The Galileo Galilei Instltutg for Theoretical Physics
Arcetri, Florence

M ..

ﬁ__,,g —
‘lls '."." |

DISCOVERING LIGHT STOPS IN RPV
SUSY

RICCARDO TORRE
SISSA & PADOVA U. & INFN PADOVA

\ ﬁ - -\l .:-’
/% (& e ,
,-‘__\ 2 o\
f /“ . ':".
: : INFN
| 2 .—~_I
w‘ ’ v
\7” oS/ ‘ / Istitute Nazion
/( - \\\ 4 i Fisica Nucleare
- D =24 \\_}

SUPPORTED BY THE ERC ADVANCED GRANT “DAMESYFLA” (ELECTROWEAK SYMMETRY
BREAKING, FLAVOUR AND DARK MATTER: ONE SOLUTION FOR THREE MYSTERIES)

based on R. Franceschini and RT, 1212.3622 [hep-ph]



The Galileo Galilei Instntutg for Theoretical Physics
Arcetri, Florence

¥ -

ﬁ_,,g N '
. - " o

48 WAYS TO LEAVE THE MSSM

RICCARDO TORRE
SISSA & PADOVA U. & INFN PADOVA

\ ﬁ— . ‘\' ‘;-.:
W ! / \ y
/A 2 O\ ’
7y - -\
= INFN
| 2 —~,I
*-“ ’ (-]
\7 S/ : stituto Nazion
/ ’ - \.‘. 4 di Fisica Nucleare
(‘ 1 ‘\\\;} ‘ L

SUPPORTED BY THE ERC ADVANCED GRANT “DAMESYFLA” (ELECTROWEAK SYMMETRY
BREAKING, FLAVOUR AND DARK MATTER: ONE SOLUTION FOR THREE MYSTERIES)

based on R. Franceschini and RT, 1212.3622 [hep-ph]



OUTLINE

0 Introduction & Natural SUSY
0 R-parity and its breaking
o Pair production of stops: signal vs background

» Conclusions

Riccardo Torre Light RPV stops hiding in the LHC data



OUTLINE

0 Introduction & Natural SUSY
0 R-parity and its breaking
o Pair production of stops: signal vs background

» Conclusions

Left out
0 Model building for R-parity violation

Light RPV stops hiding in the LHC data



THE HEALTH OF SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Freiiminary
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THE HEALTH OF SUSY

Summary of CMS SUSY Results* in SMS framework LHCP 2013
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THE HIGGS VS THE MSSM

MSSM Higgs Mass 1112.2703
140 1
130?: b : myp ~ 125.5 GeV
[esccccsssscacaemmRENRE T s eRaaaEaaaRa000055,
L ‘.
S 120; 1
£ 110 Large stop masses

X; =0 : e
Suspect | Close to maximal stop mixing

FeynHiggs
200 300 500 700 1000 15002000 3000
m; [GeV]

o The light Higgs boson and the negative results in the searches for superpartners
point toward a non-minimal scenario

o A plethora of possible models, so which criterion to follow?
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STOP SEARCHES

~ The LHC7/8 has put very strong bounds on third generation squarks

T{, production, f— t%. /> Wb %, Status: LHCP 2013
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STOP SEARCHES

~ The LHC7/8 has put very strong bounds on third generation squarks
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MSSM --> NATURAL SUSY

- We still want to insist on naturalness and on supersymmetry

_ We are interested in an effective SUSY model describing only the physics relevant

for the LHC

~ These ingredients require only a part of the SUSY spectrum to be at the TeV scale
and possible new physics to become relevant at some scale Ayvy not far above the

TeV scale
> TeV =
1 TeV ==
’U "

Riccardo Torre

Typical signatures:

- Heavy flavored final states

Nz

q1,2; ~ Less missing energy
o Large multiplicities
Alternatives
o Stealth SUSY
X150, 9 . RPV
h,W,Z o

Light RPV stops hiding in the LHC data



MSSM --> NATURAL SUSY

- We still want to insist on naturalness and on supersymmetry

_ We are interested in an effective SUSY model describing only the physics relevant
for the LHC

~ These ingredients require only a part of the SUSY spectrum to be at the TeV scale
and possible new physics to become relevant at some scale Ayvy not far above the
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WHY RPV?... WHY NOT?

