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| am sure we all agree that a giraffe is truly beautiful,
but she doesn’t seem to serve any purpose”
J. Weiss (1974)

* See 1404.7191 for a full review
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[ Particle physics is truly beautiful, SUSY serves a

General Framework (1)

= ... and predict a mass spectrum of new particles accessible at LHC !

Minimal Supersymetric Standard Model (MSSM) :
29 sparticles + 4 Higgs undiscovered

[h9=H(125)]

Names Spin | Pgr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1 h,°h,% h;* hy R0 HO A0 g+
i ug dg dg (same)
squarks 0 -1 5L Sr €L Cr (same)
ir tr by br T 12 by By
€r €r Ve (same)
sleptons 0 | -1 BL R Vy (same)

TL TR Ur T T2 Ur
neutralinos | 1/2 | -1 | B® W° ?1'10 Ah'zo N; N N3 Ny
charginos 1/2 | —1 wE bR ¢t o

gluino 1/2 | -1 g (same)
é?ﬁ?ﬁﬁﬁ) (éﬁ) -1 G (same)
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S. Martin, SUSY Primer, hep-ph/9709356

natural purpose.

MSSM, aka weak scale SUSY for less than

10% fine-tuning [4m,?<10xm

A Natural Spectrum

27|

)

General “bottom-up” viewpoint

No limit on this spectrum before LHC start !!!
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General Framework (2)

1 Need three more assumptions before we start

1. R-Parity (Pg=-1 for SUSY particles / +1 for SM particles) iS conserved
= SUSY particles are pair-produced at LHC and the lightest one is stable
» R-parity violation or discrete symmetry also possible (see end of the talk)

2. The nature of the stable Lightest SUSY particle (LSP) in the MSSM:
= case 1: ;% with M, sp > GeV or case 2: G with M, sp << GeV

3. The value of AM=Mg s [highest particle produced at LHC] - M ¢p
» Assume generally AM > O(100) GeV - open spectra -> high energetic objects
= If AM < O(100) GeV - compressed spectra = very difficult experimentally

These 3 assumptions + naturalness = “plain vanilla” Weak scale SUSY
That we can discover (or exclude) at the LHC
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SUSY at LHC : strategy (1)

A Natural Spectr

General “bottom-ub/” viewpaj

1 TeV
The “Nuclear Family”
of the Higgs

500 GeV |

«— Closeness to Higgs
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SUSY at LHC : strategy (2)

Case 2 MSUSY o
i.5. " Multi bn:!s(zts
A Natural Spectr Case 1 < . —p M.
General “bottom-up” viewpoj t, b, %0 , _— [¢ fon () = P
Mmoo ol élﬁ + 0/1/2 photon
. %0 G <Eepton (1)
I TeV | MLSP Photon (y)
The “Nuclear Family” * Absolute value of vectorial sum: E;™ ~ AM
of the Higgs
500 GeV._|

-
* Number of b-jets <
* Endpoint at me~(Mgy>M; 6p?)/ Mgy [0802.2879,0910.0174]
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Case 2 M
% : R OW "i1+,‘i20 SUSY Courtesy of Anna Sfryla mcn mT2
< jet
. Case 1
P> .
Sl ~e~0l ~o ! Tepton () |2 0/1/2 jets
I Xa t é jet + ETmiss
b G \fepton () I

+ 1/2/3/4 lepton
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MLSP Photon (y)

* Absolute value of vectorial sum: E;™ ~ AM
* Number of jets (can be jet-veto !)
* Endpoint at my;~(Mgy g, *M, p2)/Mysy (hep-ph9906349,0304226]
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Events /2 GeV

Data/MC

b-jet efficiency

SUSY at LHC : ingredients

E,™ss Tail (and shape) under control Jet energy scale under control

. i : . 1 OCMS preliminary, L = 11 fb Vs =8 TeV
Lat2015' ATLAS Preliminary 2 E T ETotal uncertainty 3
s 8TV él,%tazﬂ‘& ; o — Absolute scale S
& MC ttbar = gb -~ Relative scale =
=m§ wz IS = -o- Extrapolation =
il % I = Pile-up, NPV=14
ATLAS-CONF-2013-082 S 4E = Jet flavor 3
S = CMS DP-2013/010 -+ Time stability E
5 —
8 E Anti-k,; R=0.5 PF E
= ap =
3 =
28 =
1= T ERege o oaseee
.............................. =5 :
EP™ [GeV)
P, (GeV)
B-tagging understood Photon understood
14— N e : CMS Preliminary 2012 Vs = 8 TeV
! | 7 B N e I I S I I L L R
ATLAS Preliminary I L dt=20.3 fbo ' | = - 00<ml<0.8 fL di= 19.62 b’ ]
o 8; \s = 8 TeV - é 1 ; N f:
A " & L - = : —o— o :
i —G-HOF#% 0.9~ =
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| — r — ]
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I ATLAS-2014-004 | D7 CMSDP-2013/011 3
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SUSY at LHC : keys of the success

Very low o~1fb - 1pb

G (p b) N(evt) produced
in 2012 @ LHC
F Vs=8TeV
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@ Powerful discriminants
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3
©

A <1.8Mg sy
SUsY

Background estimation
ultijets: jet smearing method

2-W, Z, t, VV : control regions

uncertainty

systematic

>

statistics

- -
----------

contaminatiqn

Closeness to signal region

3- ttV: Monte Carlo
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@ Interpretation if no excess
Constraint model, e.g. MSUGRA
S
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SUSY at LHC : results !

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
25

w— 2010, 7 TeV, 44,2 pb ' === 2011, 7 TeV, 6.1 ' == 2012,8TeV,23.3Mm '
20 120

15

=
w

110

2012 |,

=
©

Total Integrated Luminosity (b ')
w

2010 _//2_91,1
T

W e off et w e ot Wt Lt e o

e.g. ATLAS (CMS similar)

Ardyal . N E T TSP T

General "bottom-uﬁ"' viewpoint

-]

Moo .1 Gluinos (1/2" gene. squarks) 2 (+6)
. “Distant
v + | Cosi”  Stops, shottom 0 7 3 (+6) 16
The "Nuclar- Family”
of the Higgs 0 4 2 (+4) 10
e E RPV, Long-Lived Particles, 6 13 2 (+5) 26
y| B i e Beyond MSSM, ...
i ()8 Total 12 40 9 (23) 82
«— Closeness to Higgs . . .
Citations (Inspire 15/04/2014) ~900 ~2250 ~100 (650) ~3900

Note: ATLAS Higgs discovery paper: 2500 citations

A huge effort from ATLAS and CMS to find SUSY !

