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“This could bé the discovery of the century.
Depending, of course, on how far down it goes”
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L ecture Part Il

"Theories are like fishing : only he who casts can catch”

Novalis (1772-1801) Part lic: R-Parity Violated, Long-Lived

Particles, beyond MSSM

M
1TeV |
The “Nuclear Famp
of the Hi l
mlssm
006l or not if %PV _
- Part lla © RPC 1. Low Am, tiny RPV, weak coupling to G
wl i+ Weak SUSY Long Lived or meta-stable sparticles
& 2. ‘Sizeable’ RPV

bV EER AR feva uu.

«— Closeness to Higgs

Multileptons, No Z, jet resonances, LFV
3. MSSM Extensions?
Scalar Gluon

. Un-natural SUSY ?
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Lecture Part lic

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (Lecture lla,b) vs RPV (here)
3- Open or compressed spectra

Part llc: R-Parity Violated, Long-Lived
Particles, beyond MSSM

(missing)

. Low Am, tiny RPV, weak coupling to G
Long Lived or meta-stable sparticles
2. 'Sizeable’ RPV
Multileptons, No Z, jet resonances, LFV
3. MSSM Extensions?
Scalar Gluon
. Un-natural SUSY ?
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Long -Lived Particles

 Apart from LSP other particle could be long-lived :

. Very weak coupling with G=LSP [GMSB] :
. Lifetime proportional to A2,A2, A"-2 [R-Parity violation]

=> Non pointing yor Z

=> Displaced vertex if A, A’, A"~0(10°)

1
2
3. Low mass difference, e.g AM(X;*-X;°)~100 MeV [AMSB] = Low p emitted, kinked track
4

. Stable Massive Particle (mix of 1 and 3)

= Stable R-hadron (g or ), sleptons

MetaStable Detector Stable
disappearing (kink) stable massive
track - _ | particle

Non pointing displaced _-"" | slow (<1,
yiZ vertex | long time
_ T of flight) penetrate
o~ i a detector
O(1-100)mm O(10) mm 0(100) mm > O(1000) mm decay length

A huge effort to cover all possible signatures
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Metastable Particles (1)

1207.0627,1212.1838, 1304.6310

K

L Non pointing photon could have several signatures
= For all studies assume strong production, GMSB and NLSP bino-like = x,°2>yG

CDF Calorimeter (ff, tf)

4

Delayed ¥

Prompt y R, (n,)

1(n,)

Late Timing arrival in the EM calorimeter (t,)
=> Need excellent calorimeter timing reso.

No pointing to the primary vertex
1.Stand-alone pointing capabilities of the
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Metastable Particles (1)

1304.6310

O Non pointing photon : some details about ATLAS stud y ®

= 2 photons (1 tight isolated + 1loose) with E; (y) > 50 GeV and MET > 75 GeV
= Timing arrival in the EM calorimeter (t,) and stand-alone pointing capabilities (z)
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Metastable Particles (1)

1207.0627,1212.1838, 1304.6310

U Non pointing photon : Summary ®
= Merging all analyses in one plot
g CMS4.91b" \s=7TeV
10 rr1r]r1:1]rvru]—1-11—§
e This experiment (4.9 fo) ; ATLAS 1304.6310
--------- expected §  — Observed Limit
108 ] obseved 1 ....Observed Limit (toy 5"
5 [ ] COFwithyy +E_+Jets (26 b") -
10 - N DO with prompt yy + £, (6.3 fb™) _§
I ATLAS with prompt 1y + B, (4.8 )] Benefit from better timing

10*

S~
<

resolution and non-pointing

3
10 of the calo

SPs8
GMSBY -7 G

Mm=2,\,tan(p)-15§ - Benefit from tighter MET
No=1,1>0 }/’ﬁ and E;(Photons) cuts
1 5

100 150 200 250 300
Neutralino Mass [GeV]

10°
10

Neutralino Proper Decay Length [mm]

Complementary approaches
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Metastable Particles (2)

1210.7451
O High mass displaced vertex with 4 tracks and a muon "
: P qu
= Assume RPV with A’;#0 > d o X
-7 X1
= Design a background-free analysis in M, ¢iex — Nirack PlaN€ SO
- Build up a dedicated tracking to | ignal effici TR
ulia up a dedicated tracking to Increase Signal etrciency q Mq

R =1082 mm

>

T 3

g S 6

Q @ >

5 &0 |

S = ATLAS

‘g ] preliminary a
[

‘§ = \s =8 TeV

3 _[Ldt =20.3fb"" 3

g ,

3 @ Data 2012 >

:u', 1 Signal MC -

=

= Pre-selection requirements only

1007 =00 |§5°|[mr§f° 3 4 567810 20 30 40
DV Number of tracks in vertex
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Metastable Particles (2)

1210.7451
 High mass displaced vertex with 4 tracks and a muon ¢« n
) p qu
= Assume RPV with A'70 > il
P \]
= Design a background-free analysis in M, ¢ iex — Nirack PlaNE >?\ 8,
. . . . . .. q
= Build up a dedicated tracking to increase signal efficiency p wq@'
q H
— 4.5 E T I T T T TTTT | T T T T T TTT | T T T TTTT
> o 10k Mg | misp | oT(m) ATLAS =
o o = Te Te =
O, 4 © - . MH o : O;/) (~0: o preliminary -
% 102 3.5 1 ; . ML w 07 ~0.1 0.10 \'s =8 TeV ;
>E< ATLAS 3 ? . HL HL 1.0 ~0.1 0.22 | Ldt = 20.3 fb™ g
% [ prafiainary [ 700 GeV squark pair production (NLO+NLL .
> " Signal region \s=8TeV 2.5 107'E : '

ILdt =20.3 fb" 2

a0z | 190 107
1 Signal MC 1 E
- Add Muon, vertex selection 0.5 10° 3
3 4567810 20 30 40 ’ R P BRE, >wi)=100% |
Number of tracks in vertex 1 10 102 103

ctT [mm]
*g=1'st, 2nd gene mass degeneracy
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Metastable Particles (3)

EXO-12-038

O High mass displaced vertex with 2 jets

q
q
= Originally developped for H>xXx—>4j with displaced x P b % :
= Use both tracker and calorimeter 4
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Metastable Particles (4)

1310.3675

4 Direct production of a metastable X,

= Motivated by AMSB, but model independent results
v X, >soft " + x,°: Disapearing track in the TRT

= Remove background : N;g + highest p; isolated track

2108....,a...|K..,1...‘,..‘.|

%yt decaying into X,"He* § 107E —*-Data(is=8TeV, |Ldt=2031") ATLAS =

. s b= afie SM MC prediction 3
10 m m, =200 GEV‘:E;O‘Q ns (Decay radius < infinile) E

high—pT charged particle 'IO5 . n11;=200 GeV, ii‘.=0‘2 ns (Decay radius < 563 mm) 'é

interacting with TRT material 10 -

o ) V._.Q-'—'.‘l-. 3

10° (09000 e -

low-py charged particle scattered
in materials resulting in badly
measured frack py

