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What we learned from LHC run1?
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Heavy Scalars?

|Giudice, Strumia "11]
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e The 126 GeV Higgs indicates heavy scalars
with masses around a few TeV - 100 PeV.

e Consistent with null results in measurements

of FCNIs and EDMSs.
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Heavy Scalars?
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Light gauginos and higgsinos?
e | ight gauginos and higgsinos are consistent with 126 GeV Higgs.

e | ight gauginos and higgsinos with heavy scalars can achieve
gauge coupling unification. [Arkani-Hamed, Dimopoulos *04]

e The gauginos and higgsinos masses are often suppressed.
(forbidden by R-symmetry and U(1)pq)
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Light gauginos and higgsinos?
e | ight gauginos and higgsinos are consistent with 126 GeV Higgs.

e | ight gauginos and higgsinos with heavy scalars can achieve
gauge coupling unification. [Arkani-Hamed, Dimopoulos *04]

e The gauginos and higgsinos masses are often suppressed.
(forbidden by R-symmetry and U(1)pq)
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Light gauginos and higgsinos?
e | ight gauginos and higgsinos are consistent with 126 GeV Higgs.

e | ight gauginos and higgsinos with heavy scalars can achieve
gauge coupling unification. [Arkani-Hamed, Dimopoulos *04]

e The gauginos and higgsinos masses are often suppressed.
(forbidden by R-symmetry and U(1)pq)
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Upper bound on the EWkino masses

e Heavy EWKinos tend to over produce the DM

e Assuming the MSSM and the standard thermal history of Universe,
the LSP has to be lighter than 1-3 TeV. = 100 TeV collider
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Production Cross Section
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c(WEW) > c(WTW ™) > o(HEH®) > o(HTW ™) = o(HYHY)

Other production modes and Bino production modes are negligible.



Production Cross Section
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Decay Modes

e How does Winos decay to Higgsinos?
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Decay Modes

mMass e How does Winos decay to Higgsinos?
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Decay MOd es Acharya, Bozek,
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Golden Channel

HE/H® — HY + Xoof

not reconstructed
* This introduces the degeneracy of the processes.

(e.9.) Wrw—— (W+ﬁ?/2)(Zﬁ_) )
WHWo — (WHHY ) (ZHY ) W Z 4+ EP'™ 4 Xeop
—~ (ZHHYWTH™)




Golden Channel

HE/H® — HY + Xoof

not reconstructed
* This introduces the degeneracy of the processes.

(e.9.) Wrw—— (W+ﬁ?/2)(Zﬁ_) )
WHWo — (WHHY ) (ZHY ) W Z 4+ EP'™ 4 Xeop
—~ (ZHHYWTH™)

mode rate
WO, W — (WEZD +H + Xeore (1A
WTW™ +Fr + Xeott 1/4
WEh  +Br + Xeote | 1/4

Zh _l_ET + Xsoft 1/8
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3 lepton channel

W:I:W07 W_I_W_ — W+Z ‘|‘ET + Xsoft — (KV)(E;FEZ_) + ET + Xsoft

3 leptons, WZ mode

;‘ 4.5_- T oY
[b) ~ bl
= gF
=. -
3.5F
3
o 5F -
: , O signal events
2F- 10 @ 3ab-

M, [TeV]



Simulation

Signal
SUSY-HIT — spectrum

l
MadGraph5— generator level

l

BRIDGE — decay
1

Pythia6 —  hadronisation
1

Delphes 3 —detector simulation

Background
e SNOWMASS background samples
[1308.1636],

e Prepared and validated by
SNOWMASS community,

e Should be rubust up to £ = 3ab™ 1,

§:>- Detector level sample.
same *

detector card

Background cross-section

Process c [pb]
\AY 3.0x106
ttV 2.2x10°
tV 2.7x10°

VVV 3.6x104

BG total 6.0x10°




Preselection

e exactly three isolated leptons with pr > 10 GeV and |n| < 2.5

e a same-flavour opposite-sign (SFOS) lepton pair with ]m?eF OS5 _myz| < 10 GeV
e no b-tagged jet
Background Cross-Section in [pb]
Process No cut | = 3 lepton |m§£FOS —mygz| < 10 | no-b jet
VV 3025348 2487 2338 2176
ttV 220161 792 592 318
tV 2764638 68.9 6.07 4.12
VVV 36276 76.1 56.2 56.2
BG total 6046422 3424 2952 2554
(Ma, 1) = (800,200) | 1.640 0.588 0.565 0.534
(My, 1) = (1200,200) | 0.397 0.124 0.119 0.111
(Ma, 1) = (1800,200) | 0.0863 | 0.0190 0.0179 0.0170




