SUSY or not, what iIs the evidence ?

Status and perspectives of collider
searches — Part IIB
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'-\='-'-'= Lectures at Niels Bohr Institute

Part 1l (3 lectures + 2 exercises)
Direct SUSY searches at LHC

W 30-Oct Th 31-Oct Fr 01-Nov

Lecture IIA Lecture IIC
Exercise 1 Exercise 2

Lecture IA  Exercise 1 Exercise 2
Lecture IB Lecture |IB Lecture Il

“This could be 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
&\\\\\ by DERBhd Teve ““" Multileptons, No Z, jet resonances, LFV

«— Closeness to Higgs 3. MSSM Extensions?

Scalar Gluon
. Un-natural SUSY ?
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Lecture Part |IB

Part IlIb : RPC Strong Production SUSY

Theory Unknowns:

>
1- SUSY Breaking (SUGRA, GMSB, AMSB) \\fﬁ Q{‘%
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra @
M Q’Qe»‘\
“Distant
I TeV . Cousins”
The “Nuclear Family”
of the Higgs
L A- 3'd generation searches
I ,';‘L-i- —

«— Closeness to Higgs
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3" generation squark searches

Theory Unknowns:
1- SUSY Breaking (SUGRA, GMSB, AMSB)
To cancel top
2- RPC (here) vs RPV (Lecture lic) loop + b mixes  _gGRA
3- Open or compressed spectra Wit t, and & g5 Wino case
500 GeV_| 2 Open Spectra

mu

| TeV

N3, €2

M2

mna

M1 1

SUGRA

SUGRA, GMSB
b, - t t
BB, > bbNINL > 2b+MET t,t, > 2t+MET, 2W+2b+MET, 2c+MET | | T,5,->272t,> 2Z2t+MET
B,b, > ttC1C1 > 2b+AW+MET Mo 7 T =M F T T =0 T
b, b, > bbN2N2 > 2b+2H(bb)+MET t,4,>bbC1C1>2b+2W+MET

Look at each case individually. Mixed case discussed in lecture Il (pMSSM)
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Sbottom (1)

1 Design an exclusive 2b-jet + MET analysis

1308.2631

b, b, > bbX,%,°> > 2b+MET

Requirements SRA 120

> ETFT T T T T i e Ty T
- [ - ATLAS ®  Dalavs=8TeV,20.1 fb" ]
Etmiss [GeV] > 150 . . e _ SRA Y44 Mot -
Trigger -driven § 100 opomkandier ]
Pt (Jl) [GEV] > 130 E : B W production :
- . . g 80— I 7 production —
Pt (j2) [GeV] > 50 Pile-up -driven & F overs 0 .
Lepton and 3' jet veto “F S g e
MET/Meff > 0.25 QCD-killer 40 SRAMerzs0 eV -
N Signal 7
A@ (jet-MET) > 0.4 20— endpoint —
N(bjets)= 2 Tight (€=0.6) o R i, .
Mcr [GeV] > 150,200,250,300,350 | Discriminating var. % & ?) . +l B S . 99 _
N T -
m,,[GeV] > 200 [mc(ttbar)<135 GeV] & //”"'Y a7 &

O 1

0 50 1(I)0 150 260 25IO 3(110 35IO 4('JO 4%% 3;130
. . m e
Background determination T

= Z(vv)bb : Control Region with Z-> 1l mass constraint + 2 b-jets

= top, Wb: Control Region with =1 lep + 2 bjets + MET> 100 GeV
_ _ J P : =>Error dominated by stat in Control Regions

» QCD: jet smearing method (cf. Olepton)

N [Mr>250 GeV] = 15.8 * 2.8 (14 obs)

Another signal region (SRB) exists for compressed spectrum:
» Remove mqr and my,, cuts which kills the signal, ask a 3" jet (ISR) and H.(wo 3 leading jets)<50 GeV
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Sbottom (2)

1308.2631

- . . . . . -~ 5 00
O Gradually improve mass limits with luminosity b b, = bbX,"X;” > 2b+MET

= Reoptimise the signal regions for each luminosity

\/5;7 TeV, L=2fb 1

N S R AU R DRARY NP SA RS SR "

1] " v Qe CL, Expected Limit (85% C.L.) J

et L, E d Limit = H . — — -
FHOE e Foiretpic il Final LHC Run I: Vs=8 TeV, L=20fb -

Sbottom pair production, BT - b f:

SR RER gﬁ__,,,--""""ATLAs 3 7 L (fb_l)

Ldi=205M"\s=7ToV

200 600 T T 171 T T 11 T T 71 1 T T 1
= I I I REN . susy
- s00Gev | LHC ) r ——— Observed limit (+1c, ~ )
'ii ]‘ 8§ [ ATLAS o
100 t -~
2 e r Y N Expected limit (+10,,,)
= <

E <—Tevatron £7500 —I Ldt=20.11fb", \s=8 TeV -
a 0 +—— Closeness to Higgs B - CDF 2.65fb™ T
(il) 400 [ Alllimits at 95% CL l:l DO 5.2 fb” i
£ L —— ATLAS 2.05 fb”, \s=7 TeV
S Vs=7 TeV, L=5fb - 1

b,-b, production, b,~+ by,
6 Esco A.;_LAé T ——— Observed limit (+10245Y) B ]
Qo S.us0 |- Preliminary | hmwm'“’;’" _ _ 1 o /’__.-..._\ =
Z Sl LA T | eineie” Vs=8 TeV, L=12fb 300 - e L =
% b Al limits at 95% CL, Bl corzssm’ 3 < 70 b5, production, b, » b7 ST o — .
E o~ Iposzm’ E 3 susY.
3 st é_:f — amaszosm’ ] 8 ATLAS Prefimina i N i i
% 2s0 p- = £ Jro=izam e orie 200 — ]
o = A 1 0o ) - - i
2 5 s T == ATAS a7 1 iar e ] - ] 7
o - RA
>\ . —
E- | 100 i
o %50 200 250 500" 350 00 s g
L E 0 o b My by I .
Y. 100 200 300 400 500 6087700 800

m [GeV]

Reaching upper mass limits of the natural SUSY spectrum for m(N1)<250 GeV
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Sbottom (3)

CMS-PAS-SUS-13-013, ATLAS-CONF-2013-007

b b, > tt X;"Xy” > 2b+4W+MET

1 Design a 2 lepton same sign analysis
= Assume at least 2 leptonic W gives a high probability to have 2 lepton same sign
v Multipurpose final state for RPC Strong SUSY (see later)
= Remove SM background which compensate for low leptonic branching ratio

. After all cuts
Remaining background

— T
ATLAS Preliminary SR1b Signal Region

>

= B
. . ‘s . g 12 ® Data ]
[ ]Charge mis-identification Signal Regions g [hssrmmny S :
CMS VE=7TeV.L=498 1" ‘(;l 10 Eg;ﬁsg;tons ]
> T T Y e e 2 2 harge fi -
Z-- pt % : j ?')Am “ Signal region Nj_js  Signal cuts (discovery case) E 5 1'8MSUSY| [:nga_) tfi‘_";; {%é%%gggg mm@‘)::;g:g:\x)__]
§ [0 @K ") +det é SROb 0 Njets >3, E_ilz_:.iss> 150 GeV snaVansrnnan .............: :
w 30+ - AN : -l
g mrt> 100 GeV, me>400 GeV 6 &R ]
SR1b >1 Niets 23, E2555 150 GeV .
1 b R ey m1>100 GeV, meg>700 GeV 3 ]
SR3b >3 Niets = 4 25
[ ttbar + W or Z : 6~0.1 pb = ==
. ~ N N
I 1 Real +1 Fake lepton (jets) E 1WW\\\\\\\\\\\\\\\\\\\\\\‘ T
O C 1 1 1 1 s 1 s 1 7