Report only on a selection of full 2012 results ...
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EWK S U SY See more in F. Legger’s talk

O Closer look at EWK SUSY O Hypotheses for the result presentation
N = Consider the 3 “extreme” cases
Names Spin | Pr | Gauge Eigenstates ass Eigenstates N
Higgs bosons | 0 | +1 | h,% h,0h*, h, (who HO A° H* = HO AC H*/- q, g, | decoupled (pessimistic)

neutralinos 1/2 | -1 BY Wo ﬂ'10:‘ﬁ70\ Krl ﬁz va ﬁ4 /

charginos 1/2 | -1 w* ﬁ'+’ﬁ'- \6‘1i 62i / (@ (b) (c)
B 13° ﬁ;ﬂf;’ M "'o""o T M, 10, 1
Governed by M, M,, U (tan[3, m,) ) o ) N . 5
B 0,0 1 1
. . . Higgs Bosons o = s 0 o e
Bino  Wino ngg§410 (See S. Dawson) . * " o ' ahals
(m;uz a) (mMg G) (malz G)
Not constrainted
by Naturalness
o G [ Production considered at LHC
H - (——) i = Highest cross-section O(1)pb : Xi*X1, Xo2X1 " (X1 %7.°)
Hy=h " ;in — (=) " Dominant background : WW, WZ (inc. W)
— § N
" b andTevatron = Unsensitive to §,°X;° production at LHC when LSP=Y,°
¢ Closeness o Higs See more in I. Vivarelli’s talk

Note: these searches also address sleptons (see back-up for more details)
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EWK SUSY (1)

Q With ¥,°=LSP, consider only scenario (a)

= All decaying via on-shell W or Z

= At LHC generally consider leptonic decay of W and Z

2| + E;™Ss + 0 jets
;" [ T | T T T I T T T [ T T T | T T T | T T T ] T ]
® - .
0] 160~ ATLAS === Observed limit (+103°%)
é“ 140 _[ Ldt=203fb", 1s=8 TeV ===== Expected limit (+10,,) 7
C XX -W/iw'g [l LEP2 ¢ (1035 Gev) ]
120 :— [_6"»?,;, . Al limits at 95% CL _:
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Ldt=2031fb", \s=8 TeV ----- Expected limit (+1,,)
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EWK SUSY (2)

Q With X,°=LSP, consider only scenario (a)

M 2%, Xt
= Try also with Higgs in place of Z in x,° decay (e.g if M,=) lW(*) lh°(*)
. . M, 211°
» Combine several Higgs decays (bb, WW, ZZ [y, 1)
1-41 + E;miss
CMS Preliminary \E 8 TeV, _[L dt =19.5 fb™ CMS Preliminary \s=8TeV, J-L dt = 19.5 fb’
05||||||||||’|||||7:‘||||||| ; _'|""|""|l:,'1|llll|l ]
E‘ r CMS-PAS-SUS-13- 017 ' [0 140_— B —
) 4'55_ ' O [ CMS-PAS-SUS-13-017 ,}\ 1, X - (WY, )(Hié) combined -
=~ 4F '—o'_ 120 @’1»" ------ expected 5% CLs Limits _T]
o L I S —— observed 95% CLs Limits
3.5 S o = - g\’i:/ —— Theory uncertainty (NLO) 4 -1
: 72 70— WEHE) 100 e expectedtio, oo
3:— == combined observed r —
E ------ combined expected 1I + Zb C
2'5:_ — — 1L expected C
2:_ --- 8S 2L expected —_
B . >3L expected -
1.5 40
12 = i E ............
0.5° ] & 107
o:l‘ 1 | 1 | 1 1 | 1 1 1 | | 1 | 1 | | | 1 1 | F O L ————
150 200 250 300 350 M 3§R G \1;00
Mi? =1 GeV Mﬁ a Mfﬁg (GeV) See also ATLAS-CONF-2013-093 if - Xg [ @ ]
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EWK SUSY (3)

Q With G=LSP, driven by X,°decay to G

=

M, iv

= Scenario (a) gives 2 additional y 2> ~no background !

(b) (0
" BRE M 15
M, 70 M, 1
M, 75 b 0 e e

. ¢w ¢y/ Z5 . WZh OE

= Scenario (b) gives 1 extra W and 1 Z/y - ~no dedicated results yet @ 8 TeV [atias-conF-2012-144]

= Scenario (c) gives 2 extra y/Z/h® depending on AM and tanf3

. miss
(a): w +E;
GGM: bino-like neutralino, tan f = 1.5, ¢t < 0.1 mm
L L L

LIE I WE TR [ L
- —— Observed ( 1 SUSY):
ATLAS  Preliminary ]

GThaory

. Expected (£ 10,,)) 7

) [GeV]
o

~0
¥ 5

.[Ldt= 203" 1s=8TeV

36
38 32 28

Numbers give 95% CL upper limits on the production cross-section [16]

coa b by bvn i by N

300||||\\|||||| A ey I ) ]
100 200 300 400 500 600 700 80O

m () [GeV]

ATLAS-CONF-2014-001
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(c): ZZ( 3212j,41) + E;™'ss

CMS Preliminary \s =8 TeV, L.=195 fb

-
o

(c): h°hO( >4b) + E;™'ss

o CMS Preliminary, L=19.3 fb”, \s=8TeV

T T T |
95% C.L. CLs Limits
=— observed 2/2; + 4/ + 3/
------- expected median+ 1
= observed 2/2j
i - observed 4/ + 3/
o2+ 4g

AT

T l\liill

""""

.
-
-
L 19N
-
o
.
.

1 0-1 .................
-------------

95% CL upper limit onc [pb]

GMSB ZZ+ET™®
tanp =2
M,=M, =1 TeV

1 TN

S-J L LY LI LA LI L L L L LI BN L LI

#589 Expected =10,
== Expected + 2 o,
—— Observed

exp.

NETI ARRRE SAANY FRRNY FRURE ARUNE AR

150 200 250 '30(')'(3502'460
HGeV]
CMS-PAS-SUS-13-006
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CMS-PAS-SUS-13-022

No limit yet !
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t See more in
J. Linacre’s talk

3'd generation squarks :

500
2 : o
O, 450 Forbidden % \\S
M £ 200 (ELSP) &
| TeV 350__ ."‘,X
N B Ao
1] L) = o* \‘\ N
The “Nuclear Family 3000 Y .
of the Higgs B '{\\\\ ;"”\\\
250:_' ‘-‘,.\‘:\7 &"x & L
500 GeV s i Rt
A . il e
Lots of possible decays 2001 < R
z - f'\ o* P
ol = 150 Gl
%(, = ()5 Very close to ttbar topology = “i\ - *
1 v - .* .
0~240pb 1001 DO . 8 .= S =
( pb) - c-*,'... \O‘QX“, { > by, xi_)wxo
«— Closeness to Higgs 50:— g\ . H\ A o ? - tXO
—Illllld..!‘llllll I‘i‘ IIIII IJIllI!IIIIJlIlilI!JlIIII
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m- [GeV]

Before LHC no constraints on stop !!
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31d generation squarks :t (1)

O Most powerful analysis: 11 + 4j + 21b-jet + E™ss final state

= Design very carefully Signal Region (discriminant var.+ phase space regions)

= Can look at two scenarios

100%A?->t)?10

100% t ->by,* ->bWyY,

1308.1586

cMs Vs=8TeV,[Ldt=19.5f" |  CMS /s =8 TeV, Ldt =195 b
""l""l""l""l""|""|""' "l""l""I""I""I'i'" 102
pp - 117 ==== Observed (+16""") | 400F-pp - iii—b i === Observed (+1"""")

BDT analysis ~——— Expected (+1c) - BDT analysis —— Expected (+15)
unpolarized top

Seriously bites in the naturalness area for open spectra !
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3'd generation squarks

O Situation in July 2012 at ICHEP — at the time of the

S’

M(LSP)= ®
200 Gev &,
5

e
20/5/2014

FIRST LIMITS (July2012) ! Vs=7 TeV, L=5fb

?