Signal Regions

Signal Region | 3 lepton pr [GeV] | EFS [GeV] | mr [GeV]

Loose > 100, 50, 10 > 150 > 150
Medium > 250, 150, 50 > 350 > 300
Tight > 400, 200, 75 > 800 > 1100

...... BG (VV), p_(lep)
BG (ttV), pT(Iep1)

...... Signal (1.4, 0.2) TeV, P (lep1)
............ BG (VV), pT(Iep2)
BG (itV), pT(Iep2)

2 R Signal (1.4, 0.2) TeV, P (lep2)
L BG (VV), p_(lep3)
-.‘_’ BG (tV), p_ (lep3)

] L . Signal (1.4, 0.2) TeV, p_(lep3)

o [fb/30 GeV]

': IJH|||||||||I'-|||§| C M |‘|||| |=
0 200 400 600 800 1000 1200 F‘)I4OO

T, leptons



o [fb/30 GeV]

Signal Regions

Signal Region | 3 lepton pr [GeV] | B |GeV] | mr [GeV]
Loose > 100, 50, 10 > 150 > 150
Medium > 250, 150, 50 > 350 > 300
Tight > 400, 200, 75 > 300 > 1100
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o [fb/30 GeV]

Signal Regions

Signal Region | 3 lepton pr [GeV] | EISS [GeV]
Loose > 100, 50, 10 > 150
Medium > 250, 150, 50 > 350
Tight > 400, 200, 75 > 800
(My, 1) = (1.2,0.2) TeV
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Wino can be discovered (excluded) up to 1.1 (1.8) TeV @ 3ab-!
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Discussion

Gori, Jung, Wang, Wells ‘14
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 The authors of ‘1410.6287’ found much better reach (2.1 (3.2) TeV for
discovery (exclusion)).

One main difference is they use particle-level analysis and allow the
lepton separation of AR > 0.05.



Delphes lepton isolation

The lepton isolation parameter: pr(i) > p%m [Showmass card]
AR<R, pr(i)>p2in | AE
1 min
I(¢) = % " Al N
- pr(f) | I(¢) <0.1

Isolation criteria

N

W (O(1) TeV)
A

boosted

— g> collimated

~

H (O(0.1) TeV)

The lepton reco-efticiency can be signiticantly degraded.



Delphes lepton isolation

The lepton isolation parameter: pr(i) > p?n [Showmass card]
AR<R, pr(i>pp™ AE 10.3 3§
1 min —
o~ gﬁ% pr(i) AR P 0.5 GeV
pr(f) | I(¢) < 0.1

Isolation criteria

o [fb/0.05]

after preselection and MET>0.5TeV, mT>0.2TeV
10° LI B [u— BG (WZ+itZ) To3E 1o | =L I B — BG (WZ+ttZ)
10° —— Signal (0.8,02) TeV | 2 — Signal (0.8, 0.2) TeV
------ Signal (1.2, 0.2) TeV é ------ Signal (1.2, 0.2) TeV
100 L Signal (1.8, 0.2) TeV E‘ 1= e Signal (1.8, 0.2) TeV




Acceptance Map
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* The lepton separation is a limiting factor for the 3-lepton analysis.

* A better mass reach can be obtained if a smaller lepton separation
can be achieved at a 100 TeV collider.



Summary

e | ight EWkinos are well motivated: GCU, DM, ...

e A 100 TeV collider is important to constrain (discover)
the EWKIno sector.

e |f scalars are decoupled (and Higgsinos are light), the
heavier EWkinos decay universally to W, Zand h, which
can be understood by Goldstone equivalence theorem.

e A simple 3-lepton analysis shows the Wino mass reach
is 1.1 (1.8) TeV for discovery (exclusion).

e A good lepton separation is iImportant to constrain the
EWkinos using the 3-lepton channel.
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Normalised Events
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Process No cut | = 3 lepton mz| < 10 | no-b jet > (100,50,10) | EX5 > 150 | mp > 150
VV 3025348 2487 2176 647 106 5.1
ttV 220161 792 318 176 41.2 6.6
tV 2764638 68.9 4.12 0.665 0.391 0.0793
VVV 36276 76.1 56.2 23.4 6.0 1.06
BG total 6046422 3424 2554 847 153 12.8
(Ma, ) = (800,200) | 1.640 | 0.588 0.534 0.506 0.465 0.381
(Ma, 1) = (1200,200) | 0.397 | 0.124 0.111 0.109 0.103 0.090
(Ma, 1) = (1800, 200) | 0.0863 0.0190 0.0170 0.0168 0.0164 0.0150




Gori, Jung, Wang, Wells ‘14

Signal
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