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STATUS OF SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: ICHEP 2014 Vs=7,8TeV
Model ey Jets ET™ [raam™) Mass limit Reference
MSUGRA/CMSSM 0 26ets  Yes 203 m(§lem(g) 1405.7875
MSUGRA/CMSSM Tep 36jets  Yes 203 any m(g) ATLAS CONF-2013-062
MSUGRA/CMSSM 0 710jets  Yes 203 any m(j) 1308,1841
3. Gt 0 26jets  Yes 203 miE])=0 GaV, m{1* gen. Qem(2™ gen. §) 1405.7875
a8, 3..."?“’ 0 26jets  Yes 203 mii})=0 GeV 1405.7875
28, 2-rggt; -oq.;w'i” Ve 36jets  Yes 202 MIT;) <200 GoV. m(i " J0 S(mdE Jomiz)) ATLAS CONF-2013.082
FrN (] tvjwt| 2e.p 0.3 jots . 20.3 m(i;)=0GeV ATLAS-CONF-2013-089
GMSB ({ NLSP) 2e.p 24 jets  Yes 4.7 tangi<1% 12084658
GMSB (7 NLSP) 1-2r+01¢ 0-2jets  Yes 203 tang >20 1407.0803
GGM (vino NLSP) 2y - Yes 202 mii})>50 GeV ATLAS CONF-2014.001
GGM (wino NLSP) Tepsy . Yes 48 mii:)>50 GeV ATLAS CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 48 mii;)>220GeV 1211,1167
GGM (higgsino NLSP) 2e.u(Z) 03jets  Yes 58 mINLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 105 m(G)=107" eV ATLAS CONF 2012147
g_.a.!:g.’ 0 3b Yes 201 mii})<400 GeV 14070600
Bl 0 7-10jets  Yes 203 m(t}) <350 GeV 1308,1841
Feerit Olep 3b Yos 201 m(i})<400 GeV 1407.0500
#—bik] 0-1ep 3b  Yes 201 m(¥})<300 GeV 1407.0600
byby, by —bi} 0 2b Yes 201 | By S 100-620 GeV m(i3)<90GeV 1308 2631
By, By et} 2¢.4(S8) 036 Yes 203 |§ 275-440 GeV mi} o2 mii) 14042500
fify(ight), 7 —bE ] 1-2ep 126 Yos 47 | 1osTGaw miE)=55 GeV 1208.4305, 1209.2102
iy (ight), 7y = W. 2ep 02j0ts  Yes 203 |7 30-210 GeV M) =i, Jon{W)-50 GaV. mi7,)<<mif} ) 14034853
1y (medium), Fy —ety 2ep 2015 Yes 203 |i 215530 GeV m(;)1 GoV 14034853
fyiy(medium), iy —+hi} 0 2b Yes 201 |, - 150-580 GeV m(E3)<200 GeV. m{i | )}m|i})e5 GaV 1308 2631
iy (hoavy), iy —+ity Tep b Yes 20 |7 . 210640 GeV miT;)=0 GeV 1407.0583
iy (heavy), iy ik 0 2b Yes 201 |7 . 260-640 GeV miE;)=0 GeV 1406.1122
iy, iy 0 monojetictag Yes 203 |7y  90-240GeV miF, J-mii? ) <85 GeV 1407 0608
Tyiy (natural GMss) 2e.pu(2) 1b Yes 203 | - 150-580 GeV m(i’)>150GeV 1403 5222
iy, =iy + Z e.pulZ) 15 Yes 203 |&; ~ 290-600 GeV m(i7)<200 GeV 1403 5222
b, -5} 2ep 0 Yes 203 . 90325GeV (i)~ GeV 14035254
L R ] 2ep 0 Yes 203 1404465 GeV M{T3)e0 GaV, {7, #)w0.5(mif fom(E])) 14035294
iu'i’ x. —P(r¥) 27 . Yes 203 100350 GeV mE5)e0 GeV, m{2, #1=0.5(m(t ] Jemit?)) 14070350
a;-r). Gl tGv) 3ep 0 Yes 203 My Jem(E?), i )0, miZ, #e0.5(meE] Jomit?)) 1402.7029
...u 23ep 0 Yos 203 MU Jem(E2), miT;)=0, sleptons decoupled | 14035204, 1402.7020
xbhib Tep 2b Yes 202 MUE] Jem(E2), mT])e0, sheptons dacoupled | ATLAS-CONF-20130%3
;M ;3’ Lt dep 0 Yes 203 AT )eml ), mUTS) w0, i, 9)o Slen{F3) o)) 14055088
Direct ¥1 1, prod., long-ived {] Disapp. trk 1 jet Yes 203 miE! i) )=160 MeV, rii 02 ns ATLAS-CONF-2013-069
sw..mppodgﬂ-tm 0 1-5)ets  Yes 279 MIT3)=100 GoV. 10 ym<n(@)<1000 8 1310.6584
GMSB, stable #, i} <52, f)erte. ) 120 - - 159 10-<tang<50 ATLAS CONF-2013.058
1 —+yC, long-ived 1| 2y . Yo 47 0.4<r(f )2 na 13046310
34, .-om (RPV) 1 displ vix - . 203 1.5 <cr<156 mm, BRju)e1, mii})=108 GeV | ATLAS-CONF-2013-082
LEV pprsi, 4 X, Pyse 4 2e. - - 4.6 A},,=0.10, 4,):~0.05 12121272
LFV ppst, + X, P, =elp) + 7 lepsr - - 4.6 A51=0.10, 42,+0.05 1212272
Bilinear RPV CMSSM 2e,0(S8) 030 Yes 203 miGl=mig). cresp<! mm 14042500
KEy K] - WE ] veet, b,  dep . Yes 203 ME)>0.25mik ] ), 4,340 1405.5085
ORI -owi* i‘-m,.m, Jepsr : Yos 203 mIE3)>0.2mk T ), Ay #0 14055085
2gqq 0 6-7 jots - 203 BR()=BR(A)«BRIc|w0% ATLAS-CONF-2013091
Beiyr, [y —sbs 2o, (SS) 043s Yes 203 1404.250
Scalar gluon palr, sgluon—gq 0 4 jots . 46 incl. Semit from 11102693 12104826
Scdlr gluon palr, sgluon—sri 2¢, y (SS) 2 b Yes 143 ATLAS CONF-2013.051
WIMP interaction (D5, Dirac x) Yes 105 m(y)<B0 GeV. kmit o <687 GeV for D& ATLAS CONF-2012-147
10!
Mass scale [TeV]
*Only a selection of the available mass limits on new slates or phenomena is shown. All limits quoted are observed minus 1o theorelical signal cross section uncertainty.
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NATURAL SUSY STILL ALIVE?
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NATURAL SUSY STILL ALIVE?
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ALTERNATIVES