Eed
-—h[

, production: f,— b+if, if—) Wy

t(2)

Higgs discovery

? (BR=1, m, <200 GeV); T, -t (BR=1, m, > 200 GeV)

\IllllIIIII\l\I\I‘
I\

7

T 1 T I LI | T | T | T | T T
. Observed limits (- 10'3USY - b %~

—— Observed limits (nommai)
Ldt=4.7fb {s=7 TeV ---- Expected limits (nominal)

Status: ICHEP 2012 Al limits at 95% CL,

40
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[
'E

|
= i

- t+x (m. > 200
- 0 Ieplon

—— 1-lepton

.\ =S 2-epton

||\‘\IJ|III|II

e > M ( 106 GeV)

~~~~~

350

“If you cover the white space then RPC Weak scale SUSY is probably dead”
R. Barbieri (ICHEP2012), Summary Talk

300
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- W™+, (m. <200 GeV)

124 Ieptons + -jets (mx =106 GeV)
e 1/2-leptons +pp-jets (m =2x rqu)

400 450 (00) 550
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3'd generation squarks

O Many other analyses and a lot of progress since ICH

FIRST LIMITS (July2012)| Vs=7 TeV, L=5fb 1

o s oo

“Final” LHC Run I:

t(2)
EP 2012

Vs=8 TeV, L=20fb 1

t1i1 production Status: Moriond 2014
S‘ ""l"""'"I"'T|]"ll|l'l}lllllITlllllfllllllllTlIlllll
© 600 ATLAS Preliminary L,=20-21fb"vs=8TeV L, =4.7" 1s=7 TeV
(‘2. B N oL ?ﬁli" OL ATLAS-CONF-2013-024 OL [1208.1447]
B Hoe = L t—)tx 1L ATLAS-CONF-2013-037 1L [1208 2500]
G5 | == Observed limits g i
= _ x 21 [1403.4853] 2L [1200.4186]
E 500 | ==" Expected limits . 2L tabe 20 [1403.4853] s
L. oL monojalfmagt-scx 0L mono-jetic1ag, CONF-2013.068
N L Al limits at 95% CL ——— 0oL, My =M,+5GeV 0L [1308.2631] -
? - [ RE- W —»bz m, = 106 GeV 2L (1403,4853] 20[1208.4305], 120 [1209.2102]
{GGV] — 1 g i 3
- | CDF26fb'[1203.4171 = 1 ! —ib[ m, = - 150 GeV 1L CONF-2013-037, OL [1308.2631]
\/S 718 TeV, L= 5/12fb -1 400 : ! = o tabxl m. = m; - 10 Gev 20 (140 4853 :
“fﬂoﬂuﬁ\m & =l 1oL l —b¥, m =2xmy, 1L CONF-2013-037, 2L [1403.4853] 1-2L (1200 2102)
3 T B = ot “) 0 " ) = 0 <0 T )
& as0 ATI.AS Prehm\nary - L‘ b va xf—) Wt ! x‘ lI—) [o] x1 /21—) Wb x1 ft1—> t x1
8 R -
o} EER 300 [ o e &
L @i‘k/ ‘I
B N “ '.l
200 .;
5 6; “~ 154 Ge‘i’)
E = =
L~ I}
7
100 ~ L,

___200 250 300 350 400 450 500 550 600 650
m; [GeV]

First results @ \/s 8 TeV, L=20 fb -

150 200 250 800 350 400 450

!
600

e 300 500 300 400 500 600
3 " arlas vt A S A Different scenarios for x,* mass
- ekl = 4 for Xy m; [GeV]

200 400 700

=» Today not much white space !

) [ T o Pl
i
400 500 600 200 300 400 500 600 700
m; [GeV]
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31d generation squarks : t (3)

O Look at every uncovered corners

= Vary the branching ratios 100%->50%, polarization assumptions
= Very Compressed spectra. t1 ->C X;°  CMs-PAS-SUS-13-009, ATLAS-CONF-2013-068
= Top mass funel: t2 >tx,° or tZQZ/H tléz/H t X0 1405.3886 (CMS), 1403.5222 (ATLAS)

M- = 500 GeV ATLAS L, =203fb" Vs=8TeV

ey = ledi3ey 1,1, production, t, — Zt,, ht,, tx1; [ tx1
m; = Mo + 180 GeV

- Observed

=== = FExpected

BR(t, - Zi)

A Natural Spectrum

General “bottom-up” viewpoint
M ceder fia br d
' | “Distant
| Cousins”

1 TeV
The “Nuclear Family”

of the Higgs \_H

500 GeV | N E
L

i ; (_: )@
bt b — s
()8

A 0 = 0
BR(, —» i) BR({, - )

+«— Closeness to Higgs

Q G=LSP also actlvely pursued and gives m(t ~)>O(500) GeV
= NLSP=Higgsino-like : t1 >b¥,* -> bff'x;0 -> bff'ho(->yy, bb)G 1312.3310 (CMS)

= NLSP=Higgsino-like : t1 ->byx,* -> bff'x,0 -> bffho(->22)/Z (->Il) G

= Other NLSP scenario also looked at, e.g. T; NLSP: t;>bv.T;2>bv.V,. TG  ATLAS-CONF-2014-014
17

1404.5801 (CMS), 1403.5222 (ATLAS)
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3'd generation squarks :

120

T T T T T

b

(%5 [ ATLAS ' ®  Datavs=8TeV,20.1 5’ ] = 600 T T T
E s il = it oy 4 SSUSY
A Natural Spectrum. g o e | & [amas S S
ok = , ] e rc.. ... |m== Ex limit (+1 0,
General “bottom-up” viewpoint g - = it . €500} [ Lat- 201", 158 Tev poom e |
M P viewp L o 80— — o,:m"m" = N I coF 265" 1
- g be = - m(,)=500 GeV. miz’)=1 GeV 3 400 ALt e 9a9%.GL [ poszmw’ 4
“Distant 60— = m(?l)uscur GeV , mGz)-100 Gev | ATLAS 2.05 b, 1s=7 TeV -
L m(F)=105 GeV i 3
1] | = N
| TeV _ ! Cousins' a0l = gi, 3
The “Nuclear Family” C ] 1
of the Higgs 20— - ]
C ] )i g
Dl T et A e : .
500 Ge | = F T 3 i 3
4 = E 3 \ 1
(+)w - RN s e Zua 8 ]
" ! 7 1 60 1 5|0 260 250 360 35;0 460 4;’30 500 100 200 300 400 500 600 700 800
(+)8 Me; [GeV] m. [GeV]
) "' CMS Preliminary, 19.4fb 7,8 Tev + baw 500 CMS Preliminary, 19.4 fb™', {s = 8 TeV
+«— Closeness to Higgs Signal region with N -2 B0 Zvets = e 5 -
102 & w i =:1(Iv)o-1els o) pp —bb,b— b¥% NLO+NLL exclusion
E | 1 op i
= mw .(_D_, 500 == Observed *+ 1 Siheory
= I oco S <7 Expected+ 10, criment
i 10 - é".'im“ﬂso Gev,mwiso GeV E—l — -
Two possible decay channels: i S i 400 1
1 'B%bﬂ)’( 0 . CMS-PAS-SUS-13-018 @ BB .- .
- 1 1 B H
. . i - 300 —
Signature: 2 b-jets + Emiss E B I
107 200 |
~ = = =
'~ - " .
2- bR, > DWW, : . :
AL : ! <), 2F ‘ 3 100 H
Signature: 2 like-sign leptons + g}gug- by |1 3 H
miss 1 5E 3 |
E.™ss + 2 bjets - S0 TR
0 100 200 300 400 500 600 700 800
M [GeV] Msbottom
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Seriously bites in the naturalness area !
Similar for b->t};* and G=LSP (covered by G=LSP stop searches)
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Gluinos searches [ =7oc">

1, 2, 3 or 4-step decays

A Natural Spectrum. A Natural Spectrum. A Natural Spectrum.
T “, oy . .
General “bottom-up” viewpoint General “bottom-up” viewpoint | General “bottom-up” viewpoint o
M I M diabp M 1= 12 bp |