— frue particle track

Truncated | Normal tracks
tracks

* g (C1N1,C1C1) ~ 15/ 1pb for m=100/200 GeV
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Metastable Particles (4)

1310.3675

O Direct production of a metastable  x,*

5 tanf=5,u>0
1 0 1 T T T 1 LI T T T T T T T T= ’a‘ Z: Z2 -
% ! —&— Dala = 2 %
O] 4 ATLAS stttz Tolal background or 10 -
= 10 Interacting hadron A I . ]
g g memee P, -mismeasured track u
% 1 03 \s = 8TeV, Jldt =203fb = ﬂemmn 1
S o e M = 200 GeV, 7.=02ns T
iy _m.m3OOGeV =02ns 1
10 m;} _3OOGevzx_10ns
10E ., o
B T NB—24 66.3 N N
///%’ Yo i + vl ]
4 L | 7
-1 7 //y ot ul i -
10 5 ////// 4 , i
102 e ATLAS
N eeeere————" L [ [P £ \s =8TeV,det=20.31b'1 |
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ic - f ,‘“ ........... i N N FE Expected 95% CL limit (+1 G,y,)
‘:‘? 1 _5 ........................ .. ...... ‘ ............ ry %k ] fet 10 B @00 | e ATLAS (is =7 TeV, 4.7 fb”, EW prod.)
5 1 LA T $ WINNN ALEPH (Phys. Lett. BS33 223 (2002))
S 0'8 ...................... s 'L Aol e g Zz sube T
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A good candidate for minimum unnatural SUSY model
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Detector-Stable Particles (1)

hep-ph/0611040

1 3 main possibilities for colored particles :
1. Gluino is the LSP [SUSY GUT extension]
2. Very weak coupling of NLSP:Q with G=LSP [SUSY GUT]
3. Squarks decoupled or Am(g/q-x,°)~O(100) MeV [e.g. Split SUSY*]

=> If lifetime > hadronization time scale ~O(10-24)s then gluino /
squark (especially t; and b;) R-hadrons or gluinoballs can form

v

Tracker Calo Muon
Detector Stable

Highly ionising particle —— Charged --- Neutral
Slow moving (non-relativistic)
Can change sign

*Decay to LSP is suppressed because of very high mass virtual squarks
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Detector-Stable Particles (2)

3 main possibilities for non-colored particles :
1. Slepton is the LSP
2. Very weak coupling of NLSP=I with G=LSP
3. Low mass difference AM(I - X,°)~100 MeV

=» Long-lived sleptons (mainly 1,) manifest as a heavy muon,
charged and penetrating

hep-ph/0611040

» Detector Stable
» Highly ionising particle
* Slow moving (non-relativistic)

Tracker Calo Muon

—— Charged --- Neutral

Later called LLP (also find SMP, CHAMP, ...)
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O Striking signature

Detector-Stable Particles (3)

- Reconstruct mass
1.Start from one (or two) high pT isolated track 2>p

2.Measure By (invert Bethe-Bloch) from Si-track clusters
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3.Measure (3 (calo or calo+Muon Spectrometer )

3
5 200%10-, e
S 180" ATLASPreliminary &
T F Calorimeter fr
< 160 i
=] r I aaaaa 7'
= 140 # L -
Data 2011 (1s = 7 TeV) # ]
120F 4 Neancoses ] | E
100l  ©-0.090
80 MC.Zopupu
: Mean = 0.986
60 o=0.092 ] 3 e
40 3 i 4
© 05~9% (2011)% |
E .

P T - o SRR PP .
OD 0.2 04 06 08 1 12 14

i B

Muons /0.01

50/

aof

10

30

20|

qjku,i.lv.,,x i et 1 Ml ]
0.2 0.4 0.6 0.8 1 1.2 1.4

x103‘ ) l‘

T T
ATLAS Preliminary
[ Calorimeter + MS

.
Data 2011 =7 TeV) b
+ Mean

(\s
= 1.000
o =0.035

05~3.5% (2011)

S 4 B

Muons / 0.01

300|

x10

s
5
S

-

AR BAAR RARS AR
_ ATLAS Preliminary
Ldt=15.910"

® Data, 1s=8TeV

F =0908
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1211.1597, ATLAS-2013-058

Calo Muon

<« Signal

=>» Add the 2 or 3 information together and compute M =p/By

P. Pralavorio

SUSY at colliders (IIC)

Copenghagen, 01-Nov 2013

15



Detector-Stable Particles (4)

[ Event selection

1211.1597, ATLAS-2013-058

(9+q@, g+aqq, b/t + g, qq) + ISR Heavy Muon
A A
—— " ~
Requirements R-hadrons Stable R-hadrons Stable R-hadrons Stable Sleptons
(ID-only) (ID+calo-only) (Full Detector) (Full detector, 2 cand.)
Particle Type Metastable or Charged ->Neutral Charged Charged
Charged ->Neutral
Trigger MET turn-on Slow 8
Track quality do, z0, n (ID-hits)
Track kinematics pT>50, p>100 GeV pT>50 GeV
B Consistency between detectors No Yes
B < [m(g, g, I) dependent] No 0.8-0.9 0.95 .
>Optimised
By> [m(g, q, I) dependent] MIP 1.5-2.0 No
Mg range (TeV) No 0.2-1.1; 3.0 0.1-0.3
Mgy range (TeV) 0.2-1.1;3.0 No
Signal Efficiency (%) 6 [m(g)=900 GeV] 7 [m(g)=900 GeV] 11 [m(g)=900 GeV] 20
Systematics (%) 6 (S), 13 (B) 12 (S), 15 (B) 12 (S), 15 (B) 6 (S), 8-21 (B)

= Background type : high pT muons (tracks) with mis-measured B (dE/dx)

= Background estimate: generate mass spectrum from S/B<<1 =» p-templates + B (By)-PDF templates

= Signal: Different interaction models, gluino ball fractions (10%, 50 %, 100%).
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Detector-Stable Particles (5)