NMSSM b-RPV
® 'To insist on a natural spectrum one ® The stops decay to 2 jets and the gluino to 3 jets
needs a new source of quartic to ® Strongest constraint on Naturalness still comes
reproduce the observed Higgs mass from gluino

® This can be achieved in the NMSSM ® No limit on RPV stops yet from LHC

at small tangent beta and moderate A

CMS,L=194fb"at /s = 8 TeV
z‘ LI | ! | s ! ! ! ' N
g —=— Observed limit
. . = 10}
Dirac Gaugino T  Expected limi
g |
. o Expected = 10
® Models with an exact R-symmetry x 1k o eecieges
. . . " xpected = 2 0
forbid a Majorana mass for gauginos o
® Gaugino masses are generated by e 3
L. . -~ ~1311.1799 [hep-ex] .
mixing with extra adjoint superfields Theory, hadronic RPV
.« . 10— A" ork" (§-qqb) -
® More natural splitting between stops 3 i :
d olu; 700400 800 800 1000 1200 1400 1600
an g uimno Triplet invariant mass [GeV]

Still difficult to keep the fine-tuning above 5%

(Arvanitaki, Baryakhtar, Huang, Van Tilburg, Villadoro 1407.0608 [hep-ph])

Most natural corners are the most dithicult to look at and it may take long before they are excluded
It 1s extremely important to be sure to close all the windows before abandoning the “SUSY house”!
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ALTERNATIVES

