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- | will interpret specifically for the well-motivated
model : I'll use (mini-)split SUSY.
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What my talk is about

- Can a 100TeV say definitive about mini-split SUSY?
Or, what do we eventually need for that?

- SUSY @ 100TeV vs. old 100GeV-ish SUSY
. a few qualitative differences and approaches

- What can be newly studied/measured.



Overview

+ Gluino pair
- Stops (briefly)

- NLSP EWino multilepton

- Displaced decay
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- EWinos are light, gluinos and sfermions are heavy.
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Split spectrum

- EWiIinos are light, gluinos and sfermions are heavy.
- Half of universe is generically split SUSY like.
- Pheno attractive. (unification, DM, flavor, CP, LHC, mh)

- Important mass scales: ~1 TeV Higgsino DM, ~3TeV
Wino DM.

-+ Gaugino code: mass ratios are fundamental
observables and crucial variables for discovery.



Gaugino code

+ Gaugino code (= gaugino mass ratio) is another
important generic measure of the split spectrum.

-+ Gauginos are least model-dependent fields
encoding SUSY breaking mediation info.

mSUGRA pattern : M, Z‘_a A K.Choi, H.Nilles
70
ba g
AMSB pattern : M, x ms /o
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mirage pattern : M, o< — | b, + — ms/o
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Guino reach
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- 11 TeV gluinos are discoverable, 14 TeV are excludable.

- As long as m(gluino)/m(LSP) > 2.5~3, m(gluino) is only
relevant. S}, J.D.Wells



Scaling rule
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- Such high Meft is insensitive to m(gluino).
- Stat. sig. scales simply with PDF and luminosity.



Collider Reach (beta) tool

The Collider Reach tool gives you a quick (and dirty) estimate of the relation between the mass reaches of different proton-
proton collider setups.

Collider 1: CoM energy 14 TeV, integrated luminosity 300 b’
Collider 2: CoM energy 100 TeV, integrated luminosity 46 fb! httD-//COI I Ider_ reach Web cern Ch
PDF: MSTW2008nnlo68cl 5 ¥

Sabmi by G.Salam and A.Weiler
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http://collider-reach.web.cern.ch

1- vs. 2-step gluino decays

— bkgd
—— |—step
— 2-step
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M| GeV ] M ;[GeV] S, ).D.Wells
1312.1802

- Single Meff analysis works for all.

Hadronic decay is still #1: |
- 70%(1-step), 30%(2-step) - It's both pros and cons.
- As a whole, 85%(full had)



200
150 -

100

pp collision energy Vs (TeV)

50

Wino LSP (AMSB)

M(wino) (TeV)
0.5 1 1.5 2 2.5

1fb!
10

100
1000

10000

..........................

S), J.D.Wells
1312.1802

M(gluino) (TeV)

- m(gluino) / m(Wino) ~ 7
(largest hierarchy
among Gaugino code)



Wino LSP (AMSB)

M(wino) (TeV)
wor o222 3L -m(gluino) / m(Wino) ~ 7
| (largest hierarchy
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General interpretfation

T - Reach in the (gaug)ino
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General interpretfation
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M(gluino)/M(LSP)

Useful presentation
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This is a useful way

to present SUSY search
results.




Resumming the split hierarchy

o~ - |arge logs inevitable.
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Resumming the split hierarchy

o~ - |large logs inevitable.
E N\ LHC100
=
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Guino decays to tops

- If not top tagging, the same Meff analysis applies!



Guino decays to tops

- If not top tagging, the same Meff analysis applies!

- Of course, top tagging could help.
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EWino reach (multilepton)

- Multileptons are generic and representative signatures.



EWino reach (multilepton)

- Multileptons are generic and representative signatures.

- Dibosons WZ, Wh, WW, ZZ, Zh, hh lead to multileptons.



EWino reach (multilepton)
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= Are our Searches too much

Y>Pinfluenced by Simplified Models?

We have searched for WW, WZ, Wh, Zh, ZZ, and hh plus MET.
When we do so, we search for one final state at a time.

Are we prepare for something like this:

DECAY 1000037 5.33993931E+00 # charginoZ+ decays

i BR NDA ID1 1D2
2.58630618E-01 2 1000024 23  # BR(~chi_2+ -> ~chi_1+ Z ) 26% X+toZ X+
2.49797977E-01 2 1000022 24 # BR(~chi_Z2+ -> ~ch1_10 W+) 0
2.59870362E-01 2 1000023 24 # BR(~chi_2+ -> ~ch1_20 W+) 50% X+ to W X0
2.31701044E-01 2 1000024 25 # BR(~chi_2+ -> ~chi_1+ h ) 23% X+ to h X+

DECAY 1000025 5.33171141E+00 # neutralino3 decays
z BR NDA ID1 1D2

3.88604156E-02 2 1000022 23 # BR(~chi_30 -> ~chi_10 Z) ogo
2.11792763E-01 2 1000023 23 # BR(-chi_30 - ~chizo z ) 207 X0t0ZXO0
2.68240565E-01 2 1000024 24  # BR(~chi_30 -> ~chi_1+ W-) ..
2.68240565E-01 2 -1000024 24 # BR(~chi_30 -> ~chi_1- ws) 93% XOto W X+
1.80468356E-01 2 1000022 25 # BR(~chi_30 -> ~chi_10 h) nao
3.23973361€-02 2 1000023 25 # BR(~chi_30 -> ~chi.2o h) 217 X0toh X0

Di-boson + MET present at large rate, but none dominates.

8/3/14 US-ATLAS Physics Workshop 51
2014

The slide from ATLAS speaker Frank Wurthwein’s talk
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Higgsinos are special

Always,
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Higgsinos are special

Always,
BR(N2 -> N1 2)
= BR(N2 -> N1 h)

- If Higgsinos are
LSPs or NLSPs,
parameter dependences
essentially vanish!
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Decay to Z vs. h
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Decay to Z vs. h
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Goldstone Eq Thm applies

SJ, 1404.2691
2 ] T, = m2/m2
g m,o 1/9 J 7 ()
Fx?—)XOZ i \Y/ Lri,r
( i2) 16mcs;, (1,75,72)
nL |2 (1 o Tj)z 110N 2
L |OH? (2 + (1415 = 2r2) ) + 6Re[(O4)) 5
2ym)
0 0 1L |2 J
C(xi — X;Z) N |DGij (1— 2\/7“3)
0 0 o 1L |2 .
['(x; — th) |th’j (1+ 2\/7"3')
F(X? — X?h) : P ———T ] I ———p—— ——'J[(D;L[;])z]\/r_.?)
2m 0
~ SN D (14 27)

- GET applies(is derived) explicitly at tree-level.



Indistinguishable Higgsinos

- Higgsinos have two nearly degenerate,
indistinguishable neutralinos.

r7 r7 N3 N,3
0 1 0 0 1 o
X =~ = (H . - Hu) —
Hi 2 V2 d NH14 NH24
COG = xm,2) =~ TOG = Xa,h)s S|, 1404.2691
See also
L(x? = x% k) ~ T(x? = x%,Z),  THan,SPadhiSsu.

1309.5966



Indistinguishable Higgsinos

- Higgsinos have two nearly degenerate,
indistinguishable neutralinos.

T7 7 N3 Np,3
0 1 0 0 1 o
X = = (H i Hu) —
e V3 ‘ N, 4 NH,4
LOG = xmZ) = TOG = Xa,h), S|, 1404.269 |
See also
P(X? — X(}Ilh) ~ F(X? — X(I){QZ)a T.HaTég.;’ascgzéS.Su,

-+ Adding all, what we observe is the same # of h and Z.

F(x; = xmZ) +T06G = xw2) ~T0q = xuh) + TG — xXu,h).



Back to Higgsino LSP...
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not optimal for Wino LSP

my sp|GeV]
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3.1 TeV Wino LSP is
way up here.

- EWino NLSP pair
IS not optimal for
Wino LSP



Summary of NLSP searches

2500 : =
Wmo—nggsmo e 3L
20001 L£=3000/fb = —---- OSDL
— : SSDL
>
L
O,
7
-
S

900 1000 1500 2000 2500 3000 3500 4000

mnisplGeV]

2500

- Higgsino— —Bino _ 3L

20000 £=3000/fb —eee- OSDL

> 50 SSDL

> |
o 1500+
8 "
% 1000

S
S.Gori. 30(1 Jr(\()k()a}%(’)? 2009.300 3000 3500 4000

2500
nggsmo Wmo —— 3L
2000 L£=3000/fb = =e--- OSDL :
= 15001 |
O, .
o W
2 1000}
S ,
soof/\
\\

00 1000 1500 2000 2500 3000 3500 4000
mNLsp[GCV]

- Wino- Ban CaseS
20001 L=3000/fb




Lepton collimation
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N.Arkani-Hamed, et. al.

Inverse Problem

07—

‘ Wino NLSP 0.10 / -\ 0.10;
0.06 ; Higgsino NLSP- 008! : 0.08'
b \ 4 } \ 4 :
: / S 006! S 006!
-’ , \ - VO 1 = YVOr
< 0.04 I,/ ', . < [ \ 1 < 1 |
0.02 i | : )
[ \ < 0.02 / \ : 002/ /
& | / ~ | ;
) 11| S S S P S ) 0.00 b T r——— 0005
0 100 200 300 400 500 600 0 100 200 300 400 600 0
MET(GeV) pr(W)(GeV)

SJ, 1404.269 |

pr(Z)(GeV)

Model

parameters (M, Mo, p,t3)

oc(W*2) | 0(Z2)

Wino-NLSP

0.5TeV,1.0TeV,—-2.0TeV, 4.3

1.1 b

Higgsino-NLSP

0.2TeV,2.0TeV,0.8 TeV, 2.0

1.1 tb




Inverse Problem

SJ, 1404.269 |

0.08 010; | 010!
0.06i :ivss ;Z?ISP; 0.0S% \ o.osi
> 0.04! ) > 0.065 " > 006 \'--\_ |
-/ \ 0.04| \ | 0.04; / \\-\
0.02% / \ 002 / h 0.02; /
O 00 a0 Y R0 w0 i3 R R0 see
MET(GeV) pr(W)(GeV) pr(Z)(GeV)
Model parameters (M, My, p1,t3) oc(WtW™) | c(W*2Z) | 0(Z22)
Wino-NLSP | 0.5TeV,1.0TeV,—-2.0TeV, 4.3 0.60 fb 1.1 b 0 tb

Higgsino-NLSP | 0.2TeV,2.0TeV, 0.8 TeV, 2.0 0.61 fb 1.1fb | 0.02 b

- h/Z = 1.03 (second case) while h/Z = 5.35 (first case)



Collider bounds on axion sector
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See also Patrick’s 0910.4160,
_ 1006.4575 for more search suggestions
AXINoSs and displaced decays to graviton LSP



Collider bounds on axion sector
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See also Patrick’s 0910.4160,
1006.4575 for more search suggestions

AXINoS and displaced decays to graviton LSP

- Nice SUSY benchmark for displaced decays. (gravitino too)



Suggestion Summary

- Search results can be usefully presented in the
(gaug)ino mass ratio.

- 200TeV collision energy can be kept in mind.

- Higgsinos are simplified. Alternative simplified
model with BR=0.57

- SUSY benchmarks of displaced decays shall be
carefully searched for.



Conclusion

+ Gluino pairs @ 100TeV does not definitely cover
Wino, Higgsino DM.

-+ 1TeV Higgsino LSP can perhaps be excludable (but
not discoverable) via multilepton NLSP.

- QGoldstone Eq Thm is generically applies and
various hidden relations are revealed.

- Resummation or better effective theory calculation
need to be accompanied in the (gaug)ino sector.