0 400 600 800 1000 1200 1400
m.; [GeV]

Ng [SR1b] = 3.7 * 1.6 (8 obs)
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Sbottom (4)

CMS-PAS-SUS-13-013, ATLAS-CONF-2013-007

O Results depends on  x,° and X, masses bby > tt Xy"Xy > 2b+4AW+MET
= Several assumptions are chosen
= Limits quite robust at m(b)<500 GeV

Fixed N1 mass C1-N1 close-by C1-N1 far

CMS Preliminary, 19.5 fb™, (s =8 TeV CMS Preliminary, 19.5 fo, s = 8 TeV byb, preduction, b M

< 600 9120 5 o 400 10’ —~ 3 - 1-
> pp—bp;.b,—~ tWi? NLO+NLL exclusion = % pp—bb;.b,~ tW;'Z': NLO+NLL exclusion ] € G 00| ATLAS Preliminary —£
O 550 =0opserved = 1 Oiheory - s O 350| =O0bserved + 1 . ] _5 el C I Ldt=2071b", ys=8 TeV ] 75,
e -sc +10 . ° a s=:Expected+ 10 m./m_. =0.8 ’ E ° [ 2same-charge leptons + jets 1
£ 50 ] 22z EXp 98 BponS + J
HCET> 5 g a0 e 8 so0| = Oosenedimiter o) 1
5 450 pi . a @ [ -=-- Expected limit (+13,,) =
£ . o 250 il o —— 3-leplons, > 4 jets, 13.0fb”, 1s=8TeV ] é
400 | g 5 — ‘ o 400 [ Alllimits at 95% CL ] 3
L c = .
- S o 5] - - 2k
—60 = | B I I [ 18
o _ = 200 = $
350 I ' E — | | = i - é
i ) e Fee \ . 300 |~ 12
300 ! : 4 10 150[ ) - g ~ 5
- ! ' 9 =X L ; o L 12
2501 ? : 5 i Bk 5 i H
i : ; . =4 100~ ! ' il - 200 [~ 7] .§
I ! | | = (&] 7 i : al (@] L €
200 ‘ ! ; : by » ' ; 1= e ~ ) 3
- A ! : i e 50 : ! ! o~ C I ]
150 B ; | i | 3 | \ : I i | .,_‘ 0 m - g - I L1 1 1 i 1 11 ‘ \ ml [ {4l D) L I 11 11

| . . IO W <0 TN 100 =
350 400 450 58Q_550 400 650 350 400 450\500 580 600 650 00 350 400 450 (500 o eV

msbottom (GeV) msbot[om (GSV)

Reaching upper masses of the natural SUSY spectrum
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Sbottom (5)

ATLAS-CONF-2013-061

0 Design a 23 b + jets + MET analysis

= Since H->hb is ~60%.

b, b, > bb %,%%,° > 2b+2H(bb,WW)+MET

v Multipurpose final state for RPC Strong SUSY (See later)
= Remove most of SM background especially ttbar

Remaining background

I [rreducible :

e ttbar+H/Z(bb) : 0~0.1 pb

* ttbar+b/bb : 0~0.1 pb

=>» Estimated w Monte Carlo

| Reducible :

* ttbar with t-jet, c-jet mistagged

as a b-jet
=» Estimated w matrix method

u r > o I I B NN S N T B | =
Signal Regions (0-11) § [ a7LAS Preiminary ¢ G
8 10 det=2o.1fb‘.\s:sTev %% sMotal =
i : E 0-lepton baseline selection - Rcuelcla bha (M) E
0-¢ region | Niets | priets [GeV] | £ [Gev] | mex[GeV] g [ ey ooy

T > 2 -] b

SR-01-4j-A | >4 > 30 > 200 mil. > 1000 g g Tee> 0 GeNzabiels>I0Ge -
SR-01-4]'-B >4 > 50 ~ 350 ,"41& ~ 1100 L § 1 8M Gt (g,) (1300, 100) GeV x 10 3

i i C -OVsysy M(b,N1)=700,60 GeV
SROI4C | >4 > 50 > 250 i, > 1300 el i
[ SR-0174A [ >7 >30 > 200 w1000 [—> F B 000 T Re% 0 E
SR-01-7j-B =7 > 30 > 350 mi‘}gl > 1000 C ]
SR-01-7-C | >7 > 30 > 250 mg' > 1500 15 =
1-€ region ‘ Niets | ERss [Gev] | i [GeV] | m [Gev] ] £ JH [Gevt] - S ' -
SR-11-6-A | >6 > 175 > 140 > 700 >5 & 15 jl/f y’—
SR-11-6-B | =6 > 225 > 140 > 800 >5 o - 77 E
SR-11-6-C | >6 >275 > 160 > 900 >5 ks I 7 # ___ 7 / /57 7 =
e ) —— E

400 7600 1800 2000

After all cuts

800

1000 1200 1400

mi! [GeV]

N [SR-0I-7j-A] =22.5 # 6.9 (22 obs)
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Sbottom (6)

ATLAS-CONF-2013-061

O Results depends on ¥, ,° masses b b, > bb X;°X,° > 2b+2H(bb, WW)+MET
= Chose to fix LSP to a low mass (60 GeV)
= This results is also applicable to Z->bb (BR=15% instead of 57%)

51—51 production, 51—> b+iz L™ = 20.1 fb, \s=8 TeV

AM ; 1100 _I LI L I T 1T T 7T I T 1T 1T 7T | T T T 7T I LI [ T 1T 1T 7T I T 1 T 71 I L G ] |_

(0] C . . F— .

- ---- Expected limit 1 o, -

X,2X.0) 905000 = ATLAS Preliminary P o 3

= E Oand 1 lepton + 3 b-jets channels ~ === Observed limit + 1 G%?i:y 7

900 — —

- All limits at 95% CL ]

800 & % — : —

X - h+ L . -

700 - '“*.1 —

- } -

600 — 6e_(\ i =

= ‘0‘\6 I 7 -

500 - 2 ! =

E ~ /'T\o;‘:‘?:"" / E

340 400 - o L e

240 300 =
E .- bjets from Higgs too soft

140 200 e nif B AR SR A B S IR B A AR T B e G H T BB

200 300 400 500 600 700 800 900 1000

mt;' [GeV]

Again quite strong limit !
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O One of the most motivated searches
= Most pressing contribution to my, divergence
= Tension btw naturalness and m, ~126 GeV
=>» Results on stop put huge constraints on theory!
= Experimental challenge: remove ttbar c~240pb

Classical
1 I
I 1
[} ]
® = x
1 I
| 1
1 I
m% = (mﬁ)o

Quantum

}"f f/
+ (¢t ¢ + f 12!
\

Ay
]
3G,

wam?

(4m@)Aye? + 43\,—(2;”':2(4mf2)!\~p2

+ 3CeGne- miin(Aye/m)

0.008+0.002

160

"""""""I """""""""""""""""""""""""""""""""""""""""""""" l'">'

ot [pb] 800£100 4018
L N[20fb-1] 16.000.000 800.000
ttbar topology + Very similar to
_ | soft objects/MET ttbar topology
S ! '
o
© |
z | A
g | )
@
T
S5
o
x
L

ttbar topology + .