~ In the SM B and L conservation is accidental while in the MSSM gauge invariant,
local operators that violate B and L can be written at the renormalizable level

1 Dreiner hep-ph/9707435

/! p
WB — 5 )\z]k Uchlei Barbier et al. hep-ph/0406039

1 1
Wy =piHyLi + 5)\z’jkLiLjE](<j + §>\;;jkLinD1§
_ There is a total of 9+27+9 new Yukawas (A, A, \"") and 3 new mass parameters (/)

~ The mixings i; can be diagonalized away with a suitable field redefinition and is
unphysical if no soft terms are present

~ When SUSY is broken however, the mixing will reappear in the dim=2 SUSY soft
terms generating RPV mass terms

o To forbid these operators a symmetry called R-parity is required, where

RP Afe (_1)QS+3(B—L)

_ SM particles have even R-parity while superpartners, i.e. squarks, sleptons,
higgsinos and gauginos have odd R-parity

Riccardo Torre Light RPV stops hiding in the LHC data



WHY RPV?... WHY NOT?

- Giving up with R-parity generates a lot of problems

1. B and L violation
2. Proton decay ()’ - )\ < 10724)

3. Experimental constraints (charged current universality, masse of Ve,0v23 decay, atomic
parity violation, ' (1 — evv) /T (1 — pvv), D — D° mixing, n — 7 oscillation, di-nucleon
decay, T (1 — ep) /T (1 — ui), BR (D* — B%utv,) /BR (D* — Be*v,), BR(1 — 71,) , v, DIS)

_ However R-parity is not enough to forbid B and L violating HDO and in effective
SUSY models one could expect the scale that suppresses these operators to be lower

than the GUT scale

k
Wupo D UUDE

Ap—decay

_ In this case proton decay becomes an issue even with R-parity for Arpv < MguT
o In the framework of Natural SUSY RPV is less constrained than RPC
~ RPV provides very peculiar phenomenology (due to the absence of MET)

~ However, some model building to predict the couplings and the flavor structure is

necessary (e.g. MFV, gauged flavor symmetry, partial compositeness, etc.) Berenzhiani

1985, Grinstein, Redi, Villadoro 1009.2049, Krnjaic, Stolarski 1212.4860, Csaki, Grossman, Heidenreich 1111.1239, Karen-Zur, Lodone,
Nardecchia, Pappadopulo, Rattazzi, Vecchi 1205.5803, Franceschini, Mohapatra 1301.3637, Csaki, Heidenreich 1302.0004
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WHY RPV?... WHY NOT?

~ Giving up with R-parity generates a lot of problems

1. B and L violation
2. Proton decay ()’ - )\ < 10724)

3. Experimental constraints (charged current universality, masse of Ve,0v23 decay, atomic
parity violation, ' (1 — evv) /T (1 — pvv), D — D° mixing, n — 7 oscillation, di-nucleon
decay, I (7T — 617) /F (7T — ,LLI7),BR (D+ — I_{O*,LL+VM) /BR (DJr — ]_(O*e+ue), BR(T — 7TV7-) p VMDIS)

~ Considering only B breaking but not L breaking the main bounds are the following

(PR @) NN - KK Tl < O(1073) K — K oscillation
= @(10-2) n — 7 oscillation i < O K — K oscillation
| < O n — n oscillation [N RS 6 ) B

| < IS n — n oscillation N < O B~ — ¢n~

— . Barbier et al. hep-ph/0406039
N <3x107" for m;~1TeV cosmological bound el ,
f Di Luzio, Nardecchia, Romanino 1305.7034