NMSSM b-RPV
® To insist on a natural spectrum one ® The stops decay to 2 jets and the gluino to 3 jets
needs a new source of quartic to ® Strongest constraint on Naturalness still comes
reproduce the observed Higgs mass from gluino

® This can be achieved in the NMSSM ® No limit on RPV stops yet from LHC

at small tangent beta and moderate A

----- stop to g only

A
VIJ LI

® Models with an exact R-symmetry
forbid a Majorana mass for gauginos

T & PRIt 2.0 1B
) Q

g - -~ 1E ——— Observed Limit (95% CL) =
Dirac Gaugino T 8 - Expected Limi (96% CL)

x | X I 1 +2 i

[ L = coloron to g onl

@ o 107 — - = coloron to qq or S,S,

- X

° o

107 107 &

® Gaugino masses are generated by E 31111

mixing with extra adjoint superfields

. . 107 - r }
® More natural splitting between stops : 109 |- 1302.0551 [hep-cx] \ :
- 300 300 400 500 600 700 800 900 1000 1100 1200
and glulno Resonance Mass (GeV)
m: > 100 GeV
Still difficult to keep the fine-tuning above 5% LEP+Tevatron

(Arvanitaki, Baryakhtar, Huang, Van Tilburg, Villadoro 1407.0608 [hep-ph])

Most natural corners are the most dithicult to look at and it may take long before they are excluded
It 1s extremely important to be sure to close all the windows before abandoning the “SUSY house”!
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STOP SEARCHES: PAIR PRODUCTIONS

Softer decay products

11, production, 1, b, /t»c¥ A WbE, /1%,  Status: ICHEP 2014 . .
;‘ 500 _‘l | B | I | l 11 | | 'l 1[ T 17T T 1 ' LI B e l | B A l 1 l_ Stop Palr PrOduCtlon
3 - ATLAS Preliminary L, -20fb"1s=-8TeV L, =47 " 157 TeV -
450— T —
St - EEtot oL [1406.1122) (1208.1447) _
O I e e E Two body decay
E 400 - oty . 21 [1403,4853 21 [1209.4186] 7 - 0
. =Nt W i‘ L [1407.0583], 2L [1403.4853) —_
E ooy wdorosom - t—1Xx3
350/ Smbiry 0L [1407,0608], 1L [1407,0583) =
- . N
~ = Observed limits =---+ Expected limits - % Three bOdy decay
3001 Al limits at 95% CL - Cﬁ ~ x 0 0
- s N QO t — t Xl — Wle
250/— - = H
s - - < Four body decay
200— : - ~
: - - t— t*x) — W*bx{ — lvby)
150}— \ .
- \‘-, . m Iy x . 0 W*b 0 . b 0
1 , 3 = t—1"x1 — W7 bxy — 77bxa
00 —
: Charmed decay (loop)
3 t— cxgJ
: R R T .
200 300 400 500 600 700
m; [GeV] v MET correlated with v
AM = m; — M0

Difhficulties

® for small AM needs recoil of the stops system against hard QCD radiation which decreases
the rate
® when LSP is light it becomes more ditficult to have large MET

simulation of QCD radiation and higher order corrections require good understanding

® dominant stop decay channels in the very Compressed region are model dependent
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THE LIGHT STOP WINDOW

L1, production, BR(t, » b1 f 1) = 1 1, production, T, = b f 1'%

% 3% - 'A+L'A L] ' L ) ] L] I L] ] Ll I l L] L} ‘ L] l L] L Ll -" ) ;‘ 400 _' I LA ) I LI l LA l LA I L I L l LI I LN B J l LA A l LA l LR l-‘
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THEORY PROPOSALS: RAZOR

® Exploits the S-B kinematic differences in processes O etgado, Gindice, sidors, virin, &
like SUSY pair productions with cascade decays by | Strumia 1212.6847 fhep-ph] -

using the two kinematic variables Mg (dimensiontul) 00|
and R (dimensionless) (Rogan 1006.2727 [hep-ph])
® Using the CMS razor analysis CMS PAS SUS-12-009