High MET

Not enough stat at 8 TeV,

~100 175

Before LHC start no constraints on stop !

00 " M(t) [GeV]
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 Take most powerful analysis 11 + 4 +

21b-jet

ATLAS-CONF-2013-037, 1308.1586

" Design very carefully SR (discriminant var.+ phase space regions)

ATLAS

ty, X1°

o

p

CMS M
e
— t— tx]
equirement SRtN1_shape SRN2 SRIN3
Ag(ety, g ) > 0.8 0.8 ) Cut-basecll
Aoty FE ) > o8 i o Selection BDT Low AM High AM
Emés [GeV] > 10009 200 275 Emiss (GeV) yes = 150,200, > 150, 200,
B/ VHr [Gev! ] > s 13 1 T (Ge 250, 300 250, 300
mr [GeV] > 6004 140 200 JVI-‘PQ (GeV) yes =200
e [OV] = ) ) ) min A¢g yes >0.8 >0.8
amp [GeV] > - 170 175 ratio ’
m%, [GeV] > - - 80 HY . yes
gy Yes Yai Yes Hadronic top x° (on-shell top) <5 <5
Niso—tk — o - Leading b-tagged jet pt (GeV) | (off-shell top)
Ruymberof bjete 2 : 1 ! AR(£,leading b-tagged jet)
pr (leading b-jet) [GeV] > 25 25 25 Lepton (GEV)
p1 (second b-jet) [GeV] > - - - P on pr
r— 600:‘ FEEREE R AR R T L 'g‘ 3 soof -~ -0
> L ATLAS Preliminary . = 3 s | t7U
Q@ 500F o 2 500
91 a00- H : -2- :. E %_
~~ E ® 2 2 = = ; é 400
D— 300} w2 m om om {
U) = : 1 2 2 L 7 300
\__L 200} o ow m m om om m { 200
2 100:, 1 ' 2 ; 2 2 @ s o j
: : ! 1 1 2 T 2 2 L] L] L] £ E 100
Ofrr == = P2 P = T =%
200 300 400 500 600 700 800 >
M(t;) [GeV]
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ATLAS-CONF-2013-037, 1308.1586

O Look at the results in Signal Regions
" Dominated by tt>WWbb->Ivivbb events

v’ where one lepton is 1,4 Or is not rec./identified

CMS Vs=8TeV, [Ldt=19.5fb" = g ‘ , , , : : : : s 10% T T T e

> FT T T T | T T T T | L I T T 1T | T T T T l LI L= [<4) ATLAS P I' H Q ATLAS P I H
(% 1 05 = Background, evts(M,>120 GeV) = 251+ 50 E g’ oob s Tev)re :_:Tj:;,"/ . _.:- Data 2012 g I el TeV're :-rr;ltnjrzyoj e _.-; Data 2012
=t E T—) 120 (250',50)‘ evts(MT>120 GeV) — 124 E :’_’ SRtN2 % Standard Model (SM) ; SRIN3 § Standard Model (SM)
(27] r - 11— 1%° (250/75), ev‘!s(MT>12O GeV)=39 ‘g 108 - m; = 500, m = 200 [GeV] & ’g 103 k- reeeees m; =500, m , = 200 [GeV] I:I i
‘(‘n‘ 10 E_ i— (io (250/100), evts(MT>120 GeV) = 1UG_§ i e =800, My = a0 jEev] - Videts, VV @ prmareet IOE= B30, M = 30 [GeV] - Vdets, VV

r H ] " 5
-_g L ~ 0 ] e 2(med) [ -v. single top. muttijets 10 - - i+, single top, multijets
u:J 1 03 L t— ity Cut-_based | - e+ channel 10 e+t channel

E Low AM ET*°>150 GeV 7 : S

107 — . 1(low) - )
s ] 10 10°
C : ]
10¢ s _I_I—._l_ - =
£ = 8 2f g 2
i : | a a
[T OIS s RO Devegus sempey [N [ 1 S _ S -
- 50 100 150 200 I\%lf([)Gee/?o %00 250 300 350 400 450 500 552,";20% \6/50 00750 100 150 200 250 300 350 400 450 500
T [GeV] ME, [GeV]
ATLAS 262+/-34 (235)*  13+/-3 (14) 5+/-2 (7)
CMS (Cut-based, Higher MET) 11.5+/-3.6 (9) 4.7+/-1.4 (2)

*mT>140 GeV, MET>150 GeV
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ATLAS-CONF-2013-037, 1308.1586

O Set limitsonthet ;> t X,° scenario
= Cover nicely the allowed phase space
= ATLAS and CMS obtain very similar limits

Impact of BR(t =>tN1)

hypothesis (assume the other
decay mode is invisible)

CMs Vs =8TeV, [Ldt = 19.5 fb™ i & -
i, production, T 1%, ’I CMs \'s=8TeV, ILdl 19.5 fb
S_ 400 T 7 T + T - T 'L - ; T | LA LA N N B [r-rvln:.‘vw;v 102; _|||||||||||||||||v||| |||||||||||| |
= | s Observed imit(=1E) i 400 T 715 === Observed (+1o 2 Observed limits
g ATLAS Preliminary —— — Expected limit (+10,,,) o PPt 1 5 b, ( ) © 400 pp Tty
. 350 ' exp - O BDT analysis —— Expected (+1c) 0] C BDT analysis — BRi- ) =10
é i 1-lepton + jets + E™'** Expected limit (HCP12) i — a5 uneslansedto 10 = 350 ) —— BR(i-t)=09
a0l L All limits at 95% CL N N3 po P - ~77F unpolarized top BF(i > 17,) = 08
Ldt=20.7 15" ys=8 TeV ch 200 = F J —— BRi-t1)=07
L . E soof- 2 F i i
250— ] 1 250 o ef?\_-:." é.?\_-. = BF(':'_»ti‘:)ws
200}— _ C ; ;
[ | — 10"
150}— T Y
100}— —
- 1 102
50— —
o] 10-3

0 W S8 S1EEn =
100 200 300 400 500 600 700 800

m- [GeV]

- P . i .
200 300 400 500 \ 600 TW 800
m. [GeV]

Cover a wide range of the region allowed by naturalness (SUGRA-like)
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A General limit on t ~1 - t/Wb/c + X,°

Tt

t

Status: SUSY 2013

1

T T I T T T T | T T

ATLAS Preliminary

B oL It Y,

)
EliLt>tY

350 Loty
B 2Lt > Wb7,
== OL mono-jetc-tag,t,— ¢ 5(’?
300 CDF 2.6 fb' [1203.4171]
— Observed limits ===~
- o
250 All limits at 95% CL

200

I|IIII|IIT[|IITT|IIIIIllll[ll

5 production,?1—> t 2? /'t“1—> Wb 7,? /'t"1—> c 7,(1)
T

T T | T T T T I T
Ly = 20 - 21 fbo ' 15=8 TeV

OL CONF-2013-024
1L CONF-2013-037
2L CONF-2013-065
2L CONF-2013-048
OL mono-jet/c-tag CONF-2013-068

Expected limits

T T I T T T T I —
Ly = 4.7 fo ' \s=7 TeV
OL [1208.1447]

1L [1208.2590]
2L [1209.4186]

150
100
4 01+ 6 jets +MET helps
50 — to increase the limit at
high stop masses
A
0 200 300 400 500 600 700
m; [GeV]
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1308.1586, ATLAS-CONF-2013-037