1211.1597, ATLAS-2013-058

J Mass distributions

= Cut and count in mass ranges.
= Background free analyses

R-hadrons: Full detector Slepton searches (2 candida  tes)
;100 P\ TTT | TTTT | TTTT I TT 17T I 3 b | I l T I T I I TT l Ill TT l I TT i IJ_ > %J [ . .
3 ATLASPreliminary- - - -+« - - - 8 Sie- ATLAS  Preliminary
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= et N B I NI RO I B R A % g - e ¢ Data, Is=8TeV
5wl b st R ? 4 I T —
= L T o c - _ ; e 3
5 700i o . ‘g 8 10;_, e gy gmsz.on:: :’4'37I:3e\:0) __:
o E . : : : : : : . : % E (A =140 TeV, tang = 10) E
OO 0 s s s e s sl " moE s os s o he} o "[ ]
g r A o e e e e g 15 . -
C o H - =
N e e £ L 3
LL o R mieEe miielie m | % - Hz--2 ~ B 7
. e e e ] 3] oL o -
400 0000 s s w . Data2011 (1527 Tev) —| —30 =2 E 1 : ==
C = Wk et " = PRTSTEN ENUSTE SPUITTATE STUTAPRE SNUPRFITI B e STUE SPAT TR SPUPRIS o AT i
300 :_ . = : - . . Background Estimate _: —{op g 2 : I ' I ] E I I ) I
EEETCI B ignal g (m= e - :@- 3F L
200 mmu . ... [ [sisiormes = —10 S f'v-.-.“ﬂ#ﬂ
L i ] e Signal region 7 OE
1 0 .- ! ! 1 I 1111 I Stk I 1111 I 1111 I 111 I 1111 I 1111 I _0 -1 ¥ 1 | I L 1 1 | | E
P00 200 300 400 500 600 700 800 900 1000 0 50 100 150 200 250 300 350 (400 4)5[% \5;0
min(m_, m e
From Calo+MuonmGev] v ms
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Detector-Stable Particles (6)

1211.1597, ATLAS-2013-058

O Model independent limits
= Just rely on the MSSM production cross-section

R-hadrons: Full detector Slepton searches (2 candidates)
E ‘l']'l‘I['II[lTI'[‘I‘(II‘ E‘ LI Il]l!l[lllll'll{lTTIIll'lITTII[TITl ;100 .ETT‘T]TT"IIT'r]’T =
& 1 ------ Expected Limit = & E \ ATLAS ... ~ — ¢} imi ;
= ATLAS 3 = IE Expected Limit & G 90 ATLAS Preliminary-
o _ Expected Limit + 16 Ro SO Expected Limit{ —_— il E
He)) [ ] expecreaimi+ 26 o i [ Expected Limit: 10 ‘mn 80 :"-.\S: 8 TeV,_[ Ldt=15.9 fb'
T 10_1 Prediction 3 (NLO+NLL) | T 1 0_1 EI Fopesie LITM” | g 70 ' M _E
% ?; —— Observed Limit§(10%§ g) ; % e Z:;:::"z:::—o"m-u E n_;_ § E
‘6’ ] © —=— Observed Limit§ C;’J 60 ) L'- —— Observed Limit _;
8 50 s L
1 0-2 — 1 0‘2 £ 3 5 E g g Expected Limit é
E 40 RO 2 16"', _:
, - , 30 =
10 JqLdl=4Jfb =7 Tev | 103k ILdt::L?fb 5=7TeV - ]
R-Hadron exclusion " R-Hadron exclusion : _
Full Detector - Full Detector ]
10-4 PR SN [N T T TR T YN N AN T NN H AN YT T N T 10—4||||||||1|||||||Il{[l\\lllllllllll‘\l\! L i L 25 I el

200 400 600 800 100012001400 200 300 400 500 600 700 800 9001000 200 250 30( 90 450

my [GeV] mg [GeV] T, mass [GeV]

Generally stronger limits than prompt SUSY searches
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Detector-Stable Particles (7)

 Comparison with CMS results

" Not rely on calorimetry information: Tracker, Tracker+Muon and Muon-only
v' Weakly affect the limits but exclude some scenarios for R-hadrons

» Have analysed the full statistics = stronger limits

~1800¢
L '® CMS (s=7TeV,L=5.0fb" Vs=8TeV,L=18.81" ]
>1600F
O E
1400}

E1200}
)]

ds
—
o
(=
o

95% CL lower m

200

.
. v
< .
.
ass®

Tracker

1305.0491

.......

Calo Muon

—— Charged - -- Neutral

CMS \Vs=7TeV,L=5.0fb" \s=8TeV,L=18.81b"

800
600}
400F

O CMS Y{s=7TeV,L=5.0fb"(2012)
'm CMS \s=7TeV,L=50"b"(2011)
¥ ATLAS\{s=7TeV,L=4.7fb"

" A ATLAS\s=7TeV,L=37pb'

®

4W

.

|/

|
v

I =

b e
=
A A

!IIIIII|JII[lllIIIIIIILI!lIIIIIl

| ]

stau stau stop stop gluino gluino gluino gluino

direct direct+ ch. (f=0.1) (f=0.1) (f=0.5) (f=1.0)
prod. indirect suppr. ch.
prod. suppr.
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Detector-Stable Particles (8)

 Comparison with prompt searches

Slepton searches P » Slepton searches
(2 prompt candidates) (2 LLP candidates)
;‘ _l | T 1 171 } LI I A I UL I 1T 177 I 1T 17T I T T ] p— 2 — —— —— ——— S— —— —
s [ o Tl R g 10°F \ T \ T 3
S uas __ATLAS Preliminary L e I, x1__ = - ATLAS Preliminary
W -J.Ldi=20.3fb", \s=8 TeV i 2 L p
£ " s Observed limit (£165%5Y) ] % is=8TeV, | Ldt=15.91b
200 |- —-==- Expected limit (6, o o
. LEP [i_ excluded 1 % B production, tanf =10 —e— observed limit
[ Allimits at 95% CL ] o 10 B opectediimit 10 ——+20 J
150 — _ (@) e =:Inducllan:|anﬁ;5n —O—:h:::ad Ii:il
E ] Il +=
B ] ~—~ O
o
- ] - £
100 — B < 5
7 ] = &
- i = 1 .
o e
= ,': : |..--|----||-- e b b e 1S S
O o6 B0 eenc ZEn | SO0 "3~;0' = 100 150 200 250 300 350 400 450 500
m(l) [GeV] T, mass [GeV]
v

=>» Intermediate region (metastable slepton, i.e. displaced vertex w 1lepton) not covered
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Detector-Stable Particles (9)

ATLAS-CONF-2013-057

1 R-hadrons can also stop in the calo and decay later
= In Split SUSY (unnatural model), the stopped gluino only particle reachable at LHC
= High energetic jets in absence of collisions
» Background = calorimeter noise, cosmics and beam halo not SM !