- “Distant “Distant “Distant
1 TeV . Cousins” | Tev | . Cousins”  1TeV Cousins”
The “Nuclear Family” The “Nuclear Family” The “Nuclear Family”
of the Higgs of the Higgs of the Higgs
500 GeV b 500 Gev i 500 GeV. | ;
T by J ] DN~ , b ,
Eg t ( _L_) = i_-,,g / i ( _"_ ) w E’Lg . A ( —_ ) ]
N — P I mE=— N1 b= :
) =y - ) B 0 L) B 0 I)E
G
«— Closeness to Higgs «—— Closeness to Higgs «—— Closeness to Higgs

Note: These searches also address 15t/2"d generation squarks
(see back-up for more details)
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Gluinos searches (1)

ad With )'Zlo:LSP, consider g~9qc'|v(*)9qq xhio / qu)'Z'lO [cTzlrst/Z nd generation]

= With 2-10 high energetic jets + E;™S : cover at best compressed / open spectra

= To maximize coverage, split in number of leptons (0, 1, 2 generally like-sign)

1 step decay 2 step decay
mOCCMS L=1951b",\s=8TeV a0 glg‘l’q‘jqqlwvl"ﬂ?, ).(-112 o S Simplified model, §§ — qaqA %%, — 9898 W'W* 1'%,
a-hs A i i . B _—— | T T T I T T T T T T | T T T T T T | T T T I T T T
PP— 83,8 qq ¥, NLO+NLLexclusion ATLAS Preliminary PRD 86 (2012) 092002 oy % 1.4 Observediimit(4.71",7TeV) ATLAS Preliminary |
e —CObserved+ 10 -900 [ 1-epton + jets + E™ e % E,," [ == Observed limit (+1 ool b
= Lo wmay ! Pty T Qoeenedlnd fhaietyy) J 5 = [ ---Expectedlimit (+1a,,) _[L dt=2031b", \s=8 TeV]
goo| === Expected +1o . -1 LM .. Expected limit (hard lepton) 5] £ oxp
nss —__experiment 800 Ldt=203fb, 1s=8 TeV 6‘?_,:“3 2 —— Observed it (sof lepon) g § 121 m(LSP)=60[GeV) 0-lepton combined .
TOOf—(b) 4 = = 200 s Observed limit (+1 cm) "gr” : 5 n4z EXPQC"??;"““ (soft lepton) g % - = ]
= i g P 3 L1 _/f —
600— FotTo BT o = b a1 3 TES e’ e ]
E . ol s o 600 / . E £ p ]
500 = 500 o o 3 5 .SE, 7
0 F 1 : 1
400 1 e
: | . 400 033 3 06 o ——
300 - ]
C 300 [, ; ? 04} _]
200F = ' 2 046 o2 005 0.04 P! 002 o | b4 ]
3 20057 ATLAS-CONF2013:062° . 4 {: ~ 13 : :
- & ‘523 I'SAS cg ! 0 93 R B oot  E 0.2 ATLAS_CONF-2013-047 —
100 = 100 == 3|4 ; LT ot A\ o5 004 iy o 2 TE ..-""':' i ,
L e ol | e s - ]
m 110 1 L ts) L l.-"gok 1 10051 L 1 1 Lok 0 11 L1 1 L1 1 L 1 I L1 1
400 600 800 1000 1200 1400 200 400 600 800 1400 1600
m, [GeV] gluino mass [GeV]
20/5/2014 Pralavorio Pascal SUSY@LHC (Blois 2014) 20



Gluinos searches (2)

a With '5'(10:LSP, consider g~9qa’(*)9qq)2'10 / qu)'\('lO [q=3" generation]
= With 2-10 high energetic jets + E;Mss
= Split in number of leptons (0, 1, 2 like-sign) and bjets (0-3)

g-g production, g—tt ﬁ?

%‘ :l I TT 173 I TTTT I TTTT I TTTT I TTTT I TTTT I T :';ll I TTTT | TTT |: %‘ 1000 :E] 1 ! ! |L'—I— ‘I\L: ‘7|.'L‘] . ! I !
S, 900 :—?_MSSI_Tz Vzo ib™ -gziv::gzz_dﬂo: :L n;:T;.:T.ni]ets = % -Lsp Aﬁ AS Prelian?a’rEt‘“'*'
2 F¥s=9le o “Er e . = Bl Ldt520.1-20.7 15" 15 =8 TeV
g 800~ — observed — arXiv:13114937: EM 41 lepan, 26 —] E - Q'%I ‘*\ ! WEphTe
a Eoo Observed -1 6{ 70 _ 41xiy.1311.6736: E™™ 42 Iep(SS)sb-fots (@) E (6) \
@ 700 ---Expectad . . 3 (& 800 — N ‘-9\\ /
o - - "
= = = - AN
- 3 <t 700 (X /‘
500 3 o C
3 3 ! 600 —
400 3 -
300 3 500 |—
e E 400 [— L
100f = - ]
= 5] 300 —
0 il AP BRI (NI (S i vt | P 1 | ¢ i B Ca N N
600 700 800 900 1000 1100 1208 1300 00 1500 0

gluino mass [GeV]

MSUGRA/CMSSM: tan(B) = 30, A = -2mg, it >0

Status: SUSY 2013

- = Expected
= Observed
- = Expected
= Observed
- — Expected
== Observed
= = Expected
=== Observed
= = Expected
= Observed
= = Expected
me= Observed

T T T T
95% CL limits.o5USY not included.

T T T T

theory

0O-lepton, 2-6 jets
ATLAS-CONF-2013-047
O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026
2-SS-leptons, 0 - > 3 b-jets
ATLAS-CONF-2013-007

|IIIf|lIII|IIII

-t ]
~ vl )
~ /

3 I3 ‘ i t |
\ = i —
\ 1 -
\ [l =
3 ¥/ TR N T N S R R l PN R ST T R I‘ =

1000 2000

3000

4000

In all cases, m(g)>0(1) TeV for m(x,°)>500 GeV!
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(a) (b)

(c)

Gluinos searches(3) =~ ™ ™~
M, 200 M, %° My 7
~ ~ ~ M y u’ M, 1 p RIS
: B : ;
Q With G=LSP, driven by x,° decay to G | . mJWwZE . WZIh;
= Ask many energetic jets + E;Mss
= ... as well as additional photon(s) and eventually leptons/b-jets
(a): yy + E;miss (c): YhO(>2b) + E;mss
GGM: bino-like neutralino, tan f = 1.5, ct < 0.1 mm - hi ino-li i e
o] 1100, 20M: higgeino lke neutialing, tanpe1.5, <0
G180 ATLAS  Preliminar = ke e —=t -
=k y B Expected (£ 1 0,.) S 100035 <
21500? J.Ldt=20.3fb", Is=8TeV s Expected (£ 2 o, ) é 900; _;
..................... 2 800F E
................ =) E a
-------------- O 700F  ---. Expected limit (+15,,) =
- 600 f_ Al limits at 95% CL ATLAS _%
3 500F- 1211.1167 det=4.7fb'1 £
- ATLAS-CONF-2014-001 - :
- 400F \s=7 TeV =
- - g NLSP ]
1000_llllllllllllllll|l 300:—||||1||:||||||||||||||||:||:||||1||||||||||—:
200 400 600 800 1000 1200 1400 200 300 400 500 600 700 800 900 100

m (¥;) [GeV]

Here also m(g)>0(1) TeV ...
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Conclusion on natural SUSY

O The giraffe turns into dinosaurs ? O Other escape routes provides
R 1 0 : extra signature at LHC

= Vestige of SUSY spectrum at O(TeV) :

Generally comes with “long”-lived particles

\ = R-Parity Violation: Multileptons, No Z,

multijet resonances, Lepton Flavor Violation

= Beyond MSSM: additional scalar particle(s)

=>» Generally background free searches !

Weak scale SUSY still alive if :

-- compressed scenario (limits are weaker)

-- complicated SUSY spectrum (intricate decay chains)

-- hard at low luminosity (X;*X, 2> WWX,%,°), Higgs in cascade