0 Can reuse the analysis 11 + 4+ 21b-jet ty X% X
= Similar signal regions but with lower cuts and wo mijjj requirement g‘- we)

= Results interpretation depends on (ﬂ), m(C1) and m(N1)
v"Need an hypothesis on m(N1) or m(C1).

m(C1) fixed m(C1) half way from m(t ;) and m(N1)
= _ -1
T, production, T, = b+, 5, w"’p*/f, m_, =150 GeV cms ¥s=8TeV, j"d‘ =19.5fb
S /0T T T T T L T T T T Lo o L L L L L T 102-31
@ ——— Observed limit (+1a},.5") % 400~ pp — T¥, T b7* ==== Observed (+15""""") ol
© L ATLAS Preliminary . Expected limit (1) : ' 1 —
%3 o . O] - cut-based analysis Expected (+1c) -
£ so0l_Hepton + ets + EZ* Expected limit (HCP12) | = asof- 10 E
T All limits at 95% CL EC;H— - i
L f Ldt=20.7 1", \s=8 TeV J 300 2 o
= S 8_
1501— m \\\u..‘:Tf\'_lﬂ__nh:-\J\ ] zw:_' "..‘ 1 g-
I+ . 200 °
e 10
oo - 150 5
i 100
-2
40 | 10
50
] o o 102
L. . 300 600 700 800

0 1 1 1 1 1 O | al Ll
200 250 300 350 400 450 500 550 600 m.=05 m_t_ +0.5 mo m- [G eV]
m. [GeV] % 4 t
1

Access the models with enough energy for lepton, DM(C1-N1)>50 GeV
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Q Limitont ;b ¥,*>WO X0

= Compressed C1-N1 case covered by Ol + 2b-jets + MET [Direct shottom analysis]

= Compressed fl-Cl case covered by a 2| (+jets) + MET analysis

M.o [GeV]

500

400

300

200

100

T;ﬂ produc’(ion,:f1 —b¥X %, — w X

Status: SUSY 2013

|I|IIIl|l]|I|II||

| _ATLAS Preliminary L, = 20-21 fo' 1s=8 TeV

—— 0L, m,.=m_+5GeV oL 1308.2631

B 1-2L. m, = 106 GeV

=== 1L, m, = 150 GeV 1L CONF-2013-037, OL 1308.2631
2L, m,. =m; - 10 GeV 2L ATLAS-CONF-2013-048
RS rhly =2xm,

—— Observed limits ==--- Expected limits
All limits at 95% CL

1L CONF-2013-037, 2L CONF-2013-048 1-2L [1209.2102]

Liyy = 4.7 fo'vs=7 TeV _|

2L [1208.4305], 1-2L [1209.2102]

mi.<m

o
X

(= 15(¢ Ge‘;/)
g

'
]
v

(
i~_<"103_.5'C-TeV

IIII‘IIIJIIIIII[IIIlI

my [GeV]

P. Pralavorio
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m, GeV]

Stop (8)

O Lot of progress in one year

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

m. [GeV]

A

7

4~ Wei (BRe1, m <200 Gav), T, — o (BRR1, m, = 200 GaV)

f"

50 200 250 300 350 400 X

50
[GeV]
s \s=7/8 TeV, L=5/12fb 1,
ssof A’TLAs‘Frewlwmma‘ry T alﬁ"‘./vb'gufnv‘ rluvu'l\ru‘v !

—— Opaervea s
E Observed e (41,
00 Expociod bmits

250 [~

200

180 5=

100

1 i /
150 200 250 300 350 400 450 _ZDD 250 300 350 400 450 S50

550 600 §

M(LSP)=200 GeV

Final LHC Run |: Vs=8 TeV, L=20fb -1

1, production Status: SUSY 2013
I L

> -I L | LI I- T ] LELEL I LI i LI I Tirrruri | LI I 7T l1 | TTTT | LI |1 LI | i
@© 600 — ATLAS Preliminary Ly=20-21fb"1s=8TeV L, =4.7 " 1s=7 TeV -
9 B . oL, ?,Ali; OLATLAS-CONF-2013-024 0L 1208.1447) T
s — i = LTty 1L ATLAS-CONF-2013-037 1L (1208.2590] 7
Tod B Ohserved limits . 2L ani‘: 2L ATLAS-CONF-2013-065 2L (1209.4186] ]
S 500 |- === Expected limits B oL o WbE 2L ATLAS-CONF-2013-048 - ]
L E=== 0L, mono-jetic-tag,i,— c 7 0L monojetic-lag, CONF-2013-068 ]
L Alllimits at 95% CL — O, M =M. +5 GeV 0L 1308.2631 . i
- [ RIS bi, m,, =106 GeV - 20 [1208.4305], 1-2L[1209.2102]
B CDF 2.6 fb'[1203.4171] R by, m =150 GeV 1L CONF-2013-037, 0L 1308.2631 J
400 = 2L, T,~ b%, m_ =m; - 10 GeV 2L ATLAS-CONF-2013-048 = -
- = 1oL -b Iy rﬁ‘ =2xm, 1L CONF-2013-037, 2L CONF-2013-048  1-2L [1209.2102] L
B ' ! ~ 0 ~0 -~ ~o T
L t,acx1/t1Abe1/t,»tx1 1
300 —

200 —
- ) -‘—‘_'-‘_'\ : N i
:/ \\\“ i _
100 F A

T M ARy «11l
= - -1 0
=8 TeV, L=20fb 200 300 400 500 600\@)
St Hoson 0G0 2013

L, production
< 600 T T T
> ATLAS Preliminary
e — Chsorved s
27 S0 F . conesin k)
- - Expecioa bits

b

e m; [GeV]

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

P. Pralavorio
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ATLAS-CONF-2013-025, CMS-PAS-SUS-13-002

d Aword on GMSB //_
= If N1 is NLSP and Higgsino-like it will decay via Z, H S
= Final state: ttZZ/HH or bWzZZ/bWHH

i, production, Natural GMSB model CMS Preliminary \s =8 TeV, IL dt =19.51b™

%‘ :I TT | T TT | T 'I T ll T T TT Observed Iimit (t1 Gﬁ%gr\;) S‘\ [T I T T T T l T T T T I T T T T I T T T T | T T T T | | | U I I J)
® B0O-ATLAS Preliminary N D " Natural Higgsino NLSP (GMSB) J
E‘is’ E """" Expected limit (£1) Q)] 700~ Br()‘(? - hG) = Br()‘(? — ZG) = 0.5, Strong and Weak Prod. !
700 _—J. Ldt=20.7 fo", \5=8 TeV ATLAS 2.0 fb™" \&=7 TeV = _ [ observed 95% CLs Limits 0

C All limits at 95% CL é"* 600 — Theory uncertainty (NLO+NLL) =

6001 ] [~ eeeees expected 95% CLs Limits &

- ] 500: B expected £16,, 4 imoma u

5001 - - :

- i 400 =

400— —] L ]
a00F- 3 300F E
200~ ; ] 200 =

E ft: & ] il [ W YT TN [ WY VT YT T NN WY WY N T (T SO WY W T [N W SN WY TN [N VN WY S W M

) e ] ) o~ AT IR A TR A AT
D e e e o0r 700300 200 300 400 500 600 700 800
m. [GeV] Mo = My 5 GeV, m;(‘J =M + 5 GeV m- (GeV)
1

2

TtN1 and bC1 rates fixed by the model

Limit a bit weaker: m(stop)> 500 GeV
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Summary on 3 " generation squark

1 Change paradigm with LHC results
= Plan vanilla scenarios for ‘natural’ stop and sbottom almost all excluded

v Open a second SUSY crisis after no Higgs found at LEP2

v Generate lots of new ideas to evade these constraints

= Clearly the situation can be more complex and signal may still hide (See Lecture lic, III)

t, (318 Light Stop Decays
\.\
x2" (258)
%\( Z' W
12° (142) h
t 9, ad
25 i z
x4t (114) »
37.4
.ot
x1° (108) -

Is the naturalness guide not applicable to Higgs ? Slightly fine-tuned SUSY at the corner ?