'ATLAS Preliminary =~
1200F-+- 5.0 b1 @ /s = 7TTeV
2291 @ /s =8TeV
1100} Live time = 389.3 hours

g— g/qa+x°
. Mio = 100 GeV

Generic, Leading Jet Energy > 300 GeV

ATLAS 20121201 12:33:41 CET source:JiveXML_215456_82343392 run:216456 ev:82343392 lumiBlock:506

| Expected +10 |
= (Observed
7| == Expected

1300 -

p(m)

eV

)
G
=
(=1
=
(=}

900

g
e

800

Gluinos Mass (

700}

l L

PRI o TR SR SO TSI OO MR W

o N WO WU VUL SN SN R N

-10

400 i i ; ; i i i i
10—8 10-6 1074 1072 109 10? 104 108 108

Gluino Lifetime (seconds)

M5< 800 GeV (v,,=100 Gev) excluded for 1 ms <t < 300 hours
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Conclusion on Long -Lived Particles

MetaStable : Stable
disappearing (kink) stable massive
) track T particle
Non pointing displaced ey “ [l slow (<1,
A vertex | long time
. - of flight) penetrate
- primary &
o~ s a detector
O(1-100)mm O(10) mm O(100) mm > O(1000) mm decay length

= Very well motived and could explain the absence of signal in standard SUSY searches
= Huge number of possibilites (not yet all covered)
= Striking signatures of BSM not present in the SM

- generally detector-oriented, background-free
—> Limits on SUSY particles generally stronger
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RPV

‘ | !
P 2 DN q NP
W = WMSS’M -+ &jkLiLjEk - /\ k:L Q]Dk + ’Q'LL H + zJA ( D'J

Lepton Number Violation (LFV)

= Add 48 new Yukawa couplings and 96 complex parameters

= Proton decay only forbids simultaneous violation of lepton and baryon number
v' ... but not one or the other

= Allow the LSP to decay

= Can change other sparticle decay

= Considerable change in the final states
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RPV (1)

1 R-parity violating search at LHC

W = Wwnssu + &jkLiLjEki)::jkLinD/k + riLiHy + Aiji Ui JD"L

Lepton Number Violation (LFV)

Signature From H.

(
Y

Dreiner Model

I\_/Iultilepton production 1) 4 charged leptons: etet =~
(including taus)
2) 2 leptons, 2 taus: etetr—7—

_ 3) 6 jets or 2 w/ substructure
Resonances (2jets,

2X2 jets, 2x3 jets, e\, 4) like-sign dileptons 4+ jets
eT, m1) .
5) dilepton resonance
6) mono lepton

Note: Absence of Z and 7)

dijet resonance
Importance of taus

8) like sign ditau's 7~ 7~ 4 6jets

x3—LSP, LLE | #LSP, LLE

x§-LSP, LLE,|7-LSP, LQD

x3-LSP, UDD

x3-LSP, LQD

LLE ® LQD

LLE @ LQD
pure LQD
7—LSP, LQD

=>» Generally: lower background (no LFV nor BNV in SM) and MET than RPC
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O Lepton flavor violation in the production / decay

" X311, Aiz, #0 and pp 2v, e, et, Ut resonance W =Wussu Z-LjEk Z-Qijm;LiHﬁ/\

Events / 10 GeV

Ag (e, WOt , MET=132 GeV, no Jet !

* Data
Bl Z-
tt
W et
mww
B Muttijet
Single Top
CV.(500GeV)

10* —T T
ATLAS
10°
10?
10
1
10” L L (]

vz

T
® Data
W W+jet
e
. Z-up
Multijet

® Data
I Multijet
 \W-+jet

Single Top
) V.(500GeV)

= F T ; t : AREOAS g

e R S

s L A \\\\ N &\.\.\\i x:
102 10° 10°

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

12

"
ijk

12.1272

*

Ui D, DA;
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1212.1272

Q Limits on RPV couplings ®
" N1, Az 20 and pp SV,>ey, et, Ut resonance W = Wassa +unLs B H§sDe + L, + U0, Dy

d

Ag (e, WOt , MET=132 GeV, no Jet !

d
Only production
mode
) ) 7
A 311y )\132 A 311y )\133 A 311y )\233
2 [ amas’ = 1 an 7 ARE L LT r ] . N I i
L TTLAS en i ; ATLAS et / ATLAS TR //
) Ldt=481" : ar 3 # / i L ; |
10 1 b ..._.;.;..\; ............ EPPTPYRPTPPPPTPTY FPPP '.:.7 ........... - _I-L dted6ib’ h / _I-Ldt= 461" :. /
F vs=sidTle ! EF 1 107 oL IECLEELICLRCLEECRRCLRCEROEY ; ] ................ - 107 e Franees (S aLLIILLCCLIERI -
N // ] F \s=7TeVv ::' // ] F \s=7TeV H // 1
- - 2l ] C s ]
10-2_.____ [ R — & // g r // =1
. Ay =007 | i v . ] sZT —a gy =007
E & g .., =0.05 3 et —=Ay33=0.07 o A
r - 1::Z=o_o1 7 |0-2 -_-_"":‘ _______________ —s 10-2 ":__-‘-’:,:..w_ —————— 333_=_0'95_ f—
y —— Dy =0.07(1 16" 7 TeV) | B = Mgg =005 7 s ]
Bl o 1 Ly L. 1 . . . . 1 . . . . i L I . . . . ! . . . . 0
10 500 1000 1500 2000 500 1000 1500 500 1000 1500
m; [GeV] m. [GeV] m [GeV]

Can not go beyond 102 for A'5;, A3, fOr rﬁ(vT)<1 TeV
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ATLAS-CONF-2013-036, CMS-PAS-SUS-13-010

U Lepton Flavor Violation (no Z) W = Wagssar i LB + NaLiQs Di + miLiHy + Ny UiD); Dy

PP T, W EWE: X, oV A,>0

= X,9 LSP, A,,; #0 implies x,°>epv

51000 U B BN R L RS R
— — 8 — A]rLAS Prehmlnary explored LSP mass range: a
" PP XK SWKOWRODA--61 (+ RS HMET  S300 fuawmmmmny movinin wie
pp 299 2>0dd’X,°dq’x,°>=4l +jets +MET e comnation 41622
....... Expected limit (+1 oﬂp) L
N ATLAS aL8Tev 1316" O
- e e S ; -
§ 10 ATLAS Preliminary —e_Daa W, "ot fopton v
3 = _[L dt =20.7tb"' s = 8TeV [3 Reducible Bkg.
== B /] zz
£ 10° @ Higgs
5 = = zww
kL B SROnoZa -. RPC x° x° vA (230,45)
10? o WiNo A, = 0 (600,400
-+ Gluino A, = 0 (1100,600
e et (N = cosssrss—— oo TP L
I T SFEb L 100 600 700 800 900 1000
m.. [GeV]
...... Sana PP 83— qdL ad%; F VIl hp,>0
L L e B S |
1 E ATLAS Preliminary explored LSP mass range: L 7
e S S 2 le00= det= 207 5" (=g Tey 10 GeV<m.<mg-10GeV -
= I : il
10 Observed limit (+16500") -
2 S0 LT SO I | Expected limit (+10,,,) 7
% 1.5 T — ATLAS 4L 8TeV 13ib" =
s 1 2 3
SRR B B .
% 250 300 E
Elrl‘--"ss [GeV] —:
Very strong limits for direct chargino , [
production (reminder: no limit in RPC) oF . — S
600 800 1000 1200 1400 1600
my [GeV]
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O Lepton Flavor Violation (no Z2)
= X, LSP, A,3; #0 implies x,°>1tv / etv
= pp XX D WX OWYX0>4-5-61 (+ jets)+MET
pp 99 >qq’X,°qq’X,°>=4l +jets +MET

- T T
o 1o L ATLAS Prehmlnary —e— Data
o = 4 #4454 Total SM
fre} - J.L dt=20.7b" \s = 8TeV ] Reducible Bkg.
E 10° Czz
= E @ Higos
= = 3 zww
w B iz
102 [aases Wino A .+ 0 (300,200)
= [hssginis Gluino A . # 0 (800,400)
[ g e CSR1n02)
10 =@~
’;" AN 4 - : SRR
; = +
1 Np=2.0%1.4
107

E 2 ..................................................................................................
[2] OE
=
©
a

250 300
EMSS [GeV]

Limits weaken when considering taus.

