he Relic Neutralino Surface at a 100 TeV Collider

Michihisa Takeuchi (Kavli IPMU)

in collaboration with J. Bramante, P. J. Fox, A. Martin, B. Ostdiek, T.Plehn, T. Schell



No colored new particles beyond SM at LHC so far

We are searching for new physics beyond SM.

< 2800

Q

©.2600

%

£ 2400

¥

8 2200

B 2000
1800
1600
1400
1200
1000

800

Squark-gluino-neutralino model

-l L] L] I L) L L] ' 1 1 1 I L ' L l | | 1 I ) L] ] -
:_ - m(i(‘)=0 GeV Exp. limkt (£1 om._,)_:
- == m(¥,}=0 GeV Obs. limit (155" ]
- -~ m(i,)=395 GeV Exp. limit —
= — m(x';)=395 GeV Obs. limit -
= ) == m(%,)=695 GeV Exp. limit -
- T, —n(i,)=695 GeV Obs. limit =]
= ] 7TeV (4.7%") m(z.)=0 GeV Obs.
2 N ““-‘--u-au-.mwn "~ 9:1
- -

- ATLAS N,

e ”~

- ILdt=20.3tb". {s=8 TeV |

- O-lepton, 2-6jets

ﬁ A s s l e 1 L l B 1 ' I 1 1 A I 4 a1 l B ' L l 1 1 1 I 1 s
800 1000 1200 1400 1600 1800 2000 2200 24(

Gluino mass [GeV]

Mg ~ 1.4TeV mg ~ 1.3 TeV

excluded for m, =0

Squark-gluino grid, m __=0. Vs=14TeV METAHT>15GeV'?

T T T T T T T

I 1 L] L} Ll ‘I L T L] T ] L] T T
4000

3500 :._. ... : : j 3000 cxf:hsnﬂ ?f‘» CL-E
3000 .
2500} -
2000~ Zn, sys=30% |
- ATLAS Preliminary (simulation) 1
L R N PR W
15005000 2500 3000 3500 4000
M (GeV]

mg ~ 3TeV  mg~ 2.71eV

possible to exclude



m., [TeV]

- 10

100 TeV prospect
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We know there are DM (not colored particle)

Qpmh® ~0.12~ 1/ < o0 >~ 1/pb
Lightest Neutralino is a good candidate for DM B, W', Hy, Ho
Split-SUSY type spectrum getting popular

Traditional EWKIino search : 3 leptons

ATLAS Preliminary 20.3fb", s=8 TeV Status: Feb 2015 + + 0
— 600 — - — ; i '
% 7 — o wommene  =m -~ Exooctod imits dominant production X7 — V% X1
— - KX, via LV, e, wXv14035294 e QObserved limits + 0 0 0
e so0f- TR Vh S U it at 95% CL o(X1 X2) Xo — ZX]3
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- XL, via wW<Z 21+3L, ani:1403.5294 .
400 70 via Wh,  Ibbshyy+lF+3L, an1501.071: with Sleptgn; easy

decay to W, Z: less sensitive due to BR

Rely on lepton trigger, need enough mass splitting

Am =m — Moo > mw.m
X7 XY X0 = Mw, Mz

W > 420 GeV
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—lectroWeakinos as thermal relic

Nucl.Phys.B741:108-130,2006  N. Arkani-Hamed, A. Delgado, G.F. Giudice
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D Disappearing track
ure States SearCh ATLAS arxiv:1310.3675

pure Wino, pure Higgsino

higly degenerate with chargino Am ~ O(100MeV) -> long lifetime
-> disappearing charged track

We can set bound in mass and lifetime, or Am
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rapidly loose sensitivity with Am > 0.2GeV
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Wino, Higgsino

Once Am s gettinglarger Am = 1 ~ 10GeV

They are degenerate -> decay into LSP + too soft decay products

We can set the limit on contact interaction operators

X arXiv:1408.3583
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8TeV is not yet sensitive for Wino, Higgsino



pure Wino, Higgsino LSP at 14 TeV and 100 TeV

arXiv:1404.0682 Mattew Low, L-T Wang,

S/B
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W saturating relic abandance, might be found with disappering tracks but H difficult.



pure Wino, Higgsino LSP at 100 TeV with "“NLSP”

arXjiv: 1410 6287 S. Gori, S. Jung, L-T. Wang, and J. D. Wells

Consider NLSP EWkinos productions at 100 TeV
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Even fc?r Higgsino, aCCGSSIb.|e. with NLSP EWkinos simiar work done by 21Xiv-1410.1532
assuming enough mass splittings B. Acharya, K. Bozek, C. Pongkitivanichkul, K. Sakurai

if Wino NLSPs are lighter than about 3.2 TeV

Higgsino thermal dark matter ~ 1.1TeV excluded



fraction

Compressed spectra (ISR + soft-

dileptons)

X9 — XWUTe via Z*

Am = 10 ~ 50GeV less signal lepton acceptance

0.25, focus on J(Xfxgj) other than a(xfxg)
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M = m, for signal, myy,z for BG

for My > Mw/z, “Vsignal < VBG

For the same trigger ISR jet pT, BG is more boosted.
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myNrLsp ~~ 220 GeV (Am ~ 20 GGV)
MNLSP ™~ 320 GeV (Am ~ 30 GGV)
at 14 TeV 300fb—!



Compressed spectra (ISR + soft-dileptons)

Am = 10 ~ 50GeV  similar analysis done also for higgsinos ~ @rXiv:1401.1235

Z. Han, G. Kribs, A. Martin, and A. Menon
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2 iSOlated f: pT’g > 7 Gev M1=150GeV, M2=1000GeV, u=110GeV, tanB=10 M1=350GeV, M2=1000GeV, u=110GeV, tand=10
m,, > 150 GeV (reject Zj) = | " = |
m, ~ 200 GeV can be excluded g %‘
at 14 TeV 100fb~! -~
R 6‘0;(%";@ BT L ‘:]Lm,_, '(%:d;)xo)o SR e

FIG. 5. Example my, distributions after all other cuts, for case II, 20 fb~" at the 8 TeV LHC.

m, ~ 300 GeV can be excluded

at 14 TeV 3ab—!

For the same trigger ISR jet pT, BG is more boosted. v 14040682 Mattew Low, LT Wang,




Compressed spectra (photon+leptons)

| iggsi Xiv:1408.6530
Am = 5 ~ 15Qey  Dino/higgsino @41y

Joseph Bramante, Antonio Delgado, Fatemeh Elahi, Adam Martin, and Bryan Ostdiek
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Compressed spectra (photon+leptons)

| iqgsi Xiv:1408.6530
Am = 5 ~ 15Qey  Dino/higgsino @41y

Joseph Bramante, Antonio Delgado, Fatemeh Elahi, Adam Martin, and Bryan Ostdiek
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Hr > 300 GeV, only one jet with pr; > 300 GeV,
10 < pre <25 GeV, 10 < pr, <40 GeV
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{ :: :
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So (Am — 5 GeV)’ 20 (Am — 15 GeV) m, ~ 150 GeV at 14 TeV with 0.5 ab™1

For the same trigger ISR jet pT, BG is more boosted.



—\Wkino search summary at LHC
Am =mpyrsp — MLSP

Am > myg, mwy ET_|_3€

0.2GeV < Am < mw jISR i ET + 2—|—€soft

jISR _|_£ZT _|_€soft ‘|"7
ET + 2—|—€soft ‘|—”7

For the same trigger ISR jet pT, BG is more boosted.
jISR + H7 (mono-jet)

Am < 0.2GeV Disappearing tracks +jISR —+ ET

Mainly working on pure states, (target: 1.1TeV Higgsino, 3 TeV Wino)
~400 GeV would be the best reach at LHC14 once the mass splitting small



Al

Jestion to ask:

possible relic

—\WKINno

DM accesible at 100 TeV?

we check It explicitly (ot working on pure states)

arxXiv:1412.4789 Joseph Bramante, Patrick J. Fox, Adam Martin, Bryan Ostdiek, Tilman Plehn, Torben Schell, and MT



Well Tempered relic neutralino surface  wxivianass

J. Bramante, P. J. Fox, A. Martin, B. Ostdiek, T. Plehn, T. Schell, and MT

Split-susy type spectrum, EWkino sector has 4 parameters M7, Mo, 1, tan
We fix tan 5 = 10

4 s .
We scan points giving QA2 = 0.12 2" p=10
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We first show 3D structure, moving animated plot available online:
http://www3.nd.edu/~bostdiek/research welltmp.html
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Direct Detection (Blind spot, Neutrino BG)

M2 [TCV]

-3 .
ulTeV] Spin-Dependent
| @10 || @104 || <10+ cm?

—4 -3 u[TeV] Spin-Independent
|10 || @10 | <10~ cm?

Oy = 0>10" | @1047]]

anz .>10-43 || .10_44 ||

current bound current bound 1039  10—40
XENON100 (2012) < 10~* XENON100 (2013) < 107 ~ 10

LUX (2013)

coherent neutrino scattering ~ 10™4® for 1TeV

Blind spot condition: m,, + psin28 =0



Direct Detection (Blind spot, Neutrino BG)

M2 [TGV]

-4 -3 ulTeV] Spin-Independent —4 - ulTeV] Spin-Dependent
Om = ©>10" || @10 || | ® | @10 ]| <10~ cm? Gy = >1029] @104 | @107 || @10% || #<10* cm?
current bound current bound 1039 ~ 1040
XENON100 (2012) < 1044 XENON100 (2013) < -

LUX (2013)

coherent neutrino scattering ~ 10™4® for 1TeV

Blind spot condition: m,, + psin28 =0



small Am

M;[TeV]

Ml [TCV]

—4 u[TeV]

—4 u[TeV]

Amy .o = <2 | o10 || | 30 || @50 || >80 GeV

other than Bino/Higgsino slope, almost entirely Am < 30 GeV

We cannot use standard EWkino search strategy: 3leptons
have to work on soft-leptons, photons



BR(photon), cross sections
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For Wino/Bino LSP, photon BR is enough

Cross sections just determined by the LSP mass

oxii — 0370 Y); XXJ = XX e X



Analysis detall : photon + lepton

xgxlij — (X)) (xYetr)5 Madgraphb, Pythia6.4, Delphes3

Background, e.g. Wivj Signal, e.g. Xitxgj

lepton pp Scales]

5 [W/ QI AN LNE,
lepton pr scales Wt
. w/pr from vy N

W 7 Xt XY

[photon pT Scales]

8
‘JJ-' W/ Y0 Am,o_
photon pT Scales WF
W/ event pr .

ET > 1.5 TeV, only one jet with pp,; > 1 TeV,
5 < pre <80 GeV, d < pr~ <80 GeV

as v, 1s large at 100 TeV, we can resolve Am down to ~ 1 GeV

For the same trigger ISR jet pT, BG is more boosted.



Analysis detall : photon + lepton

1,0%,% signal and W*yj background 1,0, %] signal and W*yj background
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Analysis detall : soft di-leptons

L)pp = Xixi +3 = £ vxdx} + e
2)pp = Xox1 +7 = XY + 5 BG: tta WwTWw J, T T ]
3)pp = XiX3 + 5 = £ i) + 4, £ 0= XN + 4,

ET > 500 GeV
exactly 1 hard jet: pr; > 100 GeV(veto second jet > 100 GeV)

2 isolated ¢: 10 GeV < pry < 50 GeV

Relic neutralino 5¢ discovery with soft dileptons (3 ab!)

Imax

mB3* to optimize S/ B

m, ~ 900 GeV would be discovered




Summary
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*Some of bottom row accessible at LHC 3/ab
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*Some of bottom row accessible at LHC 3/ab
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*Some of bottom row accessible at LHC 3/ab



Summary

*Some of bottom row accessible at LHC 3/ab

350 GeV ~ 400 GeV at 14 TeV with 3ab—!



Summary
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100 TeV collider covers the relic neutralino surface (other than pure Higgsino)