P. Pralavorio SUSY at Colliders (IIB) Copenhagen, 31-Oct 2013 20



Gluino , 1/2" generation squarks

Theory Unknowns:

1- SUSY Breaking (SUGRA, GMSB, AMSB)
2- RPC (here) vs RPV (Lecture lic)
3- Open or compressed spectra

0O(10)TeV without problem for naturalness, yielding a
decoupling solution to the SUSY flavor and CP problem.

Slepton discussed in EWK SUSY (Lecture lla)

A}

i "";"/61.2 by 1 !
| ! ! “Distant
ITeV — '\\Cousinsi’
The “Nuclear Family”
of the Higgs
500 GeV ta Enters at two loop-level to protect the stop mass. If
b by \ heavy stop = heavy gluino (and vice verse).
B g ()0
e ()
o )5
«— Closeness to Higgs
21

SUSY at Colliders (11B)
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Gluino , 1/2"9 generation squarks (1)

N (Signal Regions)

O Massive LSP = x,° 48 (ATLAS)

= Squark/gluino cascade : 0 lepton + 1-10 jets + MET ( or MET/\Hy)

= Squark/gluino cascade + leptonic gaugino/slepton decay : 1 soft-hard lepton (e ) + jets +MET
2leptons (e y) same sign + jets +MET
= Squark/gluino cascade + tops (bottoms) : 0-1 lepton + 3b + jets + MET
Olepton + 7-8-9 jets (inc. 1-2b) + jets + MET

O ~Massless LSP =G 12 (ATLAS)

= Squark/gluino cascade in GMSB/GGM : 2 opp. Sign leptons + jets +MET (Z or non Z)
(1)2taus + jets +MET
y+H-2Dbb +jets+MET

w+jets +MET

P. Pralavorio SUSY at Colliders (IIB) Copenhagen, 31-Oct 2013 22



Gluino , 1/2"d generation squarks (2)

ATLAS-CONF-2013-047

4 ‘Standard’ Olepton + jets + MET searches : Mostinc  lusive !
= Olepton : highest branching ratios generally in q=>qx,° and g=>qgx;°
= Design 10 (inclusive) signal regions to cover most of the phase space

Channel
Requirement A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)
L | M| M T M| T - R
Trigger { ETs[GeV] > 160
pr(jy) [GeV] > 130
pr(jp) [GeV] > 60
Pile-up < PT(]:B) [GeV] > - 60 60 60 60
pr(js) [GeV] > - - 60 60 60
pr(js) [GeV]> - - = 60 60
L | Prlie) [GeV) > - = - - 60
QCD { Adlet, B )y > || 04 (= {1,2,(3ifpr(js) > 40 GeV)}) 0.4 (i = {1,2,3}), 0.2 (pr > 40 GeV jets)
rejection E™ | mes(N j) > 02 | = | 03 04 025 | 025 | 02 015 | 02 | 025
Mg mestincl) [GeV] > (1000 | 1600318000 (22000 (1200 Doaoo Y 1600 o0 | 12003(500)

Tight (t) and Medium/Loose (I, m) signal regions
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Gluino , 1/2" generation squarks (3)

ATLAS-CONF-2013-047

O Energy frontier search with the 3 tighest signal re gions
= Olepton : highest branching ratios generally in q=>qx,° and g=>qgx;°

SUSY model: m =My = 1.4 TeV,
mX10:O.5TeV

T l TTr 1T 1 LB ‘ TTroT | TTrrr | TTrorT ‘ TTr 11 I T
ATLAS Preliminary J'L dt=203M"
SRB - 3 jets e Data2012(1s=8TeV)

Signal Region 9 24] 26]

—— SM Total

events / 100 GeV

10° 3 - & m@:1,om@)=14zs.m(7;:)=sz Diboson = - -]
: -w(;f?ulr:i‘g:lmm(q)=1612'mu')=37 Z/y +jets 0.2+0.5 0.04'3:3 04+06 Domlnated by
Z+jets - -
107 sl Wjets 1612 0709 0705 L ttbar+iets
- -gisinsle top tt{(+EW) + single top 0607 0909 17x14 ]
G i Multi-jets - - —
2 Total bkg 2414 1614 29+1.8 50-100% error
Observed - 0 5
£ 0.33 0.12 0.41
C 6.7 2.4 8.3
Q E +2.9 +2.1 +3.0
9 2sf 5.8°28 3.3+21 6.5*39 : .
z a1 I 0.34(0.4) 050(0.0) 02208 Compatible with
SR AL A i —a_ & " background
Q 500 1000 1500 2000 2500 3000 3500 4000

m,,(incl.) [GeV]
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Gluino , 1/2"d generation squarks (4)

ATLAS-CONF-2013-

OAZ

Us7
d Interpretations for high M g5y, large AM/Mg sy
= Use tight signal regions == Energy frontier limit
= For each point take the signal region that gives the best expected limit
o
9
- Squark-gluino-neutralino model LSP Mass
— MSUGRA/CMSSM: tanf = 30, A = -2m,, >0 @ 2800 O NREE RN RN
Lo < T LA O LA LAY | B L,_i‘ A T LA S B NI e 8‘) 8 3 (X‘) 0 GeV Observed limit (£16, ‘)’
T 8 900 Ry \ V) i ATLAS Pfellmmary_ ] ‘;‘2600 ----- m(t 0) 0 GeV Expected limit (+15,, T
” & [ : | ] a — (Y, ) 395 GeV Observed limit "
§ = I : ":‘.— T _l-l—dt 20 3 'b |5-8lIev‘ ] o~ £ 2400 - ———— m(xw) 395 GeV Expected limit —:
g o 0 Ieplon comblned ‘\ I\A_‘ Z; EZ?OO = 0 ‘) slsitaapsediien
© L AT [ - - 2 C TN~ ", m——— m(f,) = 695 GeV Expected imit ]
g 700 | — Obsewed hmltm o f;ii % “ 2000 — "{: TTeV (4.700) m(f,) = 0 GeV Observed]
§ C L ‘\ "T,' Expecled hmlt (+1|c,_,m) ‘ . % - - 1
< 600 1, |:] Stau LSP TS g : .
S E . g 1600 — -
= e = % B i
500 [ — -
3 - 2 1400 =
£ E ° - -
@ E 5 C i
£ aof g 1 :
S - ' 3 1000 F n
i Mo 1 1\ i\ A ! | 1 ] ! [@)] = -]
o 3 \ "1.“- T"‘-i’“f"w\»‘lf L“"‘t l Ii‘| 1 }ll‘ L ‘Ll 1‘|| 1 IJ | : L 1 1 I L\ Ll 1 1 U) = -
> o 0 - | | | AR ! | .
S 1000 2000 3000 4000 5000 6000 3 goog e Lo Ly 1y o b I b
> m, [GeV] S 800 1000 1200 1400 1600 1800 2000 2200 2400
S gluino mass [GeV]
mg = Universal Scalar masses at GUT Scale -
. . >
m,,, = Universal Fermion masses at GUT scale g

For m(squarks)=m(gluinos) and m(LSP)<400 GeV, set limit at ~1.7 TeV o
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Gluino , 1/2"d generation squarks (5)

ATLAS-CONF-2013-047

d Low AM/Mg sy (‘compressed spectra’) Mer=MET+Hr=1.8(Msusy*Myse)Msusy

= Use loose/medium signal regions for compressed regions (Mgysy= M, sp)
v" In this region, jets from gluinos/squarks very light, i.e relax Mg« cuts.