(no stop interpretation present) theorists have
extracted a very strong limit on stops

Neutralino mass in GeV

100
. . \\ .
® However new CMS razor analyses have stop o . N
interpretation but do not have the expected N S i
Sensitivity 150 200 250 300 350 400 450 500

Lightest stop mass in GeV
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THEORY PROPOSALS:

RAZOR

® Exploits the S-B kinematic differences in processes 0

like SUSY pair productions with cascade decays by

using the two kinematic variables Mz (dimensionful) 00

and R (dimensionless) (Rogan 1006.2727 [hep-ph])

® Using the CMS razor analysis CMS PAS SUS-12-009
(no stop interpretation present) theorists have

Neutralino mass in GeV

extracted a very strong limit on stops 0
® However new CMS razor analyses have stop

interpretation but do not have the expected

sensitivity

- Delgado, Giudice, Isidori, Pierini,
'~ Strumia 1212.6847 [hep-phl

150 200 250 300 350 400 450 500
Lightest stop mass in GeV

CMS Preliminary, 19.31b", 1s =8 TeV CMS Preliminary, L = 19.3fb™", \s =8 TeV
q, pp — T, T 6 NLO+NLL exclusion = ) pp—ft  95%CL. NLO*NLL:"G'%S&':’
g =Observed = 10, _5 g 400 — 100% T— b M-y
8 400| :::Expected + 10, 10 © = 50% T by, 50% T —= 15
E(S) pect axperiment o g N bx-,n o Observed
. CMS-PAS- @ TTS100% T 1 - - - Expected
SUS-13-004 . \ o oo
300: N 41 ©
3 — -
| | i -
/v .... - ‘ .E 200*
200 / . k(. -T 10" T
100 M 102 1001
P . ‘-2 CMS-PAS-
- 14-
- & SUSs-14-011 ;
0 W A 1000, ol',,. PR o, 1 .
200 300 400 500 600 700 800 200 400 600 800
My, (GeV) m. (GeV)
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THEORY PROPOSALS: RAZOR

® Exploits the S-B kinematic differences in processes [ petgado, Gindice,1idors vy, o ]
like SUSY pair productions with cascade decays by | Strumia 12126847 lhepph]
using the two kinematic variables Mg (dimensiontul) > b qLse
and R (dimensionless) (Rogan 1006.2727 [hep-ph]) g

® Using the CMS razor analysis CMS PAS SUS-12-009 % 200 «
(no stop interpretation present) theorists have ‘g e
extracted a very strong limit on stops “ 0 ,\-".-"3;\ 4

® However new CMS razor analyses have stop

. 7
. s

4

)

. / .‘
s L

Le | |

interpretation but do not have the expected AN , it
sensitivity 150 lK 250 300 350 400 450 500

Lightest stop mass in GeV

CMS Preliminary, 19.3fb”", 1s =8 TeV CMS Prelimihary, L = 19.3 o, /s =8 TeV

~—~ 500 100 = —
~— o~ ‘ D - .
% pp =, 1 fi‘: NLO+NLL exclusion o % pp — tt % C.L. NLO+NLL :xdtgsg:l
g —:—Observedﬂom ' _5 9 400 —-100% T b, MM
& 400| =::Expected £ 10,0y 10 ‘g gx 50% TP, 50% T 13 —
£ . CMS-PAS- @ TTS100% T4 6 ves Ex
SUS-13-004 \ 8 30— f——————— pecied
300' . = - 1
3 c !
3 o
=
E 200}
10" =
b |
102 - 100}~
“2 ! ? CMS-PAS-
& ¢ SUS-14-011
10° % %00 a0 600 800
m; (GeV)
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THEORY PROPOSALS: RAZOR

® Exploits the S-B kinematic differences in processes [ petgado, Gindice,1idors vy, o ]
like SUSY pair productions with cascade decays by | Strumia 12126847 lhepph]
using the two kinematic variables Mg (dimensiontul) > b qLse
and R (dimensionless) (Rogan 1006.2727 [hep-ph]) g

® Using the CMS razor analysis CMS PAS SUS-12-009 % 200 «
(no stop interpretation present) theorists have ‘g e
extracted a very strong limit on stops “ 0 ,\-".-"3;\ 4

