Tagging a mono-top signature in natural supersymmetry

in collaboration with Kazuki Sakurai (Warsaw) and Dorival Goncalves (Pittsburgh)

at Planck 2017 on 24th May 2017
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Stop search

Solving hierarchy problem requires top partner: stop

~ 1038G6V2 (ASM = mpl)

Higgs mass receives quantum corrections of the order of highest mass scale

|:> New physics should appear around TeV scale to avoid fine tuning

SUSY: popular candidate
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new particle, same coupling by symmetry

current status (Bino LSP: tt+missing)
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up to ~1TeV excluded ?

some excess ?
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Natural SUSY

natural spectrum: light higgsino and light stop

EWSB condition: o
, Higgsino-LSP preferable
mz 2 2 3y; A?
——Z ~ |u|* + m3;, — =“tm?log (—)

2 o 82 me 0O .0 .=+

Y A : X1, X2, X1 degenerate
niggsinos stop
Bino LSP Higgsino LSP
t t
t 100% t 50% [b 50%
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B — HO HO E y too soft to observe

depending on decay mode, search strategy differs
BR haS infOrmation on StOp/ neU.traliHO SECLOT (important to test this scenario) 3
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Natural SUSY

natural spectrum: light higgsino and light stop

EWSB condition: o
; Higgsino-LSP preferable
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Moreover, consider higgsino and stop naturally degenerate



Natural SUSY

natural spectrum: light higgsino and light stop

EWSB condition: . .
, Higgsino-LSP preferable
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Moreover, consider higgsino and stop naturally degenerate

Higgsino LSP

~

t

H- i | b 100%

E .|
B * } too soft to observe

Bino LSP stop-coannihilaiton

essentially we cannot observe any stop decay products



Stop search (degenerate)
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current status
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today's focus: degenerate mass spectrum

mgwmx

1. tt+missing sensitivity lost
2. accessibility on BR info lost

mono-jet search: sensitive to this region
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Mono-jet search

simple strategy

BG: Z+jets

X )
soft jets

} essentially ET

Sy X
soft jets J

ISR jet
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Mono-jet search

simple strategy
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. soft jets
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ISR jet
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however, the same signal expected for whatever with a degenerate spectrum

} essentially ET

X )
%Odddaa%/,*"’ q soft jets
e P ~
66@6‘5 %, ' X
® dd"daa q soft jets J
D3,
ISR jet

gluino, squark, other simplified model, for whatever sensitive mwsarivogpiisoossor ¢

. X )

soft jets
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0\0&0% soft jets J
ISR jet

} essentially ET



http://arxiv.org/pdf/1409.2893.pdf

| (ATLAS-CONF-2015-062)
Mono-jet search (1605.03814)

ATLAS-CONF-2016-078
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however, the same signal expected for whatever with a degenerate spectrum
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http://arxiv.org/pdf/1409.2893.pdf

MOono 'j et SealC h also sensitive for degenerate stop




SUSY ttH process ¢*th°

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

N 21 A e
motivation: Natural susy (light higgsino + stop) - |t xae) |
10% Ly e 14TV

top yukawa is large, 3body production is not so small B Ny —_— 183 1?:\\;/
L {fh 13TV NLO -

10
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direct measurement of the coupling m; [GeV]

same relation between tt and ttH (tt for top mass, ttH for top yukawa.)

can access to stop/neutralino mixing information



SUSY ttH process ¢*th°

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

T

106 [t 13TeV
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can access to stop/neutralino mixing information
interestingly, a(fltx(f@)) : no dependence on stop mixing: @ 7
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SUSY ttH process ¢*th°

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

T

106 [t 13TeV

motivation: Natural susy (light higgsino + stop) o (bt X)) ||

10% kgt | e 14TV |-
» g 3 ; 3 3 ]
top yukawa is large, 3body production is not so small ~ jp¢| T~y — 13TeV|

: : ‘ : : - 8 TeV |]
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direct measurement of the coupling m; [GeV]

same relation between tt and ttH (tt for top mass, ttH for top yukawa.)
can access to stop/neutralino mixing information
interestingly, a(fltx(f(z)) : no dependence on s~top~ mixing: (? P
v TrH, Q31 in super potential — tph,tr, trhyt,  (in® 0 +cos®0;=1)

but depend on neutralino mixing matrix: N4, Noy (ilu n X(l), X(Q))

measuring a(fltx(l)@)) = Roj to access LSP nature hiagsino measure: R = [N74|2 + | Ny |?

