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M/s  

Tevatron (2 TeV) ~400 GeV 0.20 

LHC (8 TeV) ~1.7 TeV 0.21 

LHC (14 TeV) ~2.8 TeV* 0.20* 

FCC (100 TeV) ~20 TeV* 0.20* 

 Understanding the limitations 
at the LHC14 will be an 
important step for FCC100pp 

 Present results and/or 
prospects on selected topics 
from SUSY Searches via VBF 
dijet and ISR jet tagging 

 Summary  

 A 100-TeV collider is 
powerful in producing 
heavy objects. 
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(*) just use a naïve scaling 



270 km x $3000/m = $810M 

http://arxiv.org/abs/1402.5973 

100-300 TeV pp Collider 
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SUSY + Another Higgs Wanted 
 MSSM Higgs (e.g., A H and H+H-), Non-MSSM Higgs  

 Gluinos 

 Heavier(?) 1st/2nd generation scalar quarks (squaks) 

 Lighter(?) 3rd generation squarks (stop, sbottom) 

 Charginos (C1, C2), Neutralinos (N1, N2, N3, N4), decaying 
into: 
 Leptons 
 Higgs 
 W, Z 

 LSP? 
 Lightest Neutralino (N1): Bino-like, Wino-like, Higgsino-like, 

Bino-Higgsino-like .. 
 [Example] Higgsino LSP  chargino and neutralinos below 200 GeV, 

with mass splittings of order 10 GeV. It is very difficult for LHC to 
observe these particles.  

 Gravitino 
 Sleptons 

 Selectrons and smuons are mass degenerate. 
 Special case: Stau is lighter. 

 RPV 

 Dark matter connection 
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Questions 
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 What do we do with (i) heavy 1st/2nd generation squarks and/or gluino, 
and (ii) small DM (mass difference between NLSP and LSP)? 

 How can we probe SUSY sectors? 
1) Tagging energetic jets (+ MET) from cascade decays 
2) Tagging leptons 
3) Tagging photons 
4) Tagging with timing, vetexing 
5) ISR jet, VBF dijet 

 Let me focus on ISR and VBF 

ISR jet tagging VBF-like dijet tagging 

VBF/ISR at FCC 
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“VBF” Cross Sections 
Tathagata Ghosh PRL 111 (2013) 061801 

VBF/ISR at FCC 

100 TeV 14 TeV 8 TeV 
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ISR Invisible vs. VBF Invisible 

 Veto events with an identified 
electron, or muon with pT > 10 GeV. 

 VBF tag jet pair, pT,j1, pT,j2 > 50 GeV,       
|η| < 4.7, ηj1*ηj2 < 0, ∆ηjj > 4.2, and Mjj 

> 1100 GeV 
 MET > 130 GeV 
 Df(j1,j2) < 1.0 
 Central jet veto (event that has an 

additional jet with pT > 30 GeV and 
pseudorapidity between those of the 
two tag jets) 

 One energetic jet, pT > 110 GeV, |h| < 
2.4, and allow an additional jet (pT > 
30 GeV) 

 MET > 250 GeV  500 GeV 
 Veto event if j3 pT > 30 GeV Veto 

event if Df(j1,j2) > 2.5  
 Veto event if they contain isolated 

electrons or muons with  pT  > 10 GeV; 
or hadronic tau with > 20 GeV 

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

csResultsEXO12048 

In case of CMS …  
arXiv:1408.3583, CMS-EXO-12-048, 
CERN-PH-EP-2014-164 

arXiv:1404.1344, CMS-HIG-13-030, 
CERN-PH-EP-2014-051, EPJC 74 (2014) 
2980. 

