

0 20 40 60 80 100
ATLAS Preliminary BR(b) [%]

40

<876 <797 <895
(<932) (< 959) (< 1004)

Observed (Expected) Mass Exclusion [GeV]
Observed (Expected) Mass Exclusion [GeV]

0 20 40 60 80 100

ATLAS Preliminary BR(b) [%]

@ Set limits in the branching ratio plane: BR(¢) vs. BR(b)
o Constrain the gluino masses for given neutralino masses and branching
ratio assumptions
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ATLAS RPV Search Summary

ATLAS Searches and Results

ATLAS RPV Search Summary

% Direct ¥ ¥ pmd long-| hved}(. Disapp. trk 1 jet Yes 203 |# 270 GeV' mE)-miE)=160 MeV, r(¥1)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped 0 15jets  Yes 279 |& 832 GeV m(F1)=100 GeV, 10 us<r(#)<1000 s 1310.6584
E GMSE, stable 7, 1] mn(a w 12 - - 159 10<tan<50 ATLAS-CONF-2013.058
g_ GMSB, ¥ -G, long-lived ¥| 2 Yes 47 04<ri)<2ns 1304 6310
3, %1 —aqu (RPV) 1 4, displ. vix - 208 |a 1.0Tev 1.5 <cr<156 mm, BR(i)=1, m(i})=108 GeV | ATLAS-CONF-2013-092
LFV ppsie + X.7emve 41t 2ep - 46 1,,=0.10..4 1212.1272
LFV ppsie + Xo7oe@ 47 lep+r - - 46 , 12121272
> Biinear RPV CMSSM 2e4(88) 03b  Yes 203 |4, 1.35TeV. m@=m(@), crisp<t mm 14042500
T - den - Yes 203 [d 750 GeV. m(E)>0.2xm = 1405 5086
WE Wy, Senrr - Yes 203 |E 450 GeV. v 120 14055086
—44q 0 67jts - 203 |& 916 GeV BR(1~BR(})=BR()=0% ATLAS-CONF-2013.091
i, fi—bs 2e4(88) 03b  Yes 203 |& 850 GeV

D. W. Miller (EFI, Chicago)

@ Work proceeding towards Run II

@ Many other searches done and underway!
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@ Keep an eye out for new results over the next few months
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Looking ahead to Run II LHC Startup Plan

Early Run Il Expectations

Outlook for 2015:
Early 2015 LHC Program: @ Huge increase in discovery potential
@ May: Stable beams operation with 50ns @ Suggests a strong focus on targeted searches
bunch spacing after intensity ramp-up very early
o June: Stable beams operation with 25ns @ Both short-term and longer-term efforts will
bunch spacing after intensity ramp-up depend on detector performance
e With 3 fb~! many searches reach or surpass
WJS2013 e e e
100 = — y 7 current sensitivity
ratios of LHC parton luminosities: 13 TeV /8 TeV §
/
/ S f 170000 ]
a9 / @ 10t LHCRunli N
2 -~ 5qq / [ f Cross-section ratios: 14 TeV /8 TeV E|
g g | :
g o VAR T E
2 = E 3
E 3 [ ]
= B0 E
X MSTW2008NLO 10¢ E
! 100 1000 1
M, (GeV) 1+ ]
Strong production processes see biggest increase! — L ]

Process
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Looking ahead to Run II Conclusions

A rich program in RPV SUSY searches

o A well motivated alternative avenue compared to the standard

jet+ET " °searches
o Performance of novel techniques demonstrated at /s = 7 TeV and
ongoing at v/s = 8 TeV
o Challenging background estimations but very sensitive searches
e Limits are approaching the 1 TeVrange for RPV hadronic final states
o Extending and enhancing the interpretations of results
o Increasing the phase space of interpretations by considering mixed
branching ratios and additional couplings
o Focus shifting to Run II searches
o Center-of-mass energy increase dramatically enhances strong production
processes and the potential for discovery of new resonances
o Expect RPV searches to play significant role in initial physics program of
Run II
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Backup slides and additional information Multijet search information

Control region definitions
Boosted RPV gluino search (arXiv:1210.4813)

Region ‘ Jet (J) selections Jet (J») selections  Description

Low-mass jets,

to validate 73, shape
Signal-like leading jet,
to validate m/t

Mt > Minreshold Signal-like subleading
3 < 0.7 jet, to validate mi®

jet jet
CR-A M < Minreshold m® < Mipreshold

t
m* > Mipreshold

CR-B T3 < 0.7

jet
m® < Mipreshold

CR-C mt < Minreshold

Accounting for correlations between control regions:

Ncr—
Ngr = Ncr—c X (M> X apc (D
Ncr-a
o ( Nsg / Ncr-c ) )
Ncr-B / Ncr-A / |powHEG MC

@ Syst: jet kinematic and tagging ssytematics in each signal and control region separately
o MC Syst: difference between POWHEG and PYTHIA is taken as an additional systematic
uncertainty
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Backup slides and additional information Multijet search information

Trimmed jet mass correlations (m**' > 100 GeV)
Boosted RPV gluino search (arXiv:1210.4813)

o Correlations between leading and subleading (in pjl?l) jet masses

Data Vs =7 TeV ATLAS POWHEG+PYTHIA
n

10?

Sub-leading jet mass, m’* [GeV]
Sub-leading jet mass, m” [GeV]

-
[ Corretation = 10.1%} 1E 1

10POO 150 200 250 300 350 400
Leading jet mass, m’ ' [GeV] Leading jet mass, m’ ' [GeV]

o Data: 10.1%, POWHEG: 10.9% (trimmed)

o Excellent agreement between data and POWHEG at high leading-jet mass

10P()O 150 200 250 300 350 400
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Boosted gluino mass distributions
Boosted RPV gluino search (arXiv:1210.4813)

3 3

x10

1%} L e e e e | 2 B 0 B B R o
.2 100 ATLAS - 2, [ ATLAS 1
5 F SRLmM™ > 60 GeV,1,,<0.7 1% [ sR2m™ > 140 GeV,1,<0.7 i
5 [ === Data, s=7TeV 1 5 1* =e— Data, |s= 7Tev N
2 go- - Multijet (Pythia) _ Qo [ Multijet (Pythia) ]
£ L ~ Multijet (POWHEG+Pythia) B € . Multijet (POWHEG+Py1h|a§ 4
g Lo v... RPV glulno (rTL 100°GeV) 4 2 0_85 .. RPVgluino (m_= 300 GeV B
60 : e r ]
[ ] O.Gj 7
0 ] i ]
L R 0.4j N
20 1 0.2k ]
: N L Dl ] 7 \" l ! 4

FRTNINT PR L Y r. T | Lo L TR .
0 50 100 150 200 250 300 100 150 200 250 300 350
Jet mass [GeV] Jet mass [GeV]

o Distinct signature of RPV g
o Incomplete “merging” of g decay products for mz =300 GeV, but still good discrimination
(peak at m'®" =~ 275 GeV)
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Backup slides and additional information Open (and closed) Answers

Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

The known world of The hypothetical world of
Standard Model particles SUSY particles

- - : . - : °
did s4 b Higgs d s b Higgsino
- Vpe VoS ~
[ v=) v) v,)
=P O
e) n x T )

quarks squarks
® leptons ® sleptons
@ force carriers ® susy force carriers
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Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

Mass of Dark Matter Particle from Supersymmetry (TeV)

0.01 cll 1.0 lﬁmn . A pOtential Dark
Matter candidate

100%

30%

- 10t
10%

Fraction of Total -Dark Matter Density

HEPAP 2006 LHC/ILC Subpanel
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Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

o A potential Dark

Matter candidate

o If R-parity is
conserved

R-Parity Violating (RPV)
q R, =+1

~
q..
'.

R,=—1.-" AR, =+1

R — parity : R, = (—1)R = (—1)25(—1)3B+L
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Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

@ A potential Dark

Matter candidate
o If R-parity is
conserved

o The potential for
unifying the Strong,
electromagnetic, and
weak forces

(Arkani-Hamed and Dimopoulos, 2004 [4])
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Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

e A potential Dark

I Clas|3|ca| Qualn tum Matter candidate
1 1 o If R-parity is
1 1 conserved
o =
) % + @ The potential for
[ [ unifying the Strong,
! ! I electromagnetic, and
1 k f
2 _ 2 _ 2A2 weak forces
- m
My (mf)o 1672 o Stabilizing the Higgs

mass
(Hewitt, SSI2012)
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Backup slides and additional information Open (and closed) Answers

Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

e A potential Dark

Classical Quantum Quantum X
: : | | Matter candidate
-~ ! L.
1 | e N o If R-parity is
? = ):( + + f 2 conserved
1 1 \ ’
1 1

- : @ The potential for
unifying the Strong,

- N2A2 4 1,252 ying rons

1672 electromagnetic, and
" weak forces

2 2

Toa (mF—mp)In(A/my)e Stabilizing the Higgs
mass

3
ol

1l
N

3
=N
—
o
[y
(o)
:q

(Hewitt, SSI2012)
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Backup slides and additional information SUSY Searches