ATLAS-CONF-2013-036, CMS-PAS-SUS-13-010

W = Wiyssu éLjEk + N Li@; D + weLiHy, + N UiD; Dy

;‘600_“"L‘"'I"",'I'"'I""I""I""I‘)'_
[0} - ATLAS Prellmlnary explored LSP mass range: -
[©) r . . ]
= 500 ILdt=20.7rb‘..s=aTev 1EGeV sy s 10 Qe =
= L 4 -
E | == omsenedimiici) L~ .
400:_ ------ Expected limit (+10,,.) 0*/ . _:

- . nclaexplored o o .
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1306.6643

| StOp RPV (LFV) W = Wnssu z‘LjEk + NjuLiQ;j Dy + wi LiHy + Nj3.U; D; Dy

= X,° LSP, consider two possible combinations Aterm | neutralino LSP decay mode
o ) A122 = —A212 Ve + pev,
= pp >tt Dtx,%tx,0>>4l (+ jets)+MET [ Aoz = —Asas | TV Ty |

= Assume X,° bino-like

CMS s=8TeV, jL dt=19.5f" cMs 1s=8TeV, [Ldt=19.5 1" cMS is=8TeV, [Ldt =195
‘E Search Fiegion: SH1 ] ; ’\_ T T T T T T T : T L L LA <: E | L LI B LI B B J L L
3102 —4— Observed i 8 1205_ Stop RPV i, 2 i : - 1200~ Clstints
[77] Big Uncerainties J . _ |- —— Treoryuncerainy (NLOWLL) | 1.8 )/ I s et it
1 121000} «++++- expected 95% CLs Limits — 10001~ e:gemedﬂc; i
Misid. leptons 4 E [ expectedtis, oy : ' r 1 d
10E E| 800 | - 800 [ =
3 E r 1 ¢ I :
= [ : ] 0o I ¢
4 - ] r I
— - I - ]
4001 [ 1 % : 1
L 7 r | 1 200 ]
1 20— I 1 “F ! ]
4 | | | LI 5 E ‘ ‘ | | e v PN ISP TSR
10'E R RT: o A PR IR PP S A 700 800 900 1000 1100 1200
0-300 300-600 600-1000 1000-1500 >1500 700 800 900 1000 1100 1200 m- (GeV)
S, (GeV) m- (GeV) t

Very strong limits for direct stop, w or wo taus (independent of LSP mass)
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1306.6643

Q Stop RPV (LFV)

W = Wwussn + AijiLiL; By, +z'QjDk + w5 LiHy + A3 Ui D Dy,

= X, LSP, consider several decay modes

» Final states: 24 + 2t + 2b
= Assume X,° bino-like

region label

kinematic region

stop decay mode(s)

A my < my < 2m, m
B 2mf<m;<mﬂ

C mﬁ»<m;<mw+mﬂ)
D mw+mﬂ;<m;<m,+mﬂ1
E mg+mﬁ<m;

X

f — tubb
f — tuth + tubb
F— tvbx® + jjb R0
t— Wbx)
F—tx)

300

——TSEVEd Uo% CLs Limits]
observedtay o 1 3
------ expected 95% CLs Limits]

cMS ts=8TeV,IL dt = 19.5 b

; f l T T T ] T T T l T T I T T T L] ' T T T L} [ i
a_) = !
800 =

o*—.’ = A .
= 700 _~
e - =
6001 -
500 =

- % / 3

400 o

= Stop RPV ', :

200

| Y S S R I TN T WO S Y S S

L

m expectedic, . imona
1 1 L

PO N TN WO T T N 1

300

400

500

600

700 800 900

m- (GeV)

Weaker limits dependent of LSP mass
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ATLAS-CONF-2013-091, CMS-PAS-EXO-12-049

 2x3 (2x5) jets resonance W = Wassy + NijiLi L Ex + Xijp LiQ; Dy + ki LiH,, f:UjUAv
= Motivated by g=>qqq and g->qqx,°~>qgqqq q

o q
= Multi-jets background data driven and differentiates 0, 1, 2 btag ... g -
q
. . ~
= 2 different strategies pursued by CMS and ATLAS q
m(a)>>m(g)
Reconstruct 6jet invariant mass Resolve 6-10jet evts with a lower p  cut
CMS Simulation Preliminary CMS Simulation Preliminary > 107 1 T . T T w
5 r L - = LA P o™ WOV T T 3 ATLAS Preliminary ® Data\s=8TeV,20.3 b
8 1200— -1 O E E < 10° . © Projection from 3 Jets
ral ;, | Quswp RPV Gluino 400 GeV 3 3o s . Projection from 4 Jets
g o e = ‘330005— Gluinos Matched 3 g E - :°’:;g:"é;°\;" 5 Jets
E L LN 1 = ¢ to Monte Carlo Truth E L s . o= 1000 Gev
& 0 1 Gaussian Signal E 10° ,_._
s r 57 ] E gna = [ - . =
£ r § 200~ 3 AR s fereeaeees 3
% 600/~ — E ; ; E SE —_—— .. 3
E‘ - 1 -~ Wrongly Combined Trrplets_: sl e E?«;ﬁ,‘__ L
e - ' - F = E
iy RPV Gluino | jo0E 3 1 ?:_ '''''''' -
- 400 GeV ] 2 ] -
200— — 500— — o 1 | ! | I =
n N F B 8 gt : T
B i E : I " E é:’ i-g : ........ :
% 750 0 500 T T ®7Ta0Tdo0 e0 s oo 20 T® 2 U-E ———— =
Triplet Scalar p._[GeV] Triplet Invarlant Mass [GeV] | e =
60 80 100 120 140 60 200
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ATLAS-CONF-2013-091, CMS-PAS-EXO-12-049