VBF/ISR at FCC 
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VBF Invisible vs. ISR Jet Invisible 

CMS Preliminary 
Lepton ID 
Better with 
low pT, large h 

VBF/ISR at FCC 



PLB 495 (2000) 147 
arXiv:0009158 

W+jets 
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VBF Invisible – Df(jj) 
Auxiliary plot using PGS4 using the 
cuts in PRL 111 (2013) 061801 
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“Lost-lepton” is a dominant BG source in many SUSY searches. The veto 
efficiency increases with forward detector (tracker/muon/calorimeter) 

Forward Detector Challenge 

The VBF SUSY was one of representative CMS 
SUSY projections for the ECFA (European 
Committee for Future Accelerator) workshop in 
2013 [CMS PAS FTR-13-014 “Study of the Discovery 
Reach in Searches for Supersymmetry at CMS with 
3000 fb-1”] 
 
One of key conclusions was “… the possible gain from 
extending the tracker up to a pseudo-rapidity of 
four is studied for vector boson fusion processes.”  

Pile-ups: Ultra-fast timing on forward calorimeter to reject out-of-time jets? 

CMS PAS FTR-13-014 

VBF/ISR at FCC 



“DM” Production via VBF 

XMETjj 

 The final state is same as 
invisible Higgs signal, but, larger 
pT jets 

 Cross sections? 
 Wino-like DM 
 Higgsino-like DM 
 Bino-Higgsino DM 

 Feasibility? 
 ~50 GeV Wino-DM at 8 TeV  
 ?? GeV Wino-DM at 14 TeV 
 ?? GeV Wino-DM at 100 TeV 

 More? 
 Example, disappearing tracks (DTs)? 
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Wino DM with ISR, VBF and DT 
Marco Cirelli, Filippo Sala, Marco Taoso, “Wino-like Minimal Dark Matter and future colliders”, JHEP 10 (2014) 033, Erratum-ibid. 

01 (2015) 041 [arXiv:1407.7058v2] 

VBF/ISR at FCC 

! 

ISR Jet VBF Dijet 

DTs 
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Light Higgsinos in MonoJet 
Detecting light Higgsinos in ISR jet tagging (Monojet events)”. See 
arXiv:1310.4274(*), for example. See also the next page. We see a reach 
at ~200 GeV at 14 TeV  100 TeV? 

(*) Chengcheng Han, Archil Kobakhidze, Ning Liu, Aldo Saavedra, Lei Wu and Jin Min Yang, “Probing 

light higgsinos in natural SUSY from monojet signals at the LHC,” JHEP 02 (2014) 049 

[arXiv:1310.4274] 

VBF/ISR at FCC 



More on Higgsinos with ISR Jet 
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HW: with VBF? 



Top Squark Decay Modes 
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Top Squark Results at 8 TeV 

1 2 
3 4 

mtop mW 
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ICHEP 2014 

DM=30 
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MET in Compressed Top Squark 8 TeV 

1 2 
3 4 

mtop mW 
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1 2 
ICHEP 2014 

CMS-SUS-13-009 PAS 
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(700, 520) 

5s 

(400, 220) 

Challenging Compressed Stop at 14 TeV 

1 2 3 4 

(250, 240) 

DM = +7 

(300, 134) 

DM = 7 

DM = +7 

(300, 120) 

20 
(250, 25) (175, 1) 

(1312.1348) 

VBF/ISR at FCC 
(1403.2726) Dfjj 



VBF as Tool for Compressed SUSY 

VBF production topology 
in transverse plane 

VBF tagged jets (2 energetic jets with 
large Dh separation: large M(jj)) in 
forward region, opposite hemispheres) 
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PRD 90 (2014) 095022  
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VBF+stop – 200-250 GeV at 2s at 14 TeV 
 Better at 100 TeV? 
 ISR+stop?? 



100 TeV collider, powerful, “VBF” luminosity, 
stronger. 

Physics menu with VBF dijet and ISR jet tagging: 
Invisible, Higgsino, Wino, Stop, Sbottom(*), 
Slepton(*) 

But, the forward detector system (tracking, 
calorimeter, muon) must be good – lepton veto, 
vertexing for forward jets. 

Ultra-fast timing on VF calorimeter for trigger? 

Central tracking, calorimeter, muon – lepton ID 
from 3-5 GeV?? 

Summary 
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(*) I didn’t cover today. 