The Ingredients of a SUSY Search

A decades-old approach using jets+EF™

T
Opb): pp > SUSY 3

VS=8TeV _|

@ Squarks (¢) and gluinos (g) are strongly
produced in pairs
o Dominant production mode
o Preference for g vs. g depends on my vs. m;

My e [GeV]

Long SUSY cascade decay
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The Ingredients of a SUSY Search

A decades-old approach using jets+EF™

R B B
G, [pb): pp—> SUSY  J

Vs=8Tev |

@ Squarks (¢) and gluinos (g) are strongly
produced in pairs

e Dominant production mode

s
10 L

TR N NI WA
o Preference for g vs. g depends on m vs. m; 200 G0 000 200 b (0

o Decay chain leads to many jets and E?iss

o Frequent assumption: Neutralino ()2(1)) is
the lightest super symmetric particle and
escapes detection, creating £y

o Leptons also possible QTN
ETmiss
Long SUSY cascade decay
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The Ingredients of a SUSY Search

A decades-old approach using jets+EF™

R B B
G, [pb): pp—> SUSY  J

Vs=8Tev |

@ Squarks (¢) and gluinos (g) are strongly
produced in pairs
e Dominant production mode

s
10 L

TR N NI WA
o Preference for g vs. g depends on m vs. m; 200 G0 000 200 b (0

o Decay chain leads to many jets and E?iss

o Frequent assumption: Neutralino ()2(1)) is
the lightest super symmetric particle and
escapes detection, creating £y

e Leptons also possible ifv@

@ Search strategies so far have relied on @
number of jets and ET" a N
. 1 ! .
o Hr=Y pf'+ | X "t By
jets leptons
o Mg = E"rrn " + Hr Long SUSY cascade decay
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Backup slides and additional information SUSY Search Summary
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: ICHEP 2014 V3=7,8TeV
Model emTY Jets EYS [ranm Mass limit Reference
MSUGRA/CMSSM o 26jets  Yes 203 |@E 17TeV  migl=miz) 1405.787
MSUGRA/CMSSH Tep  36jets Yes 203 |& 127eV anymi) ATLAS.CONF-2012.082
MSUGRA/CMSSHM 0" 7i0kls Yes 203 |& 14TV anymi) 1308 164
i 0 26jels  Yes 203 |d 850 GeV. mriﬂ‘)-ocwv, (I gen.gjem(2* gen. 3 14057875
0 26jets  Yes 203 |& 1.33 TeV. 1405.787
= Teu 3-6jets Yes 203 |& 1.18 TeV. ATLAS-CONF-2013-062
0 (N/[v/vv)x. 2ep 0-3jets. - 203 |& 1.12Tev. ATLAS-CONF-2013-089
2 emsa"?msm 2e 24 Yes 47 2084608
K GMSB (£ NLSP) 1 zum € 02|E‘s Yes 203 |& 6 TeV 1407.0603
-§ GGM (bino NLSP) Yes 203 |& 1.28TeV. ATLAS-CONF-2014-001
£ GGM (wino NLSP) T u - Yes 48 ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 15 Yes 48 211116
GGM (higgsino NLSP) 2 r‘u ) 03jets Yes 58 ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet Yes 105 m(G)>107* eV ATLAS-CONF-2012-147
0 3b Yes 201 13 1.25TeV. m(ﬁ)dﬂn GeV 1407.0600
0 7-10jets  Yes 203 |& 11Tev W\) <35( 1308.1841
Oten  3b  Yes 201 |& TV miihiocer 14070500
0-1ep 3 Yes 201 & 1.3TeV m(F})<300 GeV 1407.0600
2h Yes 201 by 100-620 GeV. m(i)<80 GeV. 1308.2631
2eu(SS)  03h  Yes 203 |h 275-440 GeV. miE})=2 mii?)
y 20 Yes 47 |@ 106TIGEVI m(E}-s5Gev 1208 4305, 1209 2102
2ep 0-2jets  Yes 203 |7 130-210 GeV' m(Ey) =m(F,)-m(W)-50 GeV, mi)}<<mi(¥}) 14034853
2equ 203 |iy 215-530 GeV' m(] 1403.4853
2b Yes 201 i 150-580 GeV' m{f) )<2ﬂn Ge\L (T )-mii)=5 GeV. 1308.2631
Tep 1b Yes. 20 |i 210-640 GeV' 7 1407.0583
Yes 201 i GeV L 1406.1122
monojotictag Yes 203 |1 90240 Gov mipmiascev 14070608
2e.u(Z) 1h Yes 203 | 150-580 GeV m(F})>150 GeV 14035222
Beu(? b Yes 203 |ix 290-600 GeV m{i1)<200Gev. 14035222
Todon, 1T, 2en 0 Yes 203 |7 90:325 Gov mirocer 1409 5294
XV’(I,)'{. ﬂ?vL[D? 2ep 0 Yes 203 | 140-465 GeV' GeV, mil, vm S(MW ]«WV(\J) 1403.5294
it 2r S s 203 1 100-350 GeV SimiE i) 14070350
e 0 ves 203 |Ehg 700 GoV @10 10 (i () 14027028
23ex 0 Yes 203 |RE 420Gev. ) i, soon ool | 1403520 12028
Teu 26 Yes 203 |Ehib 285 Gev. £ 1m(E), i), splon deoupled. | ATLAS-CONE 2013089
4en 0 Yes 203 | Gov (.m0, m. O SN 4055
Direct ¥1 ¥} prod., long-| IweXm Disapp. trk 1 jet Yes 203 & 270 GeV. e Ti1)=02ns. ATL
Stave,soppa  Unaaro 0 15iels Yes 279 |E 832GV m(E}-100 GeV, 10 s8<r(31<1000s 13106504
S8 GMSE. TG, longined T C e a7 oacrihiez os 6010
SIS s (RPV) sl vix - S 03 |d 10Tev. 5 Ser 1o, 81, miE)=105Gev | ATLAS CONF 2013052
LFV ppsc + Xosrme s 2en - T s ez
e S P - s werzrerz
> B\I\nsar RPV CMSSM 26,u(88)  03h Yes 203 |@.& 1.35TeV. 1404.2500
& it et e - Yes 203 |Fp 750 GeV. 14055085
howd o e Sewst - Yes 203 |B 450 Gev. 14055085
444 0 67 jets. - 203 & 916 GeV. BR(1)=BR(5)=BR(c)=C ATLAS-CONF-2013-091
G, fiobs 2e4(88) 03h Yes 203 |& 850 GeV.
Scalar gloon palr, sgluon—g7 0 s - as |suen 100287 Gev. inl it rom 11102633
g Scalar gluon pair, sgluon—i  2e4(SS)  2b  Yes 143 | suon  350-800 Gev. ATLAS.CONF-2013.051
'WIMP interaction (DS, Dirac x) 0 monojet  Yes 105 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
L
Vi=8Tev 1
full data

Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1cr theoretical signal cross section uncertainty.
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SUSY Search Summary

Direct Stop (t) Search Summary

@
<}
=)

g, production, t— b £ /T~ ¢ X0/t~ Wb K /G-t
T T

Status: ICHEP 2014

L L L0 e e e B
ATLAS Preliminary L, =20 1" 5=8 Tev Ly =4.7 (=7 Tev.
oL [1406.1122] 0L (1206 1447)
1t (1407.0563) 1L (1208 259%]
20 a3 sesa) 20 1200.4186]
1L[1070583] 2 (1403 4853 -
oL [1407.0608]

0L (1407.0608], 1L [1407.0583]

[C = Observed limits
Alllimits at 95% CL

Expected limits

=47t

Lt

D. W. Miller (EFI, Chicago)

i, production, T, ~ bX, ¥~ WX, ATLAS Prelimi
T T T T T

inary, L, =20 fb’ (58 TeV, Status: ICHEP 2014
T T T T

M= mg+5GeV g 13082601 (1070683 E
20Gev 01 (1308 2631 (1407 0583]

T
150 Gy 0101308 2651) 1407 0583) E
106 GoV 12014070569 1403 4053]

E B m =100 eV 120 aos s, pavez1caly, = 47 fer v

LEP

120 {1407 088 [1105 4553 B
L2202 = 4T T T

250

<sen F

120 [1407.0585 105 4553] B
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The RPV superpotential

Direct decay of sparticles to SM particles can occur via in the R-parity
violation (RPV) superpotential, W , via three general terms:

1 = _ 1 o
Wg, = E)\ijkLiLjEk + )\gjkLinDk + EA;jl'kUiDjDk + rKiLiH>
@ Trilinear baryon number violating term: UDD j

The UDD term is generally least constrained via collider experiments, in part
because the all-hadronic decays are hard to constrain.
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Luminosity in 2011 and 2012