= Sensitive to Initial State Radiation (ISR) jets boosted by heavy particle production

o P P
4 i.- a
Gj \‘T‘~ ~0
c q X1
S P i P
?\1 Gg production; G- ¢ «, ! gg production; g qq if
‘07"; :||||||--|||.|‘||| ........ BN I L B 0 & __"'I"'_I"’I"'|"'|"' —
£ % 700 —ATLAS Preliminary I\ S Observed imit (£10555) ] o & 1400 —ATLAS Preliminary === Observed limit (+105,0) ]
“ c:;;( C J‘ 4 ~ =~ Expected limit (£10,,,) - —'_ o€£ - . ———~ Expected limit (+10,,,) .
% 600 :_ Ldt=203fb, 1s=8 TeV TN 7] Observed limil (4.7 b, 7TEV-)E g 1200 _J' Ldt=203fb, 1s=8 TeV : Observed limit (4.7 15", 7 TeVin
g - O-leptoncombined S g= L. Expected limit (4.7 f5™, 7 TeV) o = [ Oleptoncombined e xpected limit (4.7 fo”, 7 TeV)
- = c) - -
3 500 — o 1000 [— —
2 C i K} - _
@®© - - [S] @ .
S 400 - 3 = 800 |— .
c L 3 ] C i
Q - 7] o L o
2 300 — g —] o 600 [— —
3 = ] N C Ve o e 3
. ] > RO - e o e ]
0 200 & - c 400 | GRSt N e ]
o & 4 e e OO « = (@) Cx 2]
2 ) ] L p
= wo N Tl ik = 200 G E
m ‘ — -
=3 o . : . 3
2 cov o b e by b v by v Iw a3 1y lilllxtlljjl_ R s
<; 200 300 400 500 600 700 800 900 1000 1100 200 400 600 800 1000 1200 1400
g m; [GeV] my [GeV]

Significantly less stronger limits M(LSP)<300/500 GeV
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Gluino , 1/2"d generation squarks (6)

CMS-PAS-SUS-13-012

d Other discriminating variables can be used

- CMS Preliminary, 19.5 fb, Vs = 8 TeV CMS Preliminary, 19.5 fb'', ys = 8 TeV
_— = = — 600 - —
~ o~ o~ p—— . PR =
PP —>99,9 — qqx? NLO+NLL exclusion B 10 @ % PP —qaq.q— q’if NLO+NLL exclusion — 10 =
= ==Observed + 1o, =5 S S =Observed £ 10,,,,, § =
%1 ooo Expected+ 1o____., = g & S00| z::z Expected+ 1o =i 2
N periment = g_; ﬂ o= P == experiment — (]
= B T 1 P = = = i==i -
800 1 3 a 1 41 g9
N " 5 400 S 3 s
= -1 = = =1
MHT, No | 1 | & | MHT Ng | .=
600 s & 0= J 1 =
N ot e e E 300 =107 E
] b == S
400 - a8 G| =
=] 200 T = =3
5_! = -‘. v B 102 —E
200 oo S 5 e o
2 100 P = 32
-, . ey S - e ; |: ] %
o i SR VR T Sl el T B [ T L (e PR Y gy gy P TOO -3
400 600 800 300 400 500 600 700 800 900 1000 '°©
gg production; g—>q g f? qq production; g— q i?
= L e B B L e e S S S = AL BRI B B B B B B
& 1400 —ATLAS Preliminary S Observed limit (£105e07) ] & 700 —ATLAS Preliminary Observed limit (+10peay)
OE‘MV : 4 - === Expected limit (+1 Toxp) : :,.,; — - = ==~ Expected limit (1 Caxp) .
1200 —I Lt=2031b", Vs=8TeV [] observed iimit (4.7 b, 7 TeVi—| = 600 _—.[ Ldt=20.3", te=8TeV Observed limit (4.7 o', 7 Te\y—
E 0-lepton combined ..., Expected limit (4.7 fb™", 7 TeV)E E 0-lepton combined e A — Expected limit (4.7 fb!, 7 TeV) E
1000 — - 500 |— —
800 |— o - 400 —
600 — e = 300 F —
T E -
400 C.. -
200 e =
h‘t .
200 - -
100 st —
: 4 t =
200 000 1200 PR SN T S [ TN SO (MO TN T S N N T T A O (W W .El L TR
200 300 400 500 600 700 800 900 1000 1100
m; [GeV]

Comparable limits
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Gluino , 1/2" generation squarks (7)

ATLAS-CONF-2013-062, ATLAS-CONF-2013-007

dLow AM/Mg sy (‘compressed spectra’) — Part

= Develop dedicated analysis using ISR jet : “Monojet” (see later)

= Will also analyse delayed trigger with lower threshold

= Relax kinematic constraints on jets / Mg by asking 1soft lepton or

q

2 same-sign leptons

y24
& 39 WWE T, x=1/2 §q g iy, m(t g
9 —— g‘lg —'> Q?qql lxﬁ:"p >.(_ —t— 6 ——— g-g production, g— tfi1, m(t) >> m(g)
I" o u —"_ . o ]IIIIIIWIi[l]]]l![llllllI]]]ff[Tllllllll]i
¥ 3 ATLAS Preliminar - PRD 86 (2012) 092002 i3 & 3 C
+ P P - .
R Rl add 2 3E | 2 & 1o ATLASPreliminary
o i3 -lepton + jels + T Observed limit (hard lepton) 5 o oy | Ldt=207f" \s=8 TeV
R E A AR A Expected limit (hard lepton) = 5 c £ L ' !
8 800 Ldt=2031b, 1s=8 TeV ‘2 ~—— Observed limit (soft lepten) —| § 5 1000 |— 2 same-charge leptons + jets
= === Observed limit (1 o) st Epmel oy o § =) - £ Observed limit (1,0
=) 700 i " o — o w [ ---- Expectedlimit (+1,,,)
v === Expected limit (+10,,,) 034 o0 E § % 800 |— — O-leptons, =3 b-jets, 12.8fb", \s=8TeV
% 600 “"*-.?,;"9 0.03 e E B B 2-SameSign-leptons, > 4 jets, 5.81b", 1948
= e.02 Je @© r
A 43 C ¢
E 500 w8 ”20‘02—___ g & 600 |- AlimisatossaCl e
%) 0.02 o [N -
400 % I > C
™ 0§2 002 T E.Je - r
% 300 "._0.02 0.01_—] 2 (@) 400 —
% 002 1 =z B
®) % 0.05 T oo = § i ,
2 0,10 0.05 X : ' 001 =] |
T T 4\ oo o £ 200 =
100 B b Q 0.04 001 o 2 ] H
16 021 o, 007 ) @ 0.04 H 0.01 = I 7
(e N [ R T S B 1 1€ 0051 | o 0 S ook 4 A TS A of A PR TR AT IV AVAVSTAY | ATEETIN O AN e (AT A
400 600 800 1000 1200 1400 500 600 700 800 900 1000 1100 1200 1300
m; [GeV] m; [GeV]
Can reach M(LSP) ~ 600 GeV !
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Gluino , 1/2" generation squarks (8)