~ Unification has been usually considered an issue but recently a natural solution has

been presented in the context of SO(10) with an adjoint vev along 13z or B — L
(Di Luzio, Nardecchia, Romanino 1305.7034)

~ The absence of a stable LSP also implies the lack for a WIMP DM candidate but
solutions are possible (axions)
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SIGNATURES

Collider signatures of RPV strongly depend on the spectrum (light states and LSP)
- Leptonic RPV more constrained due to many leptons in final states

Hadronic RPV gives more “jetty” final states and therefore is less constrained

~  We focus on hadronic RPV (L conservation can still protect proton decay)

QCD pair production of colored superpartners (g, bb, £ ) main prod. mechanism

> TeV =% 5
d1.2,
1 TeV =+ 8
l
b
. X §

Han, Katz, Son, Tweedie 1211.4025
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SIGNATURES

_ Collider signatures of RPV strongly depend on the spectrum (light states and LSP)
- Leptonic RPV more constrained due to many leptons in final states

~ Hadronic RPV gives more “jetty” final states and therefore is less constrained

~  We focus on hadronic RPV (L conservation can still protect proton decay)

~ QCD pair production of colored s11nor=n=t=are (gg, ZE, it ) main prod. mechanism

14

> TeV =4 3 .\\f\‘\l\l\‘
= 7 & o et b\<
u1,2,3
1 TeV =+ |44

,M

B2 >mmm<
Choudhury, Datta, Maity 1106.5114
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STOP PAIR PRODUCTION

Choudhury, Datta, Maity 1106.5114
_ We have seen that RPV couplings are bounded to be very small Freeeschini RT 1212.3622

~ Single production of superpartners is therefore strongly suppressed

_ Pair production however depends only on QCD interactions and it’s fixed by the
strong quantum numbers

% ]
Stops at LHC8 (NLO) 1205.5808 G TR — —— -
500 " ¥ ;
’ 1.0 't j
100 9 TR — - — -
50, = t J
= 01 ¢
= 10 =
b E] 003 ¢ | © The LHC is not yet sensitive to
| lo.o1 ° the stop pair production CS in
L 10.003 the present analyses
400 _ The background is huge, and

heavy flavor tagging is crucial
in this case
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STOP DECAY

_ The stop BRs into different flavor di-quark final states are model dependent

~ The structure of the baryon number violating couplings A" is given, in explicit
constructions (MFV, gauged flavor symmetry, partial compositeness, etc) by the

expression

14

Ty, Mg . TN J
)\// . V_CKM J k €1:%
2l 3 J
my

_ This expression depends only on CKM matrix elements, quark masses and a
model dependent parameter u (the overall factor is a free parameter)

SU (3)Q, L.d,u,e,v Csaki, Grossman, Heidenreich 1111.1239
i g "y Krnjaic, Stolarski 1212.4860
il 1 BR (t — bd T bS) ol 99% SU(S)Q’Q Lok Karen-Zur, Lodone, Nardecchia, Pappadopulo,

MFV  Partial Comp. = Rattazzi, Vecchi 1205.5803

BR (g — bd + bS) A 14% SU(3)V,q,l Franceschini, Mohapatra 1301.3637

=
]
|

~ For small BRs into heavy flavors searches are very difficult, but assuming large
BRs into heavy flavors stop pair production can be observed at the LHC

Riccardo Torre Light RPV stops hiding in the LHC data
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STOP DECAY

SU (3)Q, L.d,u,e,v Csaki, Grossman, Heidenreich 1111.1239
et g =0 Krnjaic, Stolarski 1212.4860
s 1 BR (t i bd s bS) ~ 99% SU(S)Q’Q llt Karen-Zur, Lodone, Nardecchia, Pappadopulo,