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Long -Lived Particles

See more in
I. Tomalin’s talk

MetaStable Detector Stable
ATLAS-CONF-2013-092 disappearing (kink) |} stable massive
CMS-PAS-EX0-2012-037 - : particle
o ASPAT;ExQ;2413-03 ot - |t
Non pointing Ispia - il slow (B<1,
yIZ vertex ! long time
_ - i i offlight) ~ penetrate
o~ A a detector
0(1-100)mm O(10) mm O(100) mm i> O(1000) mm decay length
- J
.o .o Y o .
Lifetime-Mass limits
A
.+_Neutralino Chargino  ap-suse . Gluino , ,
E JE CMSexp. 49M",7TeV 2 = ’""?””’””‘W'?"’?’”i o 1300} ATLAS == Expected Limit
‘E‘ 107 C o= e obs. arXiv:1212.1838 Il L : : ] (-2- [ Expected Limit (£10,y,)
5 E- GMSBi-vG 5 = b » 1200f 50 b1 @ 5 =TTeV L
® E T s ATLAS exp. 4.8/, 7 TeV 2} g — QObserved Limit
€ [ M,=2A tan(B)=15 ) : E iy 29 @ Vs =8TeV o s
S10°L Kool obs. arXiv:1304.6310 . % 1100} - Live time = 389.3hours | vt Observed Limit (£1a35Y) ||
> E ' CDF 2.6 fb" arXiv:0910.3606 : ; 1 ‘£ E- glaa+ X"
§ 10° [ 00 (prompt) 6.3 " ariv:1008.2133 13.10.36;? > . | c.‘? 1000+ gl;nc:ncmifa(:;i: Jet Energy > 100 GeV
8 e [ ATLAS (prompt) 4.8 fb”, ariv:1209.0753 (dlsappea ring track) ' e %
2 10* 1 : . 900}
g B e, g ]
& x 1 8001
210’ 1
EE %7 b A ATLAS | ——
§10’§— """" \s=5TeV.ILdl=20‘3 ' |
¢ | l404719177T | R — s k- BT TSI [ARRA W DY .
10k 1 &F& = e 1310.6584 (Stopped gluino)
S 10 s ATLAS (15 = 7 TeV, 4.7 b, EW prod.) 500 : : : :
1 - I ALEPH (Phys. Lett. B533 223 (2002))
e e e e e B e e e e e I (VTS [P ‘Stable’ %! i i L i i i i "
100 120 140 160 180 200 220 240 260 280 300 400 = a; = = 0 2 T G 5
. 100 150 200 250 300 350 400 450 500 550 600 10 10 10 10 10' 10 10 10° 10
Nuurrafine: Mons [GeV] M. [GeV] Gluino Lifetime [seconds]
See also 1305.0491 (CMS), 1211.1597 (ATLAS),
ATLAS-CONF-2013-058
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See more in

R' Parlty Vl O | atl O n R. Franceschini’s talk

O R-parity violating search at LHC

(48 new Yukawa couplings)

W = WMSS’M ‘|’ &jkLiLjEk + /\;,JkLngD/k -|‘ ﬁiLiHu + /\,JkU D Dk

Lepton Number Violation (LFV) Baryon Number Violation (BNV)

Ex: if one A#0 and ¥,° is the LSP > spectacular signature for gg

A, #0 implies x;°2euv = 24 lepton

e -0 =0 0 +
PP—99—>qdy qdX; I —2VITA,>0

;1800_1A'=‘|['.‘I"‘|"'|""
E_‘g_‘ 1600:_ TLAS Prellmlnary 1e:p(l;r\zj’cl LSP mass-range: >
wr O F | Ldt=20715" ys=8 Tev eV <m <mg- 10 GeV
E 1400; s Observed limit(21050r) L

- [ — Expected limit (£10,,.) )

[0 AtLAs 4L 8TeV 131"

not explored
All limits at 95% CL
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IIIIIIIITIII
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=
@
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IIIIIIIIIIIIIlllltllllllllllllll’ll

0

600 800 1000 1200 @ 1600
m. [GeV]
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A;;1¢0implies X.°2uuu = 2x3 resonant jets

= 10* | s |

=3 —— Obs 95% CL Limit
2N Exp Limit

o 10°F @ +10 Exp Limit

c'r.F /o +20 Exp Limit :

1o 102 | gg Cross- Sectlon (NLO+NLL)

l? BR(t)_O% BR(b)-O% BR(c)= 0%

e 10 : c[l.dt ~2031 " S=8TeV

B ATLAS ONF-2013-091 :

1 See also1311: 1799 (CMS)

10"
1¢®

ATLAS Preliminary
1 0—3 | TN
600 800

(1000)

i
1200

m; [GeV]
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Beyond MSSM

SUSY can be realized in other ways

Dirac
gauginos

NMSSM

singlinos

CMSSM

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

20/5/2014
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O Dirac gauginos in N=2 -> scalar

M(sg)<350 GeV

sg=>qq
2x2resonant jets

N=2 supermultiplet

0q 0Q2 o

95% CL Limit 5 x BR [pb]

M(sg)>350 GeV
sg>tt
2 like-sign leptons

L JNECL T ) I P O I T ] WL SR O SO WL SN I A
i ; —=— Observed 1
10t ATLAS ILdt=4‘6 ' Expected =
F 2% \s=7TeV W+ic 3
t2¢ ]
10° “< Scalar gluon _|
E ---Hyperpion 3
— ATLAS 2010 A
10°F 3
11210.4826 )
10 ? 3
S BN B Y <Sl A
100 150 200 250 300 350
T LT L L U W ) R
g’ ]
T I i Expected limit at 95 % CL _|
£ [ Expected limit + 1o 3
g B [ Expected limit + 26
X . 45544 Theory (NLO) _
e E —e— Observed limitat 95 % CL 3
ol NF-2013-091
102 ATLAS Preliminary -
E . 4_315: ls=8TeV ~ . | 3
3 04) 05 06 078_08J09 1

gluon mass [TeV]

O Add a new singlet: NMSSM, Stealth SUSY

Relax Higgs mass constraint, remove E;™ss, add
more leptons / y/ b-jets ... (see e.g. 1210.2052)
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O Particle Physics is truly beautiful and SUSY serves

Conclusions

a natural purpose

—>From LHC run1l results, seems not the case for plain vanilla SUSY (RPC, LSP:>'(V10/('3V open spect.)

= Strongest conclusion: Gluino mass limit above 1 TeV in “all” cases

= Stop/Sbottom | not present below 500 GeV - still hidding ?

» EWKino sector still model dependent. Need more luminosity

O Still many ways to escape current limits ...

= With LHC next run, ATLAS/CMS will continue to explore this uncharted territory !

Squark-gluino grid, m _ = 0. \s=14TeV METAHT>15GeV'?

ATLAS-PUB-2013-011

51000,

S 4000 L ! Zase o] J 9 0 ATLAS éumuiana}l Prehm:lnary ‘ ' I 8
8 E E S 2000 1" sevacy tiash = S, 900 =300 fb™! (<}i>=60) 56 discovery E g‘i L
- — 00" dacovery s 1 O'ZC % 800 \s=14 TeV 0 <60 95% CL exclusion 500—
E 35001 £ 3000 b (chom140) 3% OF xelusion 3 -
700 EATLAS 8 TeV (1-lepton): 95% CL obs. limit] I=
i DATLAS 8 TeV (0-lepton): 95% CL obs. limitJ 400—
3000 10 600 e, E
S N w e 500F-0 and 1-lepton combined . oo~ 7
2500/ 10* 400 L. 7
rATLAS-PUB-201 s0oF-
C 300] B -~
2000} Zn: sys=30% 10°% 200 r £ o
S Preliminary (simulation) ] e
LUl 1 1 1 1 6 1a0 -