 Assume now LSP is the gravitino (GMSB)

= Next-to-Lighest LSP (NLSP) determines the event final states
= Enhance multi-leptonic / photonic signature (0/1/2 leptons +jets +MET analyses also strong)

JHEP 02 (2012) 115

i NLSP type Relevant final states (+MET)
G . .
bhino 17, Ytjets
wino L vy, yHjets, (4jets, jets
Z-rich higgsino Z(IT 1 +jets, Z(£X ) Z(0T07), SS dileptons, jets
SM partner . . X T -
h-rich higgsino b-jets, SS dileptons, jets
chargmo | SS dileptons, OS dileptons, (+jets, jets
[ slepton || multileptons, SS dileptons, OS dileptons, f+jets, jets
SM partner squark/gluino | jets
stop | SS dileptons, OS dileptons, b-jets, (+jets, { + b-jets, tt, jets
shottom ‘ b-jets, jets
& i

Next slides Discussed Before See Natural searches later

------ Watch out the m(gluino)=1 TeV line

Have covered pretty much all signatures for gluino originated cascade !
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Gluino , 1/2" generation squarks (9)

1209.0753, ATLAS-CONF-2012-144, ATLAS-CONF-2012-152 , 1211.1167

QO NLSP = ¥,°

0-Higgsino like
= Add MET to all signature in brackets X1 -H1gg

(Z+jets, H >bb+jets)

= All results still with 5 fb-! of data oSl 0 A (e
0 . . ﬁ [ ATLAS Preliminary ::::::r::t;:: : ‘ E
0 . . Xl -Wlno |Ike degenerate ém”ﬂo r det 5815, 15=8 TeV ;:l:i“m;salgs%a —E
x.2-bino like ( ) )
< i GGM blﬂohke neutrahno tanf =2, ct<01mrn 1500 GGM WInO I|ke NLSP I I 200 :_ ----- ]
S | AL B E’ o LEEREE F -
8 ! E ATLAS _ Observed limit (+1opee’) 4 {400 & 000 o Observed limit (+1 Gsusv)_f 800 |- 3
& 51400 :— J' Ldt=d7f" (s=7TeV  |====" Expected limit (+16,) = Y .\ U fheaty E F ]
a 1300 | ——— ATLAS 1.01b 7 1300F AN 7 Expected limit (£16,,) — g E
S * 4 1200E Alllimits at 95% CL = 600 [ E
O 1200 - A, = 1100E o E 3
= e 3 E ATLAS Preliminary 3 500 500 600 700 med) (G
3 nwf =’ L e S - - i
E ] = Ldt = 4.7-4.8 fb 3 400 500 600 700 800 800
1000 == mmmmmm e oo —- 900 3 EW ¢ S{Feng LG
F 1 800F \s=7 TeV =
200 = E 2 3 1100 e aM: higgsino like neutralino, tanf=1.5, jil<0. ___
;L_A_,—/—«—f— 4 700E = g g 1 ;
000 |f = - 3 £ 1000 --
g I I L | | I ] 600 E gNLSP E g 9004
720 200 400 500 800 1000 1200 50960 * ‘260' =t fg(I)()‘ = '466 — Séd - IS(I)d - '760' = I8_O( g 800f Z Observed limit (155437 3
5 :_ - - -. Expected limit (+10, =
RY— wse ey © e gl
500E- _[ Ldt=47M"
400 * \s=7 TeV =
w0 - A GNLSP E

o] =
200 300 400 500 600 700 BOD 900 1000

NLSP Mass (GeV)

Expect to constraint gluino above 1 TeV with 20 fb-! (Work in Progress)
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Gluino , 1/2"d generation squarks (10)

ATLAS-2013-026, 1208.4688

1 NLSP = slepton

=Can enhance the number of taus if stau NLSP* and other leptons if selectron/smuon NLSP

GMSB: Mye25=250 TeV, No=3, p>0, Cyrp =1
60

=Can combine all flavor (e, u, 1) 5 I

excl.

50

GMSB NLSP ol
% 50 |I LU | = Y
© ]
= | A ATLASkreiminary -
S + "e‘.S +ME ! é JLot=207 15", 15=8 TeV 1
4 2 tau o P ]
35 a0 4 {t;slo A ‘ajol - Ks‘o‘ . ‘1:00
30 T T ATo)
o5 ~Gluino Mass 1Tev 15TeV
20 o e Observed limit (+105007)

ATLAS = 1 tau (2fb™)
ATLAS = 2 taus (2fb ')
Al limits at 85% CL

7 N 2e/
5 - R

10 20 0 40 0 80
A[TeV]
~Gluino Mass 0.5 TeV 1 TeV 1.5 TeV

J-Lat=47fb‘.\s=71'ev
= 2 leptons + jets + E]™"

K

+ 'etS +MET

9]
z
)]
T
© HIIIJI]IlIIIIIJIIIJIIJIlIJII

—»
—»
g
>
3
2

~Gluino Mass 0.5 TeV 1Tev 1.5TeV

* Stau can be also be light if large mixing
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Gluino =3 generation squarks (1)

O Gluino mediated stop and sbottom  (natural/inclusive)

A Natural Spectrum_ !

General “bottom-up” viewpoint

M e @ia Ba 1
I “Distant P
| TeV _L ; Cousins”

The “Nuclear Family”
of the Higgs

500 GeV_|

- -

<«<— Closeness to Higgs
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Gluino =3 generation squarks (2)

ATLAS-CONF-2013-061, 1308.1841, ATLAS-CONF-2013-00 7

Q top killer analyses for gg = >ttt X;°x,°> 4b+4W+MET
= ttbar = 2b = Ask for 3b [see before]

= ttbar leptonic = 2 opp. Charged lepton = Ask for 3 leptons or 2 same sign lepton [see before] )
= ttbar hadronic = 6 jets + no MET -> Ask for Olepton + 7-10 jets + MET/ VH

T s

6-jet trigger py(jet)>50 GeV

Develop 0 — 1 — 2 bjet analysis
Template method to control Multijet background i
v MET resolution ~ VH,, independent on Njet
Example with 10jets p(jet)>50 GeV

T T 1 I L l L ] T T 1T I | S I L | I T | [ T
ATLAS ¢ Do

4 Total background
|Ldt=2031fb 1 Multi-ets

= [ tis qlll
Ns=8 IeV . Sing?e top
. tW,Z
[ W= v +b-jets
s W — v + light jets
] Z~auvv, I+ jets
------- [g,i1]:[900,150] [GeV]

B 10 jets p, > 50 GeV

|
—_ —_
QL S

—_
o
w

[ |
Events / 4 GeV'?

v

—_
o

=K
b s d
o N
T
i

Fy
h 4

Data / Prediction

o

0 12 14 16
ET/\ H; [GeV1l2]

P
N
at
(o)}
®
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Gluino =3 generation squarks (3)