MFV  Partial Comp. = Rattazzi, Vecchi 1205.5803

= BR (i—v — bd + bS) ~ 14% SU(S)V,q,l Franceschini, Mohapatra 1301.3637

~ For p=1 we get (low tan )

bs bd ds
R 15 [ e A (B B 1] [
RGNl R (R e
w 2albse T EY Sl se W02 S s il e

o So all the bounds on hadronic RPV can be easily satisfied

_ The decay length is given by

500 Gev> (0.9 x 107 )2

L =2 mm(s) ( 9

~

q

_ So that prompt decay requires X\’ > 10~

Riccardo Torre Light RPV stops hiding in the LHC data
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CURRENT LIMITS: LEP + TEVATRON

7~~~ Ry vafEstial o "\l\' TP KR "o‘\.l Sk '.' TN ':
@ - N o .. Direct decays _ Searches at LEP have set a
o i B Yoy 1 bound (OPAL Collaboration hep-ex/

0310054)

m;(@; = 0.98) 2 77 GeV
m;(@; = 0) Z 88 GeV

m(q) (GeV)
[ Ldt=6.6f" pp \s=1.96 TeV CDF Runll
_'—O-' - | | “.l. | | | | | 3
= pp = YY = jjj —e— Expected limit at 95% CL ]
— —&— QObserved limit -
= ol Expected Ifmfti 1o B
o Tevatron (CDF) has an analysis + 1F o o 20 3
setting a stronger bound (cpr < N siop e RO
Collaboration 1303.2699 hep-ex) T 10k -
Q. = 3
a z 2
© i :
my S 50 GeV my Z 100 GeV 1 §_ (a) —é
| I | I ! 1

|
250 300 350 400 450 500
Resonance mass m,, [GeV/c?]

J -v
50 100 150 200
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CURRENT LIMITS: LHC

. Together, LEP and Tevatron have set a bound

msy Z 100 GeV

~ ATLAS and CMS have presented searches for pair produced colored resonances
decaying to 4j (colorons and sgluons) and recently have also focused on stops

. CMS,\S=7TeV 5.0 b’
o) TN T R R ED Rl P R R
Q
e ¥ ——— Observed Limit (95% CL) =
o -.....=.  Expected Limit (95% CL) -
< B i ]
% C—] 2 3]
o -~ coloron to qg onl
a 10" - + = coloron to qq or S;S, .
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The LHC is not yet sensitive to
the stop pair production CS in
the present analyses

The background is huge, and
heavy flavor tagging is crucial
in this case

We will show that with b-
tagging techniques LHC data
can already exclude stops in the
very light mass region (at the
hearth of naturalness)
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SKETCH OF THE ANALYSES
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SKETCH OF THE ANALYSES

CMS \S = 7TeV

Trrrr1 Frr[orr>? Frrrr1°*

YT

LN B A

Observed Limit (95% CL)
Expected Limit (95% CL) 7
+ 1o -
+ 20 l
coloron to qg onl

coloron to qq or S,S

----- stop to qg only

I‘III‘]

o x Br? x Acc (pb)

102 -

300 400 500 600 700 800 900 1000 1100 1200

Ang. pairing:

Main cuts: _ai-

95% CL Limit o x BR [pb]

ARjj > 0.6

Om < 0.15

_ B R
pS™ + py™|

ARpairS < 1.6

< 0.5

| cos 07|

Main cuts:

Mass pairing: 0y,

—
2

LI III”I

S

T ] III"]

R

LI ]IITIII

10

’mab

mcd|

Mab e Med

5m p 0.075
A=Y (pr); — |Mab — mpe| > 25

Difficult to trigger on events with low pT jets

1 (A)? > 0.7

T

~ ATLAS

!

¥ ] LS T ¥ T I T T L) T

Ldt=461fb"
Vs =7TeV

I T v T A )

A L 4 T v ]’ v T A
-=—- Observed

--- Expected
Mz 10
+20
~ Scalar gluon
Hyperpion
— ATLAS 2010

¥ ' ¥

Ll

e | lllllll

11 lllllll

llllll

150

N (SN
200

wf
8,

Mass [GeV]

Riccardo Torre

Light RPV stops hiding in the LHC data

13



B-TAGGING

_ Online b-tagging can help in reducing the pT threshold for the recorded jets!

