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What my talk is about

1. Future collider prospects
2. Future SUSY, new features

3. Future standard searches of SUSY
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1. Future collider

- Standard search prospects of a 100 TeV pp collider
- Is it good enough?

How “well” can we do?
How well do we “need” to do?

- Is it simply a scaled-up version of previous studies?

- | will address them in the Future SUSY framework

focusing on the Wino/Higgsino thermal DM.
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My talk is also about

1. Future collider prospects
2. Future SUSY, new features

3. Future standard searches of SUSY
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2. Future SUSY

- We focus on lightest superparticles: gauginos and
higgsinos of a few 100-1000 GeV.

- A half of universe generically have lightest inos.

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

- In general, gauginos and higgsinos are likely well-
separated in mass and highly pure states... =>
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Generic new features

- Pure gauginos and higgsinos.
=> Dirac Higgsino vs. Majorana gaugino. Gaugino code
becomes a primary observable.

- Well-separated in mass.
=> Decays between them governed by Goldstone
Equivalence Theorem (GET). New simplifying relations.

- Several disparate mass scales.
=> Large logarithms and its resummation needed.
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My talk is lastly about

1. Future collider prospects
2. Future SUSY, new features

3. Future standard searches of SUSY

8 Sunghoon Jung, KIAS



3. Future new searches

 Not yet standard, but very useful SUSY searches.

- Displaced decays
- show up quite often.

- Resonance searches (not covered today)
- filling inevitable gaps of current collider searches
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1. Gluino pair

Wino thermal DM,
Gaugino code,
Resummation
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- Traditional Meff is good enough.
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Searches of guino pairs

SJ, J.D.Wells
1312.1802

- Only the gluino mass
matters when well spilit.
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Wino DM (AMSB)

SJ, J.D.Wells
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Wino DM (AMSB)

S), J.D.WVells
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Reach in gaugino code
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Reach in gaugino code

LHC100
s =— One-loop split
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2. EWIino NLSP pair

Higgsino thermal DM,
Higgsino relations from GET
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EWIino NLSP searches

- EWinos decay always via gauge/Higgs bosons.

- They are inherently related by Goldstone Eq Thm.

- Multilepton + MET are representative signatures.
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= Are our Searches too much
“>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 # charginol+ decays
z 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_2+ -> ~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
= 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 - —chi 20 2y 227 X0t ZX0
2.68240565E-01 2 1000024 24 # BR(~chi_30 -> ~chi_1+ W-) _,..
2.68240565E-01 2 -1000024 24 # BR(~chi_30 -> ~chi_1- ws) 937 XOto W X+
1.80468356E-01 2 1000022 25 # BR(~chi_30 -> ~chi_ 10 h ) m4o
3.23973361E-02 2 1000023 25 # BR(~chi 30 -> ~chi 20 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

SJ, 1404.269 |

Always,
R(NLSP -> LSP + 2Z)
= BR(NLSP -> LSP + h)

- If Higgsinos are
the LSP or the NLSP,
parameter dependences
essentially vanish!
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my sp[GeV]

Higgsinos are special

SJ, 1404.269 |

Always,
BR(NLSP -> LSP + 2)
= BR(NLSP -> LSP + h)

- If Higgsinos are
the LSP or the NLSP,
parameter dependences
essentially vanish!
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Higgsino observables

SJ, 1404.269 |

- Higgsinos have two nearly degenerate,
indistinguishable neutralinos, each of which has
different BR(h) and BR(Z).

0 ~ 1 (170 1 170
XH1,2 — /2 (Hd — Hu)

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

Fx; = xmZ) +T06 = xw2) ~T0q = xuh) + TG — xu,h).
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NLSP BR Z vs. Higgs

S), 1404.2691

't was easiest to derive the relation using GET.

g m 0 9 ]_
(v =5 Y2) ~ Xi \1/2. (’)”L
(Xi X ) 167y, ‘ ry
g°m

2

F(X — X] h) 167er )‘1/2 ‘Dhlj (1 T 2W)

1 * > kS

D;ll’;] - 9 (sz — tWle) (Viasg — Nizcp)
1 = *

Oy = —5(NigNjs — NigNj4)
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NLSP BR Z vs. Higgs

S), 1404.2691

't was easiest to derive the relation using GET.

gmo

167cs;,

Do jogrt Lo S g (1 - 2y

L'(x; = X;2Z) ~

gm

DO = x5h) = =2\ D[ (1+2y/7)

For Higgsino LSPs or NLSPs:

L'(x; = x;2) csNm,3 + 88 Np,4

m~~

L(x; = x3h)  |csNu3 — s3Nm,4l?
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Generally true

The relation is valid with
Higgsino + many non-MSSM neutralinos.

S), 1404.2691

It the electroweakino-Higgsinos are LSP and/or NLSP

PG = x;3Z)  |eaNms + 85 Nmal’
F(Xz — X h) B CﬁNHk3 - SﬂNHk4 °

f the axino-Higgsinos are LSP and/or NLSP
F(Xz — X Z) SﬁNHk3_CBNHk42
I'(x7 — x?h)  |$gNu,s + csNpal?

It the gravitino-Higgsinos are LSP and/or NLSP
['(x; — X Z) cg N3 — SNl
F(Xz — X‘7 h) - CBNg?k:; -1 SBNHk‘l 2 Sunghoon Jung, KIAS




Runge Basis (Higgs basis)

H, =v, +H) +iA]
ngvd+H§—iA2

lRunge rotation

Hvev — v (HSS@

Hjcp)

SJ, 1404.2691|

gauge eigenbasis

Jall
iG Runge basis

H, =0+ (H)cg — Hjsg) + i A"

Only one doublet contains a whole vev and Goldstone.

28
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Runge Basis + alignment

H, =v, +H) +iA]
ngvd+H§—iA2

lRunge rotation

Hyepy =0 (HSS@ ch[g)
H, =0+ (H)cg — Hjsg) + i A"

lalignment limit

Hvev — U -

- RO 4+ iGY

H; =0-

- gV 44 AY
29
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gauge eigenbasis

Jall
iG Runge basis

Mass eigenbasis
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+ finally Goldstone Eq Thm

H, =v, +H) +iA]
ngvd+H§—iA2

lRunge rotation

Hvev — v (HSS@

Hjcp)

SJ, 1404.2691

gauge eigenbasis

Jall
iG Runge basis

H, =0+ (H)cg — Hjsg) + i A"

lalignment limit

Hyeo =v+ 0 +i7
H =0+ H"+;AY
30

h and Z are In the

same doublet.
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Back ’ro I-Iuggsmo DM...

2500
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B 000., o ey 1 TeV Higgsino DM is
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3. Displaced decays

axino LSP
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Very weak interactions

- SUSY models often contain very weakly interacting

particles (as the LSP) that can lead to displaced
decays:

Axinos/axions, gravitinos, small RPYV, ...

+ Focus on Axino LSP + Higgsino NLSP

W = CHLAHqu
VpPQ
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Lightest Higgsino decays

500 e B
~9 N ~ log,oler/(meter)]( Hy) t
H1 — a + h/Z - p>0, vpo=10°GeV |

400 tﬂ=3, M=M,=2TeV

S
S, 300
§ | .
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§ .~ outside
100/ . detector
0 01‘2 o ald - '
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decays! decays!!
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Heavier Higgsino decays

r70 ~ 70 * r7 ~ r70 *
H) wa+h/Z H) + Z H™ wa+W, H +W
Maxine=0GeV, t5=3, vpo=10"GeV Maxino=0GeV, 15=3, vpo=10"GeV
500 '_4 ,_2 —l’ T 0 | | 500 — -1 0 ' 1 12 '
log,o I (2 -¥g)/T (H2~H)) log, T (" ~a)[T(H" ~H,) |
400 400
Higgsinos
X =< <
. AXinos
200 200
100L A A A A 100t | - SN
2000 4000 6000 8 10000 00 4000 6000 8000 10000
M=M,(GeV) M=M,(GeV)

Heavier Higgsinos dominantly decay to lightest Higgsinos
rather than to the axino LSPs directly.
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Effectively enhanced
lightest Higgsino productions

HYHY, H*H¥, HY ,H* — HYHY

axino LSP

Bino LSP

100 150 200 250 300 350 400
mnLsp [GeV]

Effective neutral NLSP pair production

IS 7~8 times enhanced in Higgsino-axino model.
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Displaced dijet vertex
T gty U
>0, vpo=10°GeV /_. Hl Hl — aal s

400" 1,=3, M;=M,=2TeV

4 — 97
>
S 300
ko0 2 jets meeting at DV
= 300um < d, < 60cm
® pr > 60GeV and |5| < 2;
001‘_’| B G | IR il HRN Bl P B
. 0 A 00 - HT>600 GeV
pu~mysp (GeV]
displaced - DV reconstruction efficiency
decays is critical. We assume either

epy = 0.1, 0.01
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Collider bounds on axinos

DV reconstruction worse >

12 e ————— 12 e e f

' maxin(,:OGeV, /1>0, epv=0.1 _ ' maxim,:OGeV, [1>0, epv=0.01 '
11 o1
- - 5 .
L b ) k
< 10 excluded by CMS dijet DV % 10/
O ORI
% 9| % 9
= ! | L= |
8 excluded by ATLAS 4 - 8|

100 150 200 250 300 350 400 100 150 200 250 300 350 400
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127+ v n L
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11 - 1L
v ~ 1o |
g | 18 |
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S | 2 |
smaller & o F o
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Collider bounds on axinos

DV reconstruction worse >
12— . 12—
C Mgino=0GeV, u>0, epy=0.1 7 L Myging=0GeV, >0, epy=0.01
11 i
> ~ > _
< 10 excluded by CMS dijet DV Qg 10
a ' > '
2 2
% 9 % 9
2 ! 2 |
8 ./ excluded by ATLAS 4/ , 8
100 150 200 250 300 350 400 100 150 200 250 300 350 400
ﬂ*’mr\mP(GeV) #zmr\LSP(C‘eV)
Mgy —OGCV /1<0 €Epv r=0.1 i maxino-OGeV ﬂ(O GDV’:O 01
115 11
S s
2 | 3 |
BR(4|) % 10/ excluded by CMS dijet DV | % 10

s Allowed PQ scale happens to be in the right range for LHC
constraints!

Nice complementary searches of axion sector to cosmology

T TTTIVEAOT N TTTTIVEA D N
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Summary of prospects

+ Gluino pairs @ 100 TeV do not definitely cover
Wino or Higgsino DM scenarios.

- 1 TeV Higgsino DM can perhaps be excludable (but
not discoverable) via multilepton decays of Wino.

- Displaced decay searches can often provide useful
complementary information.
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Summary of future SUSY

- Bound interpretation in terms of ino mass ratios.
- Better resummation needed for gaugino code.
-+ Goldstone Eq Thm is generically applied; and light

Higgsino pheno especially simplified. BR(Z)=BR(h)
always.
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Thank you for your
attention.