1 Results for 2x3 jets resonance
=Show for light flavor (top) and heavy flavor (bottom)

CMS Preliminary 19.5fb' at \s = 8 TeV 10*
= E T LI E S R L B B R B L B =3 E T T . T T E
o C ] = = —— Obs 95% CL Limit &
= —=— Observed Limit — N Exp Limit n
= 10 — Expected Limit — S 107 mmm +16 Exp Limit =
T E Expected + 1 = F 1 £20c Exp Limit E
< L] Expec ¢ i T 102k BN 55 Gross-Section (NLO+NLL) N
T o ] Expected + 2 6 1 = g E
o 1 ___ Theory Light-flavor RPV " | it - BR@®=0%, BR(b)=0%, BR(c)=0% E
E 1z o
e E 3 é 10 ILdﬁ~203fb"\'§—8TeV =
T T 1 =) B 7
3 107 — 1 =
— E E E 3
© = . - 3
32 = . 107 =
3 102 =— . F =
E = 10% | =
E ] - ATLAS Preliminary B
bo v 1w owoo By W oy ANV oy o . i i | 1
400 600 800 1000 266" 1400
Triplet Invariant Mass [GeV] =1 0% T T T T E
= T L S N L L L B = 5—52b535°(oCLLimit P 3
10° = — =y m e X| imit =
8 10 —— Observed Limit 3 = 10° b 1 5 EXP LAt =
= F 7 - [ *2 o Exp Limit 3
U Expected Limit _ z; 102 | B g Cross-Section (NLO+NLL) =
% B [j Expected + 16 E l? B BR(t)J100°/o BR(b)+=100%, BR(c)=0% R
& E ] - .
x F [ expectea s 25 | o 10¢ _[Ldt~203fb NeZBsTev =
b 1 Theory Heavy-flavor RPV  — B - .
E F Ay13 OF Ay B 1 E =
bt | - ] S E
ol =l _ L
:; 10'E B 10" - =
2 C ] - .
107 = 10 2 2 E
E 3 - ATLAS Preliminary E
L 1; I I NSNS, - 102 ! ! !
200 400 600 800 1000 1200 1400 600 800 1000 1 200
Triplet Invariant Mass [GeV] m. [GeV]
]

=» Exclude Gluino masses < 1 TeV. ATLAS above CMS
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Conclusion on RPV

l | " qq
o Mot [o x qq 2
W = Wwussm + dijkLiLjEx + My LiQ; Dy + k; LiHy + X Ui D Dy

Lepton Number Violation (LFV)

= Several combination of lambda tested

v Still a large spectrum not covered (generally assume X;° LSP and decay)

= Like for Long-lived particles, generally stronger limits than for Standard SUSY (RPC)
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Beyond MSSM

SUSY Theory phase space

N=2/N=1 models [0812.3586]
where for example gluinos are
not Majorana particles. Similar if
R is a continuous symmetry
instead of discrete [RMSSM,
0712.2039, 0810.3919].
=>lower g, 2x2 jet resonance *_

A new scalar singlet is added [2 more
Higgs and one more neutralino, 0910.1785]
= Relax constraints from Higgs mass (i.e.

reduce fine-tuning) and provide a solution
to the p problem

id .
Dirac

Stealth SUSY. Invisible singlet added.
= Relax MET cuts [1105.513]

.....

CMSSM

Top-down. Mediation of SUSY breaking via U(1)'.
[0910.2480]

T. Rizzo (SLAC Summer Institute, 01-Aug-12) > Generally predicts wino-like LSP

Loose simplicity, can generally evade part of the LHC limits — but not for long
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Beyond MSSM (1)

1210.4826

L Massive color scalars : 2x2 jets final state *

= sgluon (= gg) pair produced: 2 resonances M,, M, reconstructed with 24 jets pT>80 GeV
= Reduce combinatorics by minimizing |[AR;-1|+]AR,-1|

4000

% = j‘ _I1 ; th . : : = Ly | T T T T T T T T T T T T T T T T T T
S = Ldt=46fc ATLAS p. (4" jet) > 105 GeV = o) I I I T T
w00 . - Regi E o 0 —a— Observed
2 g _ - Data; R A E s )
B sooof “ST7 TV - o e 5= 10° = ATLAS I Ldt=4.61fb" .
= = [ ABCD result = o 3 p, Ty SEERRER AR mee e Expected =
& 2500 ﬁ_—’ [l ViC sgluon; Region A = CQ = e \s=7TeV B:ic =
— ;_ — —_ M, on = 250 GeV _; o - e tog ]
N — 3 = I ' 444 S ]
1e00E = = 3L < Scalar gluon _|
1000 [ — — — 10 = " =
& i | j & ---Hyperpion 3
500 — - = = —
g 1.2 Lot\: 2 I ]
Y S S S =S o = = o 1075 E
=1 DB [ oo o i o o 5 O e S e S - -
o " " ]
s 2 N
:-g’ 2 | = e b e e e e by 1A
= J - I : 1 : 1 : I - 100 150 200 250 300 350
100 150 200 250 300
(m1+m2)/2 [GeV] Mass [GeV]

=» Exclude scalar gluons for masses below 300 GeV
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Beyond MSSM (2)

1210.2052
0 Stealth SUSY ®
= There is an extra light, approximately supersymmetric multiplet - aop} oo g
v" All sparticles connect to this R=-1 stealth particle (§) 5 ,;: %;
v Which then decay back to S its close-by superpartner 8 ::: o s
v Reduce MET carried by gravitino but not MEff=S- 0 ¢ rIguqn-

= CMS consider S decay via photon

S B e g | ——
S % 4.96 b, /s = 7 TeV 5 B asefbiis=7Tev
b o= XL
B % e Data, =4-jots ] 10%E  M=100GeV. M =90GeV -
I 405 -- Expected Background|] - TR Cnmes
w 2 ‘% [ Syst. Uncertainty : g (X #¥8) =1
= Z\\Z —  M_=900GeV — Observed Limit
Q@ 30206 W s = N pad
> =Z\ E= S, Sideband Expected Limit
w % =, Toonan 10L ... |mm Stealth SUSY 5
/ K\ = S| +1 SD Expected |
20 : |
0 --
% . 1E
/ vl s = -:l._!! i e e e S
600 800 1000 1200 1400 500 1000 1500 2000
S, (GeV) Mﬁ (GeV)

=> New results expected for LHC run | soon
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Or simply un -natural?

hep-th/0405159, hep-ph/0406088

A A natural cosmo. constant (CC, A) implies new physics at 10 12 GeV

= But present particle physics computations are valid at much higher energy
v"May be this threshold does not influence particle physics?

CC Scale
L e e b e e gy Ll b s my
10-4 10-10 10-15 10-18 10-32 10-35
Bohr Yukawa Fermi GUT Planck
VaCUTm | | | Big Desert?? | | Scal
cale
A AAtom AQCD AEW AGUT IvlF’I
. cosmics
Eyes MiEro- _ Early cosmology
scppe <—colliders—>
1 I I RN T B RN NN RN BT T RN R T NN N S N N MR E (GeV)
1012 106 101 102 109 1016 1019
ion? Bi ?
CMB BBN LEP GZK Inflation? BigBang”
Tevatron
LHC
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LA natural cosmo. constant (CC, A) implies new physics at 10

Or simply un -natural?

hep-ph/9801253

12 GeV

= But present particle physics computations are valid at much higher energy
v’ Alternately, very high fine-tuning !