1 5‘:’02000 2500 3000 3500 4000 10 0 B
lTla [GEV] ms-[op [GEV]

600

\s= 14 TeV

r 3-lepton channel
F TR oWz

300 400 500 600

ATLAS Simulation Preliminary
===+ 3000 fb™' exclusion, p = 140
===+ 300 fb™ exclusion, p = 60
[l 8 TeV, 20.7 tb exclusion

o .,

Pl LT Lt

Py +
e Y
o .

AT 0D i
700 800) 900 1000 1100 1200
mx,miulGeV]

i

“It ain’t what you don’t know that gets you into trole. It's what you know for sure that just ain’t §§M. Twain)
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Naturalness (1)

O Particle physics is truly beautiful, SUSY serves a natural purpose...
= Standard Model (SM) is an effective field theory valid up to Ayp M. Veltman, Acta Phys. Polon. B 12, 437 (1981)

| Classical Quantum Quantum Quantum Quantum
\
[ ] = fﬂhhhh .
I A g
| 'Y 'é'
I : T
-2 ana 2 2 2 2 .
(1280 =m; = W'+ Mz® + M%) Ayp® +omainiayet)
J

If all t, W, Z, H have s-1/2 partners this could solve the problem

20/5/2014 Pralavorio Pascal SUSY@LHC (Blois 2014) 29



Naturalness (2)

O Particle physics is truly beautiful, SUSY serves a natural purpose...
= Standard Model (SM) is an effective field theory valid up to Ayp M. Veltman, Acta Phys. Polon. B 12, 437 (1981)

’ Claslsical Quantum ,Quantum Quantum Quantum
1 : ' =75
| I . P
l l .l \‘
- = X + -+ s r
[ 1 " Py
I s " "l
. : : j
B i - 2 3Ge (4,m 2)A & 3Gk 2 2% 2 4 A 2
(1252=m?> = (m)o ~ yvam AMEANS? + 55 (2my? + mz? + m,2) Anp? vomeinian/u)

= SM is natural if Am,2<m,? = LNP<500 GeV
= Some SUSY realizations are ‘natural’ candidate for New Physics (NP) (e.g. for the top loop)

Classical
I 1
I 1
1 1
- = X
| 1
| 1
| 1
2 - 2
ms (m;)o

20/5/2014

Quantum

|

Quantum
1

—— ]

S. Dimopoulos, H. Georgi, Nucl. Phys. B193 (1981) 150

Imposed by SUSY since t

/~ s
+ 1 t A2 and t are part of the same
f/ supermultiplet

\

\_’I
1

G -7
. 4J;1;€4m'2)ANP2 + BGF (4mt2)/\m +O(mMm2In[Aye/mg) )

Y

G
R @ mIn (M)

Pralavorio Pascal

Note: to have 4, two scalars
are considered (tzg and t,)
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All 8 TeV/20 fb -1 ATLAS/CMS results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Short Title of Paper m ) | L (i) | Document | Plots+Aux. Material | Journal

9+23

2 same-sign / 3 -leptons + 0-3 b-jets + Etmiss [Incl. squarks & gluinos] NEw  4/2014

2 leptons (e,mu) + Eimiss [chargino/neutralino/slepton] new

Z +brjet + jets + Etmiss [Stop in GMSB, slop2] NEW.
2 leptons + (bjjets + Etmiss [stop] NEW

3 leptons (e,mu tau) + Etmiss [chargino/neutraling] NEW

Long-lived stopped gluino or squark R-hadrons [Split-SUSY]

Disappearing track + jets + Etmiss [Direct long-lived charginos - AMSB]

0 leptons + 2 b-jets + Etmiss [Sbottom/stop]

0leptons + >=7-10 jets + Etmiss [Incl. squarks & gluinos]

Short Title of preliminary conference note Date | s (TeV) | ; 1) | Document ﬁ

Stop in b, tau and gravitino NEwW

General new phenomena search NEW

2 photons + Etmiss [GGM]

1 lepton + bb(H) + Etmiss [EW production]

Muen + displaced vertex [RPV]

Multijets [RPV]

2 ieptons + jets + Etmiss [incl. squarks & gluinos]

0 leptons + mono-jet/c-jets + Etmiss [Stop in charm+LSP]

2 leptons + (b)jets + Etmiss [Medium stop, MVA]

1-2 leptons + 3-6 jets + Etmiss [Incl. squarks & gluinos, mUED]

0-1 leptons + >=3 b-jets + Etmiss [3rd gen. squarks]

Long-lived slepfons
2 leptons + Etmiss [EW production]

0 leptons + 2-6 jets + Etmiss [Incl. squarks & gluinos]
2 leptons (+ jets) + Etmiss [Medium stop]

1 lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop]
3 leptons + Eimiss [EW production]

4 leptans + Etmiss [EW produetion, RPV]

0 lepton + 6 (2 b-yjets + Etmiss [Heavy stop]

Z + bejot + fets + Etmiss [Stop in GMSB, stop2]

1-2 taus + jats + Etmiss [GMSB]

2 taus + Etmiss [EW production]

2 same-sign leplons + 0-3 b-jels + Elmiss
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03/2014
03/2014
01/2014
0872013
08/2013
08/2013
08/2013
0772013
0712013
06/2013
06/2013

06/2013
052013

05/2013
05/2013
03/2013
03/2013
03/2013
03/2013
032013
0372013
03/2013
0312013

© @B ® o ® B ® D DB BE® O ®® O R R P ® O @

3/2014
32014
372014
22014
1072013
1072013
08/2013
082013

@ e © o ®

@ @ o

203
203
203
203
203
203
203
203
203
203
201

159
203

203
203
207
207
207
205
207
207
207
207

203 1404 2500
203 1403.5294
203 1403.5222
203 1403 4853
203 1402.7029
279 1310.6584
203 1310.3675
201 1308 2631
203 1308.1841

ATLAS-CONF-2014-014
ATLAS-CONF-2014-006
ATLAS-CONF-2014-001
ATLAS-CONF-2013-093
ATLAS-CONF-2013-092
ATLAS-CONF-2013-091
ATLAS-CONF-2013-089
ATLAS-CONF-2013-068
ATLAS-CONF-2013-065
ATLAS-CONF-2013-062
ATLAS-CONF-2013-061

ATLAS-CONF-2013-058
ATLAS-CONF-2013-043

ATLAS-CONF-2013-047
ATLAS-CONF-2013-048
ATLAS-CONF-2013-037
ATLAS-CONF-2013-035
ATLAS-CONF-2013-036
ATLAS-CONF-2013-024
ATLAS-CONF-2013-025
ATLAS-CONF-2013-026
ATLAS-CONF-2013-028
ATLAS-CONF-2013-007

Link
Link
Link
Link
Link
Link
Link
Link

Link

Link
Link
Link
Link
Link
Link
Link
Link
Link
Link
Link

Link
Link

Link
Link
Link
Link
Link
Link
Link
Link
Link

Link

Submitted to JHEP
Submitted to JHEP
Submitted to ERJC
Submitted to JHEP
Accepted by JHEP

Phys. Rev. D 88, 112003 (2013)
Phys. Rev. D 88, 112006 (2013)

JHEP 10 (2013) 189

JHEP 10 (2013) 130
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

11+18

Anaiys €O Entry uminosity
Plots

Search for top-squATk pair ProduCtion with HIggs and Z bosons in the final siate Inpp colisions 888 _ P

Tov o :

S6A1EN 107 BAOMAI0US POAUCTON OF GVEALS WITH TG0 OF MOro I6PIONS In PP COSIONS ot B ToV. SUS13002 195m