ATLAS-CONF-2013-061, 1308.1841, ATLAS-CONF-2013-00 7

Q top killer analyses for gg = >ttt X,°X,°> 4b+4W+MET =
= ttbar = 2b = Ask for 3 b [Strongest ] “ ol w

s W

= ttbar leptonic = 2 opp. Charged lepton = Ask for 3 leptons or 2 same sign lepton [Compressed ]
= ttbar hadronic = 6 jets + no MET - Ask for Olepton + 7-10 jets [Not competitive here ]

L. Hall (LBL Workshop, 21-Oct11)
§g production, §— ﬁx"';. m(@ >>m(g), \s =8 TeV Lepton & Photon 2013
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Very strong limit on this natural signature m(g)<1400 GeV
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Gluino -3 generation squarks (4)

CMS-PAS-SUS-13-004

Q top killer analyses for gg~ >ttt X,°X,°> 4b+4W+MET

» Razor variable as discriminant in Olepton + =2 b-jet analysis

Requirements
Box | lepton [ btag | kinematic [ et
(Mg > 400 GeV and R* > 0.25) and 5 .
’ 2b-Jet ‘ none ‘ 2> 2b-tag ‘ (Mg > 550 GeV or R~ 03) 2or3jets

CMS Simulation Vs = 8 TeV
Razor MultiJet Box [ L=19.3fb™
SM Backgrounds ti+jets, W/Z+jets

CMS Preliminary, 19.3 fb™", \s = 8 TeV

—~1200 ~ 10
o pp — dg, g — tTi? NLO+NLL exclusion | 1
91000 —Observed = 1 Cieory &
% :::Expected + 1 R 1
£ { =
800 v‘.b\ e
N\ S
Ve ¥
600 =

E g ; 10"

| ||Iull

B LR BRI B
NS
o
~

95% C.L. upper limit on cross section (pb)

= ot oo R W
1=k : _ pp—i,i>t%’, 6 =0.01pb loor 400 o
! " - m-=800 GeV, m_=25 GeV ’ —t
0.8 i —lo.06 N - 102
o 20014 | 7 3
0.5 L
. 0.02 MEIRTI ITR O | o |="| | w01, ) é 10 3
0.3 . fo 600 800 1000 1200 1400
) !‘I '
2000 3000 ° Myino (GEV)
Mg [GeV]
Similar limits obtained whatever the discriminating variables
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Gluino 3" generation squarks (5)

ATLAS-CONF-2013-061, CMS-PAS-SUS-13-004

Q top killer analyses for gg= >bbbb X;°X,°> 4b+4W+MET
= ttbar = 2b > Ask for 3 b

. ag productlon g - bb+x m(q) >> m(g) L™= 20 1fb7, \s=8 TeV
= Razor variable also very powerful = | ]
_(5'1 1400 ATLAS Preliminary ---- Expected Ilmlt t100p —]
o = Susy
E [ Olepton + 3 b-jets channel o Observed limit + 1 STheory
L] —— O+ 3bjets, 128 b7
1000 - All limits at 95% CL A
L. Hall (LBL Workshop, 21-Oct11) C 5 2
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Very strong limit on this natural signature m(g)<1300 GeV
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Summary on gluino

Inclusive-like

Squark-gluino-neutralino madel
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— Observed
-~ Expected
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— T T
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T T T

heory
0O-lepton, 2-6 jets
ATLAS-CONF-2013-047
O-lepton, 7-10 jets
ATLAS-CONF-2013-054
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
2-5S-leptons, 0 - = 3 b-jets ]
ATLAS-CONF-2013-007
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w
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GMSB-like : m(g)> 1TeV

®

NLSP type Relevant fnal states (+)ET)
hina 7, s
i 10, 1, s, Lrjets, s

2 yjets, 2 )VZ(), S5 dileptons, jets
Ijts, 59 dileptons, jets
85 dileptons, O dileptons, (et

ltleptons, 58 dieptons, 0

Zich higgsino

li-tch biggsino
largio
slepton

s, Jots
S dileptons, [+ets, jets

Jets
stop | 95 dileptons, OS dileptons, bets, (+jts, 4 jts, f, s
” shoftom [vjefs, jets

Previous slides
Discussed Before
See Natural searches later

Limits on gluino are quite strong.

Limit on 1rst/2nd squark generation weaker (or many assumptions)
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Conclusions

Plan vanilla MSSM is in danger ! Other Escape routes

|vlSUSY
A

AM

AmI‘ |

(mlssmgg
or not if RPV N
| 3. Low Am, tiny RPV, weak coupling to G
Higgs |\/|_ass Long Lived or meta-stable sparticles
e 4. ‘Sizeable’ RPV
5 Multileptons, No Z, jet resonances, LFV

5. MSSM Extensions?
Scalar Gluon

Still viable if :

-- compressed scenario (limits are weaker) ISR/Monojet-like analysis, delayed trigger
-- complicated SUSY spectrum (intricate decay chains) —— > pMSSM systematic scan

-- a new electroweak singlet is added(relax Higgs constraints)—> not fully explored yet

-- N=2, hard at low luminosity (c,*c;2>WW), ...
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O An extensive experimental research program

Large spectrum of possible stop decays. Effort so far concentrated on simplified models with
100% BRs to chosen final state. Studies of handedness dependence performed.

300
m(y 10)

[Gev] 250
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Courtesy of Andreas Hoecker
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e hah el ot Rl 5 5, .
v m(t) < m(z) S dg’, { Signature-based analyses:
phn '-'_.{‘w'.“ X .1.{'. .'\.:‘{g;" 6\\‘&'\

ainilniaiaia st faiafalafafals O

N N A *'-;-L‘ 0 lepton + 2 b-jets + MET
'?-':‘T'“."':'\."t'\.’\. .
E T 9.0 AR .w: ‘ = ff'b 7P « 0 lepton + 6 (2b) jets + MET
f L X S « 1 lepton + 4 (1b) jets + MET
aanaaad O~ .

Shnnphh = * 2 leptons (+ jets) + MET

R AN £ 79 e 3 i
SR 3?? ty = Wb ty >ty «  GMSB / t, search with add. Z

t, = b xi*) - W) b ¥

150 2 ty, X;% X, 350 400 450 500
m(t;) [GeV]
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O Analysis with Charm and ISR

= A small corner of the phase space (m_ +my; < m;; < mg+m,,+my;)

= Trigger on ISR + Two complementary approaches
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ATLAS-CONF-2013-025

1 Possible to cover unaccessible regions: stop2
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d Current summary at 8 TeV (Still in progress)
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“If you cover the white then RPC Weak scale SUSY is probably dead” R. Barbieri ICHEP2012)
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Multivariate (MVA) for SUSY ?

* Usefulness considerations ...
—  MVA less useful in case of strongly varying signal predictions and inclusive search
—  MVA classification useful in presence of several not too strongly correlated variables
— Useful in case of bad signal to background ratio in signal region
—  Less useful in case of one or two very strong variab|les with little correlation

— Maybe: analyses that strongly benefit from more statistics are good use cases for MVA
classification, while analyses depending mostly on highest CM energy are less so

—  MVA training requires supervision by a signal model: useful if good generic or specific
signal model exists

* Looking at the current SUSY analyses ...

—  Probably not much needed for: inclusive 0/1-lepton, multijet, monojet, photon/tau +
jets + MET searches = driven by highest effective mass tails with good S/B ratio

— However, compressed scenarios in these analyses might be an MVA use case
— Potentially useful for direct stop / gaugino / slepton searches

—  Probably not so useful for RPV scenarios (?)
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