CC Scale Weak scale Mass do not occur | Mass do not occur via H
via H mechanism i mechanism but via Nacop
N T T e i B L (m) = highermasses 1 =2 very small masses
104 10-10 10‘15 10-18 o 5 sl Our Dlorniam
20_'I"I"1ﬁ'l"\:"';'é_l T T T T T3
vacuum Bohr Yuklavva Fermi 10 E % 'E g 3
| | | P E-Lo B 3
Scale 2> f 5 3 ]
A Antom Nacd  New E ';2 ] A" stable % \g:%\ o= loten
| bosmics | S a0k 2 E 3 3
|Eyes MiEro- ~4OE"""""""' o f L B s (e L
scppe < colllders—> -LogMp) -18 15 12 -9 -6 -3 0 3 6 9 12 15 18Log(Mp)
sgn(p’) Log(1+u'V/£ "
| | | | | | | | I | | | [ | 1 E (GeV) « A++=UUU 'sz-mHZ/Z
10-12 106 10t | 102 ep=uud  *f~0.1GeV
CMB BBN LEP
< »|Tevatron ¢ “02:_(89)2 GeV - (mu/md )O=O'6
— ° — *
May be both follow the same | LHC *Vy=246 GeV (Mg)o=7 MeV

fate and are highly fine-tuned?
(anthropic principle or multiverse

: o . Life is driven by mg-m, a v/v,
space favoring critical points)

*(mg);=0.5 MeV
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Or simply un -natural?

 Construct SUSY models forgetting hierarchy problem
» Retains good SUSY features : unification of forces at GUT scale and dark matter candidate

60 T T T T T TV T T Yy Ty vy Ty ey T— 60 e i e e —
¢ 1 e . 1
$0 x SM (10%) . susy () ~ MSSM Un-Natural SUSY
4o f i ‘
E b 1 40
~ R M"‘“—. Y
~" 30 1 N
30
>0 1
= 1 ; s {
Standard Model SUL) ™= i 20
10 : 10 po==" ]
0 .' : . (| S P I S PP B S R I I I
1w 1w 1wt 1wt 10" 10 10" 10" 10" 1w 10 10" 10* 107 107 10" 10® 10" 6 8 10 12 14 16

u (GeV) u (GeV)
= Remove unpleasant aspects : my constraint, excessive QF{ protection against proton decay

= Un-natural mass spectrum =» could still have a vestige at LHC (no guarantee)

High Scale SUSY Split SUSY Spread SUSY
Mol ..................................... . M, Mumf‘f .....
Mg 0910.2235 hep-th/0405159§ Tits |

e W i . _______________________________________
g it TieV my Mo T;CV v g Mot
Axion Dark Matter Gaugino/Higgsino Dark Matter (long-lived)
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Or simply un -natural?

 Construct models forgetting hierarchy problem
= Un-natural mass spectrum =» could still have a vestige at LHC (no guarantee)

High Scale SUSY Split SUSY Spread SUSY
Mg |- ...................................... . M Mo |
: : v S A AB1g
m : m :
g 0910.2235 hep-th/0405159; ! . 1112.2462
: _ o 1210.0555
: 1212.6971
TeV}--- i - W e e k TVl A i
g Mok o my Mt e Myyig
\ a J
. Minisplit '
Axion Dark Matter LU 5
- No sign at LHC .
| 1212.6971 €
m‘_'_i §.6, H", A 53
e 2
g i Coll:kr—s ble
-------------- — -;’ l ?!uinos
{efe = 1 § 6
W

Scalar Mass in Logm(%)

GaugEi;no/Higgsino Dark Matter
> Displaced decays from gluino {8

f g . . Not yet d
ad?oonrg), Wino (disagpegalﬁﬁfgo{%cks), Higgsino (sub-gmyghgr%jveedr?racks)
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A final possibility !

1211.4526

O In fact we may have already discover SUSY !l
= The Higgs doublet is the superpartner of the neutrino
= Not (yet) excluded !

= Phenomelogical consequences: Gauginos Dirac-type, Lepton-Gaugino mixing, no LR mixing in
the squark sector, no Ordinary R-parity (q=>g+l), no LSP

Can the Higgs be superpartner of a neutrino® ,
Typical Spectrum

Yes: same quantum numbers :
- Gauginos

SUSY
>

Is the Higgs the first SUSY particle discovered? (Lighter for naturalness)

Fayet'76; Pomarol,ER,Biggio’l2
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Conclusions (1)

0 Summary on direct searches at LHC: an impressive li st !
= Digest of 150 public analyses
= Getting close to the 1 TeV bound — and fine tuning ~ 0.1-1 %