_ y = 180F T T T T pa
2 35;ATLAS Online Luminosity _Q' E ATLAS Online Luminosity 9
% F ——2010ppVs=7Tev ‘g 160; m VE:STSVJLG(:ZD.S b, <u>=20.7
.‘é :igl;‘;‘;ﬁ:;l;", z 140? B3 \B=7Touflat=5210" o= 0.1
3 g 120p E
3 € 100E E
5 = = E
2 5 goL E
& k<l E E
S 60 =
ko3 E |
T 40— =
£ 201~ E
C: TR T 0:
ot ot W ot 0 10 15 20 25 30 35 40 45
Month in Year Mean Number of Interactions per Crossing
2 S0OETTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 45 \s=7Tev \s=7Tev Vs=8TeV
8 = ATLAS
5 E Online Luminosity .
= ﬁ
2 E E
S 30 B
= E
8 o5F- g3 ¢ 2
2 E 4 oo
£ 20 .
w E °
g 5 v .
10E- .
sE- ot
E o s 3
E co o b e g
s et odt et et b odt gt et oct
Month in 2010 Month in 2011 Month in 2012
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Bunch structure information

Colliding Bunches

o L L
1800 = Ns=7TeV \Ns=7Tev Vs=8Tev —
1600E-Online Luminosity

= u e ——
.
- .
- .
. s =
= =
. .
. = . -
sns " =
fuH.;HHHH‘Hl!‘!.‘-‘-!-‘

Month in 2010

Mt 0 o gan pet W ot

0 opet w\ oct

Month in 2011 Month in 2012

LHC (1-RING) = 88.924 ps

LHC and ATLAS Performance

72-tunchesat
250s Spacig

3-bateh

N/

N

~
~2

Ps = 111 srg
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4-bateh

\x Bunch Train Pattern

234 334 334 334

Filling Scheme

3564 =

2x (72b + 8e) + 30¢ + 3x(72b + Be) + 30e + 4x (72b + Be) + 3le +
3x {2x [ 3x (72b + Be) + 30e] + 4x (72b + 8e) + 31e } + B0e

Beam Gaps

T, = 12 bunch gap in the PS (72 bunches on h=84)
T, = 8 missing bunches (SPS Injection Kicker Rise time = 225ns).

T, = 38 missing bunches (LHC Injection Kicker Rise Time = 0.975ps)
T, = 39 missing bunches ( . 1.045)

Ty = 119 missing bunches (LHC Beam Dump Kicker Rise Time = 3ps)
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. . !/
Limits on \
From Barbier, et al. [5]

Table 6.1 (continued)

R. Barbier et al. | Physics Reports 420 (2005) 1195

RPV coupling limits

1

Charged current Neutral current

Other processes

A

Ak

A2

1.45 [Ry] (6:41)

(7t = 100 GeV)
146 [R]] (6.41)
(7t = 100 GeV)

1.46 [R;] (6.41)
(1 = 100 GeV)

1072 5= 1/2 [m, < 1eV]
(7] %y = 1imy) (5.12)

4x 107 i~/ [m, < 1eV]
7] Bay = rimp) (5.12)

(1078-10"T)(108s /o552
it} (6.128)
1076 [NN] (7 = 300GeV) (6.131)

6x 1071752 (m32/1¢V)

[p— K*Gl(6.121)

8x 10717 ¢ 5% (Fa /10" GeV)
[p— K*a)(6.122)

1073 [NN] (i =300 GeV) (6.131)

125 [RG]

5 [RG]
125 [RG]
125 [RG)
428 [RG)

2.1 % 1073 [ii] (6.129)
112 [RG)

2.6 x 1073 [nii] (6.129)
112 [RG)

A0~ jid-10-8

x(m3p2/1eV) [p — K*G1(6.123)
X(Fg /101 GeV) [p — K*al (6.124)

We use the notation V;; for the CKM matrix, Ry, Ry 1. Rp.
the text, Qy for the weak charge, vg.
renormalization group, A for forward-backward a
and NN for two nucleon nuclear decay, [K K ], for K” — K” mixing . Tl

. RY for vi

fous branching fractions or ratios of branching fractions as defined in
. i forthe neutrino clstic scatering on quarks and leptons, i, for the neutrino Majorana mass, RG for the
ety 0 (C) forstomic physics parity violstion, i or eatzon-entintron asfllation

di. j.krunover

while those

denoted I, m. n run over the first two generations. The dependence on the superpartner mass follows the notational convention i” = (rizy ).
Aside from a few cases associated with one-loop effects, we use the reference value s = 100 GeV. The quoted equation labels refe to cquations in

the text.
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