10 |

0 b-tag 1 b-tag 2 b-tag

? ; co'V) 320mb | 128nb 192 pb
O2p2j < O4j ; Ora;) | 88mnb | 58mub | 3.8mb
6 I
f :L MGS5 with selections pr > 35 GeV, |n| < 3.5, AR > 0.4
s :
4 |
i 0 b-tag 1 b-tag 2 b-tag
2| . o
______________ 2625 > 04y i oY) | 5ub 200 pb 3 pb
o} il | - Al oY) | 136pb | 90 pb 59 pb
0 10 20 30 40 S0 60 70
€p-tag %o MGS5 with selections pr > 75 GeV, |n| < 3.5, AR > 04
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B-TAGGING

_ Online b-tagging can help in reducing the pT threshold for the recorded jets!

02p2; < O4; 3
02p25 > 045 !
________________________________ *'_~
10 20 30 40 50 60 70
eb—tag%

~ We can reduce main background from the 4j to the 2b2j, i.e. a factor of 36 smaller
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B-TAGGING

_ Online b-tagging can help in reducing the pT threshold for the recorded jets!

10 | |
0 b-tag 1 b-tag 2 b-tag
° ; 12.8 nb 192 pb
| O2b25 < 04 5 5.8 nb 3.8 nb
6" | -
f | :L MGS5 with selections pr > 35 GeV, |n| < 3.5, AR > 0.4
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2023 > 49 i 3 pb
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0 — — - : : 59 pb
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€p-tag % MGS5 with selections pr > 75 GeV, |n| < 3.5, AR > 04

~  We can reduce main background from the 4j to the 2b2j, i.e. a factor of 36 smaller

_ Assuming the interesting events have been recorded with the ATLAS and CMS 2012
triggers, then using (offline) b-tagging the relevant backgrounds for our final state are

pp — 202 pp — 1t (aﬁ?TeV) = 135 pb)
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OUR ANALYSIS

_  We aim at identify the stops signal as a bump in the my,est distribution

_ After studying the effect of a cut based analysis using all the different kinematic
variables defined by the CMS and ATLAS collaborations, we identify the following
kinematic variables as the most relevant to optimize S/B

Magp — M
S = ALy — 1SN GEE B i — ]
+ Mab 5 Med
* Mab Med ‘Anab| ki |A7’]Cd‘
Mpest — 9 Anbest - ;
o PratPoh _ Pec ¥ Peq ARq; + AR,
COS 0 — s Cfn = = an ARbeSt . b + d
‘pa _|_pb | |pc —|_pd 2
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_ The relevant kinematic quantities crucially depend, especially for signal, on
smearing effects due to showering and detector

Riccardo Torre Light RPV stops hiding in the LHC data

15



OUR ANALYSIS

_  We aim at identify the stops signal as a bump in the my,est distribution

_ After studying the effect of a cut based analysis using all the different kinematic
variables defined by the CMS and ATLAS collaborations, we identify the following
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_ The relevant kinematic quantities crucially depend, especially for signal, on
smearing effects due to showering and detector

_ To get a reasonable estimate of the signal and background distributions in these
variables we made a full simulation chain
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variables defined by the CMS and ATLAS collaborations, we identify the following
kinematic variables as the most relevant to optimize S/B
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|pa i Py |pc ol Py 2

_ The relevant kinematic quantities crucially depend, especially for signal, on
smearing effects due to showering and detector

_ To get a reasonable estimate of the signal and background distributions in these
variables we made a full simulation chain

_ MadGraph5 @LO (CTEQ6L1)

~ Pythia 8 (parton shower)

_ Fastjet 2 (anti- k7 with R = 0.6)

_ Delphes 2.0 (detector simulation)
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OUR ANALYSIS

_  We aim at identify the stops signal as a bump in the my,est distribution

_ After studying the effect of a cut based analysis using all the different kinematic
variables defined by the CMS and ATLAS collaborations, we identify the following
kinematic variables as the most relevant to optimize S/B

Magp — M
0AR = |ARgpy — 1| + [ARcq — 1 o ab cd]
+ Mab 5 Med
* Mab Med ‘Anab| i |A7’]Cd‘
Mpest — 9 Anbest - ;
o PeatPoy _ Pro P ARu + AR,
COS 9 — p Cfn = — an ARbeSt - b + d
|pa _|_pb | |pc +pd 2

_ The relevant kinematic quantities crucially depend, especially for signal, on
smearing effects due to showering and detector

_ To get a reasonable estimate of the signal and background distributions in these
variables we made a full simulation chain

_ MadGraph5 @LO (CTEQ6L1)

Validated vs ATLAS analysis (4j)
1110.2693 with 30% level agreement
after all selections!

~ Pythia 8 (parton shower)
_ Fastjet 2 (anti- k7 with R = 0.6)
_ Delphes 2.0 (detector simulation)
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CUT OPTIMIZATION

For very boosted jets we have

PRLs 2
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CUT OPTIMIZATION

For very boosted jets we have
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CUT OPTIMIZATION

For very boosted jets we have We identify these selections to optimize S/B
m% ~ P1;, P13, AR?L?Q prj; > % ’77’ <238 ARjj = 0
Q( Sm < 0.075

ORI S AR — 1|

3

W
o

[
o

Events/binin 1 fb™!
w o
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CUT OPTIMIZATION

For very boosted jets we have We identify these selections to optimize S/B
m% X Pry, PTy, AR?le Dk % ’77’ < e ARjj =0T
4{ dm < 0.075 | cos6*| < 0.4

OAR = |ARyp — 1| + |ARg — 1

3

W
o

S

Events/binin 1 fb™!
w o

Mpest (GCV)
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CUT OPTIMIZATION

For very boosted jets we have We identify these selections to optimize S/B
m% X Pry, PTy, AR?le Dk % ’77’ < e ARjj =0T
Q( dm < 0.075 | cos6*| < 0.4
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CUT OPTIMIZATION

For very boosted jets we have We identify these selections to optimize S/B
m% = 170 ZaR AR?le prj > % ’77’ < 2.8 ARjj = 0Ly
4{ dm < 0.075 | cos6*| < 0.4
OIS AT S (AT ] | Afpest < 0.8
100

W
o

S

Events/binin 1 fb™!
w o

Riccardo Torre Light RPV stops hiding in the LHC data

16



CUT OPTIMIZATION

For very boosted jets we have We identify these selections to optimize S/B
m% = 170 ZaR AR?L?Q prj > % ’77’ < 2.8 ARjj = 0Ly
Q( dm < 0.075 | cos6*| < 0.4
OIS AT S (AT ] | Afpest < 0.8
100

The combined effect of the ARy
and Anpst Cuts is to move the
peak of the background
distribution toward smaller
values of Mmpest

W
o

[
o

Events/binin 1 fb™!
w o

Therefore using these angular
variables we can hope to see the
stop signal as a bump on a
smoothly falling background
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CUT EFFICIENCIES LHC@R8TEYV

m; = 100 GeV - AR pairing

tt (314 pb) QCD bbjj (8826 pb)* tt(135 pb)
Selection 6(1) € €i—i+1l 6(1) € €i—i+1l 6(1) € €i—i+l
n<28 0.81 0.81 - 0.82 0.82 - 0.88 0.88 -
pr > 50 GeV 0.16 0.16 0.19 0.15 0.15 0.18 0.38 0.38 0.43
AR > 0.7 0.78 0.15 0.95 0.79 0.14 0.96 0.85 0.36 0.94
b-tags = 2 0.44 0.064 0.44 0.44 0.062 0.44 0.44 0.15 0.44
dm < 0.075 0.13 0.010 0.16 0.11 0.0085 0.14 0.15 0.026 0.17
lcos6*| < 0.4 0.33 0.0047 0.46 0.19 0.0021 0.24 0.36 0.026 0.45
Anpest < 0.8 0.31 0.0030 0.64 0.23 0.00077 0.38 0.37 0.0069 0.60
ARpest < 1.5 0.25 0.0025 0.85 0.19 0.00063 0.82 0.31 0.0056 0.81
ARpest < 1 0.031 0.00080 0.32 0.030 0.00020 0.32 0.043 0.0016 0.28

“This QCD cross section is computed taking pr > 35 GeV, |n| < 3.5 and AR > 0.4 for the matrix element computation.

Riccardo Torre
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CUT EFFICIENCIES LHC@R8TEYV

m; = 100 GeV - AR pairing
tt (314 pb) QCD bbjj (8826 pb)* tt(135 pb)
Selection e ¢ €iritl et ¢ i e € €iait1
n<28 0.81 0.81 - 0.82 0.82 - 0.88 0.88 -
pr > 50 GeV 0.16 0.16 0.19 0.15 0.15 0.18 0.38 0.38 0.43
AR > 0.7 0.78 0.15 0.95 0.79 0.14 0.96 0.85 0.36 0.94
b-tags = 2 0.44 0.064 0.44 0.44 0.062 0.44 0.44 0.15 0.44
Om < 0.075 0.13 0.010 0.16 0.11 0.0085 0.14 0.15 0.026 0.17
|cos8*| < 0.4 0.33 0.0047 0.46 0.19 0.0021 0.24 0.36 0.026 0.45
Anpest < 0.8 0.31 0.0030 0.64 0.23 0.00077 0.38 0.37 0.0069 0.60
ARpest < 1.5 0.25 0.0025 0.85 0.19 0.00063 0.82 0.31 0.0056 0.81
ARpest <1 0.031 0.00080 0.32 0.030 0.00020 0.32 0.043 0.0016 0.28
“This QCD cross section is computed taking pr > 35 GeV, |n| < 3.5 and AR > 0.4 for the matrix element computation.
m; = 200 GeV - AR pairing
tt (9.1 pb) QCD bbjj (136 pb)® t£(135 pb)
Selection el € €isit1 et € € e € €iliiii
n <28 0.16 0.16 - 0.94 0.036 - 0.88 0.88 -
pr > 100 GeV 0.026 0.026 0.16 0.13 0.13 0.14 0.0031 0.31 0.035
AR > 0.7 0.15 0.035 0.95 0.88 0.12 0.93 0.85 0.027 0.87
b-tags = 2 0.44 0.011 0.44 0.44 0.52 0.44 0.44 0.012 0.44
om < 0.075 0.036 0.0031 0.29 0.12 0.0072 0.14 0.15 0.0015 0.13
lcos ™| < 0.4 0.096 0.0018 0.57 0.25 0.0021 0.29 0.36 0.00066 0.45
Anpest < 0.8 0.078 0.0013 0.73 0.29 0.00084 0.41 0.38 0.00044 0.66
ARpest < 1.5 0.075 0.0011 0.85 0.26 0.00071 0.84 0.31 0.00038 0.86
ARpest < 1 0.012 0.00031 0.29 0.046 0.00025 0.35 0.043 0.00019 0.49

®This QCD cross section is computed taking pr > 75 GeV, |'q| < 3.5 and AR > 0.4 for the matrix element computation.
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CUT EFFICIENCIES LHC@R8TEYV

m; = 100 GeV - AR pairing
tt (314 pb) QCD bbjj (8826 pb)* tt(135 pb)
Selection 6(1) € €iitl 6(1) € €i—i+1l 6(1) € €i—i+l
n<28 0.81 0.81 - 0.82 0.82 - 0.88 0.88 -
pr > 50 GeV 0.16 0.16 0.19 0.15 0.15 0.18 0.38 0.38 0.43
AR > 0.7 0.78 0.15 0.95 0.79 0.14 0.96 0.85 0.36 0.94
b-tags = 2 0.44 0.064 0. 0.44 0.44 0.15 0.44
dm < 0.075 0.13 0.010 0. (7 0.14 0.15 0.026 0.17
lcos 6*| < 0.4 0.33 0.0047 0. S / B~ 12 0 0.24 0.36 0.026 0.45
Afpest < 0.8 0.31 0.0030 0. 0.38 0.37 0.0069 0.60
ARpest < 1.5 0.25 0.0025 0.85 0.19 0.00063 0.82 0.31 0.0056 0.81
ARpest < 1 0.031 0.00080 0.32 0.030 0.00020 0.32 0.043 0.0016 0.28
- *This QCD cross section is computed taking py > 35 GeV, |n| < 3.5 and AR > 0.4 for the matrix element computation.
m; = 200 GeV - AR pairing
tt (9.1 pb) QCD bbjj (136 pb)® t£(135 pb)
Selection et) € €isit1 e € € e € €iritl
n <28 0.16 0.16 - 0.94 0.036 - 0.88 0.88 -
pr > 100 GeV 0.026 0.026 0.16 0.13 0.13 0.14 0.0031 0.31 0.035
AR > 0.7 0.15 0.035 0.95 0.88 0.12 0.93 0.85 0.027 0.87
b-tags = 2 0.44 0.011 0. 0.44 0.44 0.012 0.44
ém < 0.075 0.036 0.0031 0. (7 0.14 0.15 0.0015 0.13
Y
lcos ™| < 0.4 0.096 0.0018 0. S / B 7 0 0.29 0.36 0.00066 0.45
Anpest < 0.8 0.078 0.0013 0. 0.41 0.38 0.00044 0.66
ARpest < 1.5 0.075 0.0011 0.85 0.26 0.00071 0.84 0.31 0.00038 0.86
ARpest < 1 0.012 0.00031 0.29 0.046 0.00025 0.35 0.043 0.00019 0.49

®This QCD cross section is computed taking pr > 75 GeV, |7;| < 3.5 and AR > 0.4 for the matrix element computation.
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RESULTS: 100 GEV STOPS
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RESULTS: 200 GEV STOPS

_— Several bins with large S/B
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RESULTS: 200 GEV STOPS
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95% CL Limit o x BR [pb]
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HOW ROBUST IS OUR PREDICTION?

~ One may argue that the signal can
hardly been extracted from the BG

for our S/B

~ We can simply check the S/B

7
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~ With S/B~0.5 they can exclude the
sgluon CS by a factor of 4/5
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~ With S/B~0.5 they can exclude the
sgluon CS by a factor of 4/5

They are sensitive to S/B~0.1
with an analysis very similar
to ours!
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CONCLUSION

_ If we take Naturalness as a driving principle, then a new “LHC paradox” adds up to
the “LEP paradox” to require non-minimal models

~ Insisting on Naturalness and Supersymmetry and in the attempt of building an
effective SUSY model, R-parity is probably not enough to guarantee proton stability
and looking for RPV physics can be motivated (in effective SUSY models)

~ RPV SUSY is characterized by the absence of large MET and its phenomenology is
strikingly different from the RPC one

~ We studied the pair production of stops in the Natural region (where the stop mass is
very close to the top-quark one) assuming large BR into heavy flavor final states
(motivated by RPV model building)

~ We pointed out the importance of using online b-tagging to keep low pT thresholds
in the trigger for multi-jet final states in order to cover all the region down to the
present bound on RPV stops

- Using b-tagging and suitable angular selections we concluded that light RPV stops
can be discovered even with the data already collected in the first run of the LHC
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