Search for New Physics in Multjels and Missing Momenium Final Stato in pp colisions al 0 TV SUS13012 105m

Search for SUSY Pariners of Top and Higgs Using Diphoton Higas Decays in pp colisions ot 8 ToV  SUS13014 105

SGBIEN 107 Raw PhySICS in 6¥OLS WiTh Same.Sign RepLons and ot in Pp ColsIONS. ot B TeV sus13013 msm "

SOICh 10 SUDBTSYMMAITY USING VENts WIth 4 SINGIS 1BDIDN. MUINDIO jots. and b-105 sus13007 w3

Search for lop-squark pai production in the singla loplon final stale in pp collisions at 8 ToV. SUS13011 105

Seareh for siop in R-parity-viclating suparsymimetry with thiee or more leplons and b-tags SUS13003 0.5 PR

Soaren for supsrsymmetry Using the Shapa of the HT and MET, and b-jot muRipicly distnbutions susi2024 wam

Search tor in final states and0,1.2.3 orz abjetsin  _ §

g SuUs12028 R

?::m for new physics in events wih same-sign dseplons and b-iagged jets in pp colisions 8t VS =B cusmm - n
Phenomenolegical MSSM Interpretation of the 7 and 8 TeV results 5US13020
Search for direct production of a pair of boltom squarks SUSs13018
‘Search for top-squark pair production with Higgs and Z bosons in the final state in pp collisions at 8 TeV SUS13024
Search for electroweak production of higgsinos in channels with two Higgs bosons decaying to b quarks in pp collisions at 8 TeV SUS13022
Search for supersymmetry in hadrenic final states using MT2 with the CMS detector at & TeV SUS13019
Search for direct production of stops decaying 1o a charm and LSP using the monojet + MET final state SUS13008
Search for top squarks in multijet events with large missing momentum in pp collisions at 8 TeV' SUS13015
A search for new physics in events with one lepton, high jet multiplicity and high b-tagged jet multiplicity in pp collisions at 8 TeV SUS12015
Search for Direct Top Squark Pair Production with Higgs besons in the Final State in pp collisions at 8 TeV SUS13021
Search for SUSY in Opposite Sign Dilepton events, large number of jets, b-jets and MET in pp collisions at 8 TeV' SUS13018
Search for electroweak production of charginos and neutralinos in final states with a Higgs boson in pp collisions at 8 TeV SUS13017
Search for anomalous production of events with three or more leptons in pp collisions at 8 TeV/ SUS13002
Search for SUSY using razer vaniables in events with b-jels in pp collisions at 8 TeV SUS13004
Search for of charginos, and sleptons using leptanic final states in pp collisions at 8 TeV' SUS13006
Search for supersymmetry in the 3 lepton + b-lag final state in pp collisions at 8 TeV' SUS13008
Search for RPY SUSY in the 4-lepton final state in pp collisions at 8 TeV' SUS13010

Submitted 10 PLB a0y
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Accopted by PRL arXiv 1312.3310

SUbMATeA 10 PRD arXiv 1404 5001 W

Accepiod by JHEP ariv 1402 4770

HEP 01 (2014) 163 aXv: 1311 6736

Submittos 1o PLB a0t 1311 4537

1 111, 2218

7. JHEPOT(2013)0
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HEPOT (

a1

PAS-SUS-13-020 19.5/b
PAS-SUS-13-018 19.4/Mb
PAS-SUS-13-024 19.5/fb
PAS-5US-13-022 19.5/b
PAS-SUS-13-019 19.5/b
PAS-5US-13-009 19.7/b
PAS-SUS-13-015 194/
PAS-SUS-12-015 19.3/fb
PAS-SUS-13-021 19.5/fb
PAS-SUS-13-016 19.7/b
PAS-SUS-13-017 19.5/b
PAS-SUS-13-002 19.5/b
PAS-SUS-13-004 19.3/b
PAS-SUS-13-006 19.5/fb
PAS-SUS-13-008 19.5/fb
PAS-SUS-13-010 19.5/b

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

Search for Three-Jet Resonances In Multijet Final States NEW  arXiv: 1311.1799 20/ 10.1016/.physletb 2014 01.049
Search for Heavy Stable Charged Particles arXiv: 13050491 20/ 10.1007/JHEPO7(2013)122
Search for displaced dilepton pairs NEW EX012037 PAS EX012037 20/fb
Search for long-lived neulral pariicles decaying to dijets EX012038 PAS EX012038 20/fb
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O Majorana particles and elementary scalars are genera

SUSY is challenging !

= put constitute most of the SUSY particle spectrum !

= So not alarming that it takes us some time ...

lly hard to find ...

MSSM a.k.a Weak Scale SUSY :
29 sparticles + 4 Higgs undiscovered

[ 211 scalars +5 Majorana + 3

Pred. Disc.
H I $
1964 2012
Pred. Disc.
| i
1981 2029777 Still some time !
Pred. Disc1l Disc2 Disc3
| | | |
1930 1956 1962 2000
Pred.
X | L |
1981 2007!? 2013? 205172

* Assuming Majorana Neutrino

Names Spin | Pr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1| HQ HY Hf H; | Rr® H° A" H*
iy, g d dr T
squarks 0 -1 31, Sp €L Cr (same)
tL tr by br t1 1y by by
€1, €Rr Ve (same)
sleptons 0 -1 LL LR Uy (same)
TL TR Vr T Ty V.
neutralinos | 1/2 | —1 BY WY E ?1'10,7120‘ N; N> N3 Ny i
charginos 1/2 | -1 W .'Fl"', ~ CE CfF -
gluino 1/2 | -1 g I (same) I
Groving) | @y | 1 G (same)

Excellent framework for an experimentalist 2 need to push his detector to the best !
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EWK SUSY: sleptons

O Conclusions:

» First extensive exploration of SUSY EWK at 8 TeV but no generic mass limits
v More final conclusions in 4D (M, M,, W, tanf3) in the making
v' Still a lot of “natural” phase space to explore ...
Note: Unsensitive to X,° X,° production at LHC when LSP=x,° See more in I. Vivarelli’s talk

» Look also for direct charged sleptons production

v O— miss - miss
XC=LSP [21 + Em>] G=LSP [23] + E,miss]
I=e, e, [, [ €g [y, Tz NLSP or co-NLSP .
cMS \s=8TeV, [Ldt=1951b
%’ 350 5 l T T T T I T T T T I T T T T | T T T T I T T T T I T T T T ] ; 500 LI [ l l l LI ] Trrd ' T l I l 2
S, E ATLAS —— Observed limit (+165.5) E (05} =
&7 300 [[Lot-203M7 1s=8Tev o Expected limit (+15,,;) — O E
C Toabn — FE0% B LEP2 i, excluded ] e 400 1404.5801 =
- All limits at 95% CL . -
250 o e E 350 =
r P h =
- // _ -
i 2 & 7 E 3
i . Stau-NLSP and Stau-NNLSP
150~ 7 e . —— Observed 95% CL limits ~ —J
o 7 # —— Theoretical uncertainty (NLO)J
o E Y 2P Expected 95% CL limits 3
i o Expected tio, - E
R ] : ExpeCted i-zom(pe\'lrneﬂlnl _:
%0 1403.5294 ‘ E , » Expected I, puimenat 3
0 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 I"E ) -"; 1 1 : m n:-‘ — d
oo G50 B0 oa . S6p - UBso)  4ob 50 100(15Q) 200 250 300 350 400 450 500
- [GeV] =My (GeV)

20/5/2014 Pralavorio Pascal SUSY@LHC (Blois 2014) 33



m... [GeV]

3'd generation squarks

W

~0
X1

14

t

2 like-sign lepton signature
1404.2500, 1311.6736

51 5, production, 5|—) Ii:, m(i?) =60 GeV

b, b, production, b,—> 0, mi;) =2 m(i?)

O T T As T o 400 phe e e e b b
n 1 r 7]
A F 1 1S & ATLAS ]
70O | Ldt=20.31b, \s=8TeV | g 880l |Ldt=2031" \s=8Tev -
[ Z2samechaigeleptons(s leptons + jots E I 2 same-charge leptons/3 leptons + jets ]
600 [~ === Observed limit (£1 7.00) = 300 [~ == Observed limit (105457 -
F ===~ Expected limit (10,.) E [ ==-- Expected limit (£16,,) ]
500 [ Al imits a1 95% GL — 250 |— Al limits at 95% CL -
- 1 r ]
400 |~ = 200 |- -
F " ] o 1
F i ] r ]
300 [~ ; = 150 [~ o S T —
F . = s e ]
200 :,_ ’:' —E 100 :— '::. _:
oo bl oy of, K, |, .. ()., .7 so s linyaty. {1 SRR |, 1,y ]
300 350 400 450 500 550 600 650 700 300 350 400 450 500 550 600 650 700

m; [GeV] m; [GeV]

20/5/2014 Pralavorio Pascal SUSY@LHC (Blois 2014)

< 1100
= 1000
900
800
700
600
500
400
300

200

b
p ) _h
b = =0
- B Al
\.,\\ ilg ~0
b <. X1

c-l

Multi-b signature (h->bb)

b b, production, b,— b+7.

L™ =20.1 o, 15=8 TeV

B I B o e i o R
F ATLAS Preliminary ===~ Expected imit +1¢,,,  J
E oandi lepton + 3 b-jets channels === Observed limit + 1 Gilf;v 3
E . 4]
E m( i?) - 60 GeV All limits at 95% CF 3
o -0 = —
F X, —h+7% =
EATLAS-CON F-29J,3‘-,951 -
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§-g production, b b+, L™ =20.1fb", \s=8 TeV
= T T T T T )
& 1600 — ATLAS Preliminar B Bxpected limit +10,,,
o y

g - T SUSY =

g° [ Olepton + 3 b-jets channel s Observed limit £ 1 Theary ]
—_— - A -1

1400__m(5(‘?)=60GeV 0I+3b|ets,4.?fb,7TeV:

- - . All limits at 95% CL B

F m(q,)>>m(g) —

1200 ‘ -

C ™ .

1000 — —
800 =1
600
400
400
gg production, g — b'5+i':. m(q) >> m(g) L™ =20.1fb", \s=8 TeV
= B s S B S S S S S B SR
i 1400 — ATLAS Preliminary ==-- Expected limit +10,,, —
a - = . . P SUSY -
5"1200 _ Olepton + 3 b-jets channel 2 : Observed limit £ 1 GTheorv_—
n —— 0-1 + 3 b-jets, 12.8 fb"'
- 1 i 0, —
1000 [ _AII limits at 95% CL 3
a0 [ o5 <
- o < ]
600 | et —
400 - —
200 _:
e U e S N
400 600 800 1000 1200 1400
\-ﬁ‘[ﬁe eV]
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Gluinos searches

— g-g production, 1, — b+f, ﬁf - W*+i? L™ = 20.1 fb", (s=8 TeV
S e B T LIS I o
& - ATLAS Preliminary Bl Expected imit+10,,, -
s - . - susY

£71400 [— g and 1 lepton + 3 b-jets channels === Observed limit + 1 Olheory ]
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1000 : o 3 ]
L [ ATLAS T}, 20.7 fb" PR % ]
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Long -lived Particles

CMS \s=7TeV,L=5.0fb" \s=8TeV,L=18.81fb"
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direct direct+ ch.
prod. indirect suppr.
prod.
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(f=0.1) (f=0.1) (f=0.5) (f=1.0)
ch.
suppr.
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1st/2nd generation squarks

Squark-gluino-neutralino model

;28 T T T l T T T | 'l:- T T I T T T | __.0 T T T T T I T ISUIEY_
Q : — m(x‘)=OGeV Observed limit (£1 cmmyz
g 2600 —, {1l WEgml : 00 === m(i?) =0 GeV Expected limit (+15,,.J_]
a s m(}) = 395 GeV Observed limit ]
E 2400 - m(i‘o) =395 GeV Expected limit _:
E 2900 = . — m(;:gz):sgs GeV Observed limit -
8. S~ S m(3,) = 695 GeV Expected limit ]
9 2000 [ 7Tev (@71 m(Z;) = 0 GeV Observed
1800 —
= I N ), —
1400 [—
1200 [ ATLAS-CONF-2013-047 =
1000 [— o
go0 EINIREIR SRS, . . 1
800 1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]
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ATLAS Learning Machine

O Use the ATLAS experiment to identify the Higgs boso n
= H->tautau channel
= Use simulated data ....
= http://www.kaggle.com/c/higgs-boson/

& www.kaggle.com/c/higgs-boson/leaderboard C m' Google P ﬁ

ost Visited @ Getting Started Barre personnelle | | ScaleOfUniverse JL What if...? (Particle Ma... Institut d'Astrophysiqu...

Customer Selutions Competitions Community * Sign Up Logi

i - Higgs Boson Machine Learning Challenge
Higgs e

challenge I = Monday May 12,2014 E—— Mendey, Septemser 15,
Dashboard Leaderboard - Higgs Boson Machine Learning Challenge

This leaderboard is calculated on approximately 18% of the test data. See someone using muitiple accour
The final results will be based on the other 82%, sa the final standings may be different. et u

£ A1d  Team Name model spioaded *in the meney score @ Entrles  Last Submission UTC (Best - Last Submission
1 Triskelion * 3.67962 16 Mon, 19 May 2014 21:37:03 (-45.3h
2 Dominado * 3.65823 5 Mon, 19 May 2014
3 1 Terry Chen * 73 9
4 Ivanhoe 3.635: 5 Mon, 19 May 2014 08:03:46 (-2.5h
5 8 Abhishek 3.62255 29
6 Dmitriy Anisimov 3.61171 2
7 Hi from CMS 3.59997 21
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