® However new CMS razor analyses have stop

. 7
. s

4

)

. / .‘
s L

Le | |

interpretation but do not have the expected AN , it
sensitivity 150 lK 250 300 350 400 450 500

Lightest stop mass in GeV

CMS Preliminary, 19.3fb", 1s =8 TeV CMS Prelimihary, L= 19.3fb", \s =8 TeV

q, pp — T, T 6 NLO+NLL exclusion = ) pp 1t %C.L. NLO*NLL:"G'%S&':’
S |=observed+ 10, - O 400 — 100% T b5 m-m,
& 400| :::Expected + 10, 10 © x 50% Ty, 50% T 15
E(g pect experiment o g i % — Observed
| CMS-PAS- @ TTT100% T 60 - - Expected
SUS-13-004 ! o oop———
300; d - BEL
3  — -
3 o
L
E 2001~
‘0' : [ ] [ ]
5 Ask Maurizio!
- |
102 _i 100"
O 9D CMS-PAS-
2 ¢ SUS-14-011
8 1 1 3 |
3 /A M i 1 L 1 s Y M 2
- 2200 400 600 800
m; (GeV)
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THEORY PROPOSALS: PRECISION

Precise measurement of top-pair production CS

Czaron, Mitov, Papucci, Ruderman, Weiler 1407.1043 [hep-ph]

vary neutralino mass vary top mass

100, 195 : :
| CMS7TeV,23" ‘ ] | CMS7TeV,23 "
’ 190} |
so: .
: 185/ \
> 60 — .
8 | CMS it % ALEP '
o | S L T |
a— ALEPH ;
] - m; = m, !
£ 40} S !
175 -\\\ Ty+m |
. el e 1
20} PN :
170} 1
CMS tt A j
B .. Y » mg =0 GeV : |
% 100 150 200 250 163, 100 150 200 250 300
m; [GeV] m; [GeV]

N

® NNLO+NNLL tt inclusive CS uncertainty comparable to the experimental one

® In this case one exploit similarities with tops instead of differences

® Comparing theoretical prediction and experimental measurement gives stronger
bounds than stop searches in the stealth region

Riccardo Torre Large MET without AM: closing the light stop window



2—>2VS 2—~3

2 — 2 Stop Pair Production

Two body decay
t— tx(l)
Three body decay

t— t*x(l) — be(f

Four body decay
t— t*x) — W*bx) — lwby]
t—t*x) = W*bx) — jibx
Charmed decay (loop)
t— ey

MET related with AM = m; — M0

for small AM needs to boost the stops system

2 — 3 Stop Pair Production +

one additional hard-jet boosts the stop system
QCD process so the rate does not decrease too much

analysis based on a single hard jet and MET
2 — 3 Stop Pair Production + LSP

the LSP is produced 1n association with top and stop
EW process so the rate decreases more
analysis based on a single reconstructed top and MET
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2—>2VS 2—~3

2 — 2 Stop Pair Production

104;' ' 3
| FCC@100TeV |
1000} —
No) I 1
=
w100} |
0 f ;
Q i
Q
S 10} |
| LHC@8TeV
1| :
160 180 200 220 240
m- [GeV]

® Simplified model with only RH stop and
bino-like LSP

® All other sparticles are integrated out

® A gluino in the TeV region can strongly
boost the efhiciencies for our signal

® Opur analysis 1s therefore very conservative

® Rates are much smaller but ethiciencies are
expected to be much higher

~ o~

a(pp - ttj) [pb]

a(pp - tTx7) [pb]

1000

10}

10

100

2 — 3 Stop Pair Production +

0.1

—

2 —+ 3 Stop Pair Production + LLSP

- —— p}>100 GeV ;
..... p- > 300 GeV
_______________________________ LHC@8TeV |
160 180 200 220 240
m- [GeV]

T FCC@100TeV

— Am = M;—M,o = 80 GeV

X

Am = m--m_o = 55 GeV
t X1
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2 — 3 Stop Pair Production + LSP
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UNDERSTAND FULLY HADRONIC FINAL STATES

