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Gluino-Neutralino Simplified Model:

Tim Cohen, Tobias Golling, Mike Hance,Anna Henrichs, KH, Joshua Loyal, Sanjay Padhi, Jay VWacker
SUSY Simplified Models at 14, 33,and 100 TeV Proton Colliders, arXiv:1311.6480

(also compressed vegion, squark-neutvalino, gluino-squark, gluino-3vd gewn)

&
Stop-Neutralino Simplified Model:

Tim Cohen, Raffaele D’Agnolo, Mike Hance, Hou Keong Lou, Jay Wacker
(Preliminary Results)

3000/fb, 100 TeV pp (also 33, 14)
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Motivations after LHCS8
S Em

Signal Monte Carlo at 100 TeV

*

Gluino-Neutralino Simplified Model
—— ——

Stop-Neutralino Simplified Model







Standard Model
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THE SCALE OF NEW PHYSICS?
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Standard Model

Ql: How does discovery
reach for new physics scale
up?

Q2:What are useful lessons
for prioritizing capabilities?
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CAN A 100 TEV COLLIDER MAKE GOOD?

Ql: