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Post-Higgs discovery era

ATLAS SUSY Searches* - 95% CL Lower Limits
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Agenda

Flavor mixing:

Generation mixing (squark) in MSSM w/o adding new fields/complexity

- Direct search: Production and Decay changes significantly, limits reduces! %‘

- Additional sources of FV, large contributions to various FCNC process,

constraints from low energy physics data.

In tension!
But, certain mixing (RR-type) bounds are weak too!

Goal:

1. Can we constrain these RR-type couplings with
updated
LHC data?
2 Sensitivitv of 300 ifb or sav HL-LHC ?




Outline

- Flavor violation: SM and Beyond

- A Bottom-up approach (i.e., Simplified Model)

- Phenomenology, LHC sensitivity (high lumi)



Flavor in SM

} ) Yukawa interaction: only source of FV in the SM
3
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} Quark flavour violating (i.e. charged current) interactions...
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Flavor in MSSM

e Same flavor structure as in SM New sources of FV appears
e Super-CKM basis: squarks e Mostly from Soft-SUSY breaking
| UDdEFgO same rotation as quarks terms (e.g.: gravity mediation, gauge mediation

with messenger mixing, ...) [Porod et. al.,
» All FV effects are proportional to . . .
" CKM elements ~* No direct relation with CKM

i : : e Generation mixing at EW scale
Minimal Flavor Violation gat EW

~+ Independent parameters
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[Gabbini, Masiero (1989); Gabbiani, Gabrieli, Masiero, Silvestrini (1996); Ciuchino, Degrassi, Gambino, Giudice (1998), Lari, Pape,
Porod et al. (2008), Fuks et al (2012), ...]
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 Potential effects to low energy

processes; K, B, D-physics, Meson 0.4
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naxing, ... <
Prec_ise measurements; strong 5(6 | th, exp) -
Constralnts 08 —68%BCR  =—95% BCR
 Higgs data also puts limits on LR-type 0.6
mixing 0.4
 Production and Decay of SUSY 0.2
particles, change significantly =& 0
Relatively weaker bounds at LHC 0.2
« The RR-sector (un-tvpe) with the mixina 0.4
Focus: 0.6
Impact of Stop search and also scharm 0.8 60402 0 020406 08

search on 5,
DRI ¥+ mivina naramatrar Fuks et. al. JHEP (2015)



Simplified Model

Model: SM + right-handed stop + right-handed scharm + Gluino + Neutralino (bino)

Squarks are admixtures of different flavors
-+ Simplified model: right stop-scharm mixing
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Branching ratios

Recast of LHC 13 TeV data

Recast of arXivi1711.11520 using 1-bin SRs
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« Scharm search: ~ 500 GeV @ 8 TeV
« Stop search: 1-lepton, jets + MET search at 13 TeV
* Translate to 3-parameter plane: m(ul), m(u2) and 0 (tc).

« Recast: compare signal yields with Model independent
limits on non-SM contributions from the observed data.
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Monte-Carlo set-up »,
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« Signal: LO using MG5, passed to PY8 and then :
Delphes; normalized using NLO+NLL xsec Mq
« Bkg: ttbar, signal top @NLO, ttbarZ, ttbarWw, sagams aODoe, QEDuo

W+ jets, Z+jets @LO; PY8 + Delphes; normalized with
NNLO/NLO xsecs

« Squark pair-production: m(ul) =[600,1400] GeV,
m(chi) = 50 GeV, mixing angle fixed at 6(tc) = pi/4.

« Jets: Fastjet with R=0.4, anti-kT, ATLAS card.
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Event selection

Aim : top + charm + MET topology
Exactly one lepton with pT>25 GeV, |n|<2.5.
Exactly one b-tagged jet with pT>30 GeV,; Veto

additional b-jets (g, = 77%).

At least one light jet with pT>100 GeV (jet failing b-

tagging criteria).
m-(lep,MET) > 90
& MET > 80 GeV.

s )
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 Further,

m(lep,b-jet) < 160 GeV

0.06
0.04

m-(lep,MET) > 160 GeV °=

ok
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Event selection - |l

|Ae@_. | > 0.6, between MET and

jets.

o AR(Iep, -jEt) <1. M” (b7 BT Pr) ?T11;i2ﬂ% {IHHK{MT@I' Br). Mr (BY ﬁl }

« Asym MT2: aMT2 > 200 GeV (reduce di-lep ttbar)
(V1 = lepton, b-jet; V2 = leading non-btagged jet or c-jet or light-jet; MET system = (0,80 GeV)
 Vary MT2(lep,b-jet,light-jet) for optimization: Squark mass dependent end-point

Normalized to unity
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Note: No charm tagging used, use of b-veto helps better for estimating exclusion limits.




Reach @ 14 TeV

M, ﬂ?xil] mp,,. cut N Ny 7 lffTH”L;r Likelihood
(GeV) (GeV)  {GeV Analysis;
600 50 100 | 1249 630 023 Upper
700 50 450 556 31.5 0.30 50 |  Limit on the
800 50 500 258 153 0.41 2?;:‘; Io;ields
900 50 500 17.0 153 0.63 to
1000 50 \ 550 | 83 76 0.89 20| the same for
1100 50 oy 40 44 1.41 Srplified
model

~ Mass ~ 1 TeV can be probed at LHC-14 at 300 ifb, ~1.3 TeV
at 3000 ifb.

« Increased sensitivity with significant mixing in the stop-
scharm sector

- How to know the “mixed stop” is originating from t-c
mixing or t-u mixing"

- Charm tagging is important; Amount of c:iets.in, 5
sighal events can be estimated by changing the
b-tagging working point!
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