® We tested our signal against the ATLAS tull hadronic monojet analysis
® Fully hadronic final state requires to go beyond parton level
® To understand Showering+Detector effects we used MG5+Pythia6.4+Delphes3

?;f, production, BR(‘tv1 —-bff i?) =1

s 07T 1 T T T T T T T T T T T T3 Preselections
S - ATLAS ILdt=2o.3fb“. 15=8TeV .- 3 B > 150 GeV
E%J 300 [— monojet-like selection: M1 Axe [%)] Py ",,—1.’55;!9 T At least 15 with
- L0 LetT 1,399 . ) wit
250 [ N i 0.666 .- pr > 150 GeV, |n| < 2.8
. 7 0.982 0355~ N Monoiet
200 £ ol limits at 95% CL 01843 0452 . = At A
- 0.554 0208 - most 3) with
150 [~ 0512 0240 o™ - pr > 150 GeV
-7 o028 oteg” . | < 2.8
100 f=0-213 0.088 .- — NG (. o) > 0.4
- 0.073 apse” - 7, Fr) > 0.
50 |- 0022 E M1
5_,@.010 1407.0608 [hep-ex] E pr > 280 GeV
oo T oo mo o aso Fr > 220 GeV
m; [GeV]

® After all cuts we have 20% agreement with ATLLAS on acceptance times ethiciency
® However we get higher efficiencies in this case by doing the c-tagged like analysis which

allows one or more additional jets

Riccardo Torre Large MET without AM: closing the light stop window



UNDERSTAND FULLY HADRONIC FINAL STATES

® We tested our signal against the ATLAS tull hadronic monojet analysis

® Fully hadronic final state requires to go beyond parton level

® To understand Showering+Detector effects we used MG5+Pythia6.4+Delphes3
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F > 150 GeV
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pr > 150 GeV, |n| < 2.8
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At least 4 with

pr > 150 GeV
n| < 2.5
A (. By) = 0.4
Cl
pr > 290 GeV
B > 250 GeV

® After all cuts we have 20% agreement with ATLLAS on acceptance times ethiciency

® Analysis not optimal, however we get higher ethiciencies than the ATLLAS mono jet for

the 4-body decay (we cannot compare because they do not do the C for the 4-body)
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OUR GOAL

® To optimize the sensitivity one needs to design an ad-hoc analysis for monotop plus MET

We are performing a careful study of signal and background at detector level
(Pythia6.4+Delphes3) both in the fully hadronic and 1 lepton final states

Low rate (2->3 p.s. suppressed) implies that no sensitivity 1s expected at LHCS
Sensitivity 1s expected at LHC13 with a few hundreds inverse tb

A comparison between this method and others at LHCI13 and beyond is needed

This method is interesting since it provides a complete independent probe of the natural
Compressed spectrum independent of the stop decay mode
® Similar approach employed (Fuks, Richardson, Wilcock 1408.3634 [hep-phl) where however a too

light gluino (already excluded) 1s assumed
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GLUINO AROUND THE CORNER?

® All our study 1s done in a RH stop + bino-like LSP Simplified Model
® A gluino in the TeV region would introduce an additional contribution to the top-stop-chi

final state through gluino-chi associated production

® Due to the heavy gluino mass it gives rise to highly boosted tops and stops in the

compressed region

® The decay products of the top and the stop are harder and the efficiencies for the single
top plus MET analysis further increase 1n this case

® Efficiencies to the ATLAS mono-jet + MET search increase by almost one order of

magnitude for a gluino of 1 TeV
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CONCLUSIONS

* We propose a novel strategy to probe stops in the compressed region
with non-massless LSP

* The relevant final state 1s top-stop-LLSP (bino)

* We considered a simplified model RH stop + bino-like LLSP

* We are studying a possible strategy to design a dedicated analysis in
the mono-top+MET final state both in the tully hadronic and 1 lepton

final states

* No sensitivity 1s expected with the 8 TeV dataset but limits
independent of stop decay and of mass splittings should be possible
with the 13 TeV run with a few hundreds of inverse fb

* We are extending our study in the context of the FCC-hh program
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