(07: pure higgsino limit)




New Sig nature: MONO-TOP  Ip. Gonealves, K. Sakurai, MT arXiv:1604.03938

consider degenerate case
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consider degenerate case
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soft jets

often considered in top flavor violation
J. Andrea, B. Fuks, F. Maltoni

mono-top with no flavor violation,
just kinematically suppressed



New Sig nature: MONO-TOP  Ip. Gonealves, K. Sakurai, MT arXiv:1604.03938

consider degenerate case

t
~0
' Xi
9999}_\ essentially ET
e g % —> interesting signature: mono-top

soft jets

often considered in top flavor violation
J. Andrea, B. Fuks, F. Maltoni

ISR jet(s)

mono-top with no flavor violation,
just kinematically suppressed

combine mono-jet and mono-top allow to access

mono jet + B 4+ soft mono top + FIs 4+ soft both stop mass 1; and higgsino measure JR.




invisible Stop decay D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

g 3 _
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when stop invisible? ) —|‘\ e .
o 0010 20 3 20 50

~ ~ ~0 p7; = 30GeV

X X
Npl | Am S 15GeV Am,, < 6GeV

true for higgsino

* soft-activity might be able to use [A. Chakraborty, S. Chakraborty, T. S. Roy 1606.07826] 10



Search strategy

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

Process o || Baseline
tt 831 pb|| 206 - 10°
tW 71pb||26.2 - 10°
tZ 0.88pb||22.8 - 10°

W +bb ||7.65pbl|/1.82-10°

BG total || 903 pb/|| 226 - 10°

BP(317,309) || 23.7fb 5883
BP(317,272)|| 30.8fb 6522

focus on easiest channel (¢, + ET) Baseline: Ny =1 np =1 n; < 3

(pT,j > 30G6V)

11



Search strategy

focus on easiest ¢

Process o || Baseline
tt 831 pb|| 206 - 10°
tW 71pb|[26.2 - 10°
tZ 0.88pb|([22.8 - 10°

W +bb ||7.65pbl|[1.82-10°

BG total || 903 pb/|| 226 - 10°

BP(317,309)|| 23.7fb 5883
BP(317,272)|| 30.8b 6522

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

Arbitrary Unit

consistency check with top kinematics

to reduce non top BG (Wbb)
combinatorial BG

hannel (£, + ET) Baseline: Ny =1 np =1 n; < 3

— Tty (AM=8GeV)
— tty (AM=45GeV)

OEEI Ll
mpy < 150GeV

P
100




Search strategy

Process o || Baseline|myr < 150
tt 831 pb|| 206 - 10°| 165. - 10°
tW 71pb||26.2-10°| 20.7-10°
tZ 0.88pb|([22.8-10%| 21.6-10°

W+bb ||7.65pb|[1.82-10° 1.51-10°

BG total || 903 pb/|| 226 - 10°| 41.1-10°

BP(317,309)|| 23.7fb 5883 5491
BP(317,272)|| 30.8b 6522 5491

Arbitrary Unit

300 400

m,, [GeV]

mye < 150GeV

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

focus on easiest channel (¢, + ET) Baseline: Ny =1 np =1 n; < 3

.......

(W
-,
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[fb/bin]

do/dm

.......

13TeV LHC

1072

T
0 100

mr > 100GeV

N
200

300 400
m, [GeV]

reject events only Hr from W: 2£(tt, tW) left
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Search strategy

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

focus on easiest channel (¢, + ET ) Baseline: ny =1 npy =1 n; < 3
Process o || Baseline | mp¢ < 150|m7r > 100 = 7
= Z10°F - — T/(Am=8GeV)
tt 831pb|| 206 -10°| 165.-10°| 17.7-10°| < o 16 total —Trlam=dsGev
tW 71pb|[26.2-10°| 20.7-10°| 1.68-10°| E107Fr el B ]
tZ 0.88pb|([22.8-10°| 21.6-10°| 7.3-10°| g,sf L. L | |C g
W +bb |/7.65pb|[1.82-10° 1.51-10°| 42.3-10° & LHC 13TeV
BG total || 903 pb|| 226 - 105 41.1-10%] 19.4 - 10° %104 oy ] , 3000 b
=30 L i
BP(317,309)|| 23.7fb 5883 5491 3387 1OF = L
10? (m=317GeV) T e
BP(317,272) || 30.8fb 6522 5491 3123 FEF 0
10 .................. __—I_I_
z| =1 § 104 13TeV LHC 1 —'
5t - B e AR R B U B B i
N Sk 0 200 400 600 800
1 K. [GeV]
e require high Hp > 450GeV
W BG from back to back (2/)
myr < 150GeV mr > 100GeV DT, partly cancel
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Search strategy

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|

focus on easiest ¢
Process o || Baseline ' mye < 150|m7r > 100 SR1
tt 831 pb|| 206 - 10°| 165.-10°| 17.7 - 10° 463.3
tW 71pb|[26.2-10°%| 20.7-10°| 1.68-10° 308.5
tZ 0.88pb|[22.8-10°| 21.6-10°| 7.3-10° 26.1
W+bb |[7.65pb|[1.82-10°| 1.51-10°| 42.3-10° 5.9
BG total || 903pb|| 226 -10°| 41.1-10°%| 19.4-10° 803.8
109
BP(317,309)|| 23.7fb 5883 5491 3387 (3.8,0.13)
60.2
BP(317,272)|| 30.8b 6522 5491 3123 (2.1,0.07)

=

~

Arbitrary Unit

300

107!

400 107

m,, [GeV]

mye < 150GeV
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T:seev)' S 107E =
FIO =

Woiep ]

5 102 ; O -

10F

1 ~0 (m=317GeV

13TeV LHC

my [GeV]

mr > 100GeV

BG total

Bt > 450GeV

hannel (£, + ET) Baseline: Ny =1 np =1 n; < 3

for 3000fb !

(S/VB,S/B)

compressed case
smaller cross section
better significance
(better efficiency)

11



sensitivity

450

400}

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|
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up to 380 GeV sensitive

mono-jet: finally up to 500 GeV at 3ab-1

(conservative)
IM.Low, LTWang JHEP08(2014)161]
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sensitivity

450

400}

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938|
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O, ¢
’EX 300
250+
20 1 1 1
800 250 300 350 400 450
m;, |GeV]

up to 380 GeV sensitive

mono-jet: finally up to 500 GeV at 3ab-1

(conservative)
[M.Low, LTWang JHEP08(2014)161]

L-handed stop case almost the same
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A

|D. Goncalves, K. Sakurai, MT arXiv:1604.03938]

helicity structure In stop sector

g(fltx(l)(Q)) : no dependence on stop mixing: { 7

L-handed stop -> R-handed top produced

1 dl'y 1
= —(1+wsrPrcosb wp = —0.41, wy =1
I'sdcosfy 2( 1ot ) b ok
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; i
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€ I ty
o i
Z0.15 - B
_ lepton is harder
_ pr(¢) — pr(b) - 0 0.1~ —
pr(£) + pr(b) :
0.05 -
lepton is harder L
ol b b b b b o b by b
-1-0.8-0.6-04-0.2 0 020406 0.8 1
A

efficiency also not much sensitive

sensitive for L-R, or

0

~

t

bottom: backward, lepton: forward

o
N
o

Normalised Events
o
N

0.15

0.1

0.05}
T
~1-0.8

B

lepton is harder |

0.6-0.402 0 0.2 0.4 0.6 0

8 1
A

more prominent in boosted regime 13



H ad rO n IC C h an n el |D. Goncalves, K. Sakurai, MT arXiv:1610.06179]

large Emiss, large boost needed -> Top Tagging (HEPTopTagger)

top-tagged jet

MET €0 =1, G, x=h B ) )
>, 0.5r
% i HEPTopTagger
. . = 0.4F
obvious advantage of hadronic mode 5
l b h 67 / Ebg 0 3F hadronic top
arger branching ratio ~ 67% g L oo
° 5 N eff ~ 30%
0.1F
I Qb
0 200 600 800
pT’t(J) [GeV]



H ad rO n IC C h an n el |D. Goncalves, K. Sakurai, MT arXiv:1610.06179]

large Emiss, large boost needed -> Top Tagging (HEPTopTagger)

another (and essential) advantage of hadronic mode

1000 : x
= hadfon:c._n.loﬂe" i % 1k _I_'—|_I_I_ m.=342 GeV
5 l% m, =334 GeV]
. = = S T
hadronic mode: | =) - _
K7 fully usable 500 S r | hadronic top
I N = 10_1 — - N —
= : |
'8 - tagged| B L
[ I o 1:__1:
|_ ‘:']_ -
1000 | -
LOOO leptonic mode™ " . L . 10_2 20 l_'l_
S Y | leptonic top 7
3 s " [ |
= [ Tya= M=t .
leptonic mode: R 0 200 400 600 800
.II.-.
A K., P, [GeV]

Hr partly cancel by v

leptonic K7 rapidly drops

(solid blue 1line)

Even after top-tag, hadronic wins

1000 14




H ad rO n IC C h an n el |D. Goncalves, K. Sakurai, MT arXiv:1610.06179]

large Emiss, large boost needed -> Top Tagging (HEPTopTagger)

hadronic mono-top

450 '
| . leptonic mono-to
ne = 0, top-tag, pry > 200 GeV, Er > 300 GeV tp@13TeV3ab™! P %
b-tag in tiag (70%, 1% %3 combinatorial) . //{@/
n; =0 (pr; > 30 GeV, |n;| < 2.5) | 20 hadronic &
400F - --. 20 leptonic

x PA¢

£ LHC 13 TeV — SMS exclusion (BR = 100%) : A 8

QI0YE | (L7307 % o0 AN S

3 1—7CX1 J +

= 5 350 - " &

20k = b b ,

EIE Zajes = T P )

g s ;

102 ___|~7zot | 300 l'
—_ 7
105_ tV l'
PP PR BT B R ,l
300 400 500 600 700 800 250} 1
K [GeV] 250 300 350 400 450

. 1 . my, |GeV]
hadronic mode sensitivity higher than leptonic mode
very generic statement — the reason why fully hadronic mode set strongest limits

it would be more true at 100 TeV collider 12



Summary

Natural SUSY: light stop, light higgsino — degenerate: mono-jet signature

mono-jet signature only cannot distinguish the produced particles

We propose mono-top signature via ttNX' for additional information.

LSP nature (higgsino component) through o, stop mixing through ]]%’i

hadronic mode sensitivity higher than leptonic mode

very generic statement — the reason why fully hadronic mode set strongest limits
it would be more true at 100 TeV collider, boosted objects help a lot !

boost helps to solve combinatorics, restrict kinematics

Boosted objects ubiquitous at LHC and more at 100 TeV
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