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

¢ q
Status: SUSY 2013 f.[dt=(4.ﬁ-22.9)fb” \5=7,8TeV
T frai imi *in SMS f k  SUSY 2013
Mode! ey Jots ET fraqn ) Mass limit Reference Summary Of CMS SUSY Resuns In ramewor
MSUGRACMSSM o 26jels  Yes @ mig=m(g) ATLAS-CONF 2013047 | her)-m(LS I I
MSUGRACMSSM ley  3Bjets  Yes i any mig) ATLAS.CONF 2013062
p | MSUGRACHSSM [ TA0fets  Yes [ any @) 1308.1841 N "
0 2Bjets  Yes [} mn,y-u:sev ATLAS-CONF 2013047 g-qq7
. 0 26jels  Yes & m(w )50 GeV ATLAS-CONF-2013-047 i-qn'f
lep  3Bjets  Yes B mEE)<200GeV, mi” )0 S jemiz)) | ATLAS CONF 2013062 <
{ 2eq  O3jets - B mif5)=0GeV ATLAS-CONF-2013-089 g-rbby
2 Gmsa(r NLSP) Zey  24jes Yes 1815 12084688 FINT
GMSB (T NLSP) 12r 0-2jels  Yes i tang >18 ATLAS-CONF-2013026 ¥ ek
% GGM (tino NLSP) 2y e Yes ()50 Ge 12000753 9-agl~1z)
£ GGM wino NLSP) Tegsy > Yes mifi)>50GeY ATLAS-CONF-2012-144 - @ -,::i E )
{GGM (higgsino-bino NLSP) ¥ th  Yes mii})>220GaV 12111187 3
‘GGM {iggsino NLSP) 2ep(2) 0els Ve 20 AILAS CONE 2012152 FRL Fel
* Gravitino LSP 0 monofel  Yes mig10 eV ATLAS-CONF-2012:147 g1 -lxal
0 3b  Yes 201 |E 12TeV i) <600GaY ATLAS-CONF.2013:061 a-aq ?"\ IoJ
0 T10fets Yes 203 |& 11TeV miFs) €350GaV 1308.1841 ﬁ*wﬁ +27)
Olep 36 Yes 201 |E 1.34TeV mii3)<a00Gey ATLAS-CONF-2013.061 H pur Jmbar
Olep 36 Yes 201 |& 13TeV miES) <300GaV ATLAS-CONF 2013061 ; q*ugli = Wlél
0 26 Yes 201 |B 100-620 GeV () <S0Gev 1506 2631 Sl W)
2e,u(85) 03b Yes 207 |B 275430 GeV. mi¥ o2 m(i5) ATLAS-CONF 2013007 g qq{x - .‘7 )
12ep  12b  Yes 47 | 110IBFGEV! (355 GV 12084305, 1208.2102 4“ P Aw )
2ep  O2jes Yes 203 |iy 130-220 GeV/ {T3) el (W80 GeV: miy <<m(F}) | ATLAS CONF-2013-048 q - =W y
i medium), f-otf} 2ep 2l Yes 203 |& 205525 GeV miT3)-0 Gev ATLAS CONF-2013.065 -
Ty (medium), rwnn 0 26 Yes 200 |R 150-560 GeV mit})<200GeY, m(i{)-m(i)«5 Gev 13082631 q- Qf’
by fheany), it e 16 Yes 207 & 200-610 GeV' )0 GeV ATLAS-CONF 2013037 4 oy
fheany), f~eT1 0 26 Yes 205 |& 320-660 GeV. mi)-0Gey ATLAS-CONF-2013-024 q-qx
0 monpjeliclag¥es 203 & 90200 GeV' i (T <B5 GeV ATLAS-CONF 2013068 -
2ep(@ 16 Yes 207 |& 500 GeV. mp\,)nsacev ATLAS-CONF-2013-025 H "'1
Bl + 2 Jep(d) 15 Yes 207 |@ 271-520 GeV. m{E J=miE] 14180 GeV ATLAS-CONF-20134025 =
Fonfi, i 2eq 0 Yes 203 |7 85315 GeV ATLAS CONF 2013049 = I"c
g 2ey 0 Yes 203 [§ 125450 GeV sy | AasconF2maoe b 2 W)
= E ) 27 B Yes 207 nii 180-330 GeV 7, Pi=0 5(m(T i3} ATLAS-CONF-2013-028 h ﬂbu *WI )
ws f(; (). ) Jep 0 Yes 207 [FnE) GeV 05T Jom(i3)) | ATLAS-CONF-2013.035 $% L0
Hidwiz? Sen 0 Yes 07 |Wd a5 GeY ] o T+107 G +HO)
= Wihi 1ep 26 Yes 203 x‘lr} 285 GeV 3 Jam(E3), mify)«0, siepions dacoupled | ATLAS-CONF 201303
& Direct iy ¥y prod. longlwed ¥ Disapp.trk Tt Yes 203 | 270 GeV i pmiEdj=160 Me, r{Fi) =02 s ATLAS-CONF 2013069
=25 Stabie, sopoed g Rrnadion 0 15jes Yes 229 |§ 832GeV T3)=100GeV, (&)< ATLAS:
DE GMSB, spable F, Boi(amir(en) 12# = = 158 10<tan3<50 ATLAS-CONF 2013058
g S, F -G, long-lived ¥} - Yes 47 Qder(il)<2ns 10246310
= ag. —qqu (RPY) 14 d\sni vix - - 203 1.0Tev - BRG=1. miy ATLAS-
LFV pp—+iie + X Feve 44t 2ep ¢ ¥ 46 ;. =008 1212.1272
LFV pp—sie + X, Feeli) 47 Tepsr - 46 =005 1212.0272
= Biinear APY CMSSM Teq Tets  Yes 47 mIGl=m{g), crosp<t mm ATLAS-CONF-2012.140
& |- WHLijeei, 7, 4o < Yes 207 miT3)>300GaY, >0 ATLAS CONF 2013006
By, By 2 WE, Hrti, eri, 3ep+T Yes 207 miT})>80 GV, A 1z>0 ATLAS-CONF 2013035
§a00 0 67js - 208 BRIt}-BR(bI=BRic)-0% ATLAS-CONF 2013081
Z-nt hobs 2ep(88) 03b Yes 207 ATLAS CONF-2013.007
W Scalar gluon pair, Sgluon—ag 0 4jes 46 ingl, limit from 1110.2683 12104828
Scalar gluon pair, sgluon—t  2e.u(8S) 1b  Yes 143 ATLAS-CONF-2013-051
g WIMP interaction (D5, Dirac x) ] monofet  Yes 105 m{x}<80 GeV, mit ol<587 GeV for D3 HATLAS-CONF-2012:147 | | | |
1 L L PR PR P PR L

L i
400 600 800 1000 1200 1400
Mass scales [GeV]

Vs=8TeV =
_ full dII: 10 1 Mass scale [TeV]

“Only a selection of the ai

on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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"Theories are like fishing : only he who casts can catch”
Novalis (1772-1801)

- Gig bl
E “Distant
s | Cousins”
The “Nuclear Family” T .
of the Higgs . Quite strong
- Quite strong
500 GeV._| i
by, :
A ()
: 1 ¥ 0 .
bt b= ‘ Still Weak constraints

N

«—— Closeness to Higgs

General weak points
1- Compressed scenario > ISR/Monojet-like analysis, delayed trigger
2- Intricate SUSY decay chains > pMSSM systematic scan

3- A new electroweak singlet is added (relax Higgs ¢ onstraints)
—>not fully explored yet

4- Hard at low luminosity ( X;"X;2WW), ...

Part llc: R-Parity Violated, Long-Lived
Particles, beyond MSSM

I\/ISUSY

AM

AmI

4

A

v

|

mwsmgl
or not if RPV

1. Low Am, tiny RPV, weak coupling to G
Long Lived or meta-stable sparticles

2. 'Sizeable’ RPV
Multileptons, No Z, jet resonances, LFV

3. MSSM Extensinns?
Scalar Gluor Still Many possibilities not covered

4. Un-natural SUSY ?

= SUSY Seriously cornered (Consequences for SUSY models discussed tomorrow)
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LSP decay

Neutralino-LSP decay‘

» X1 could decay via non-zero A, N’ couplings:
LLEN\): X3 =W +v
LQD(\) : X1 — (e,;:, T) + 2 jets

» The lifetime is proportional to (A)?2, (A))?
» Decay prompt for A, A"z 10°.
» Ifthe RPV coupling is smaller than that (e.g. = 107), a decay vertex
with a significant distance from its production point can be seen.

» —Perform a search using a displaced vertex (DV) reconstruction

technique.

» The result presented today is based on 2010 data, non-zero A’ with muon final
states.

» More to come using 201 | full dataset covering variety of signatures:
- Final states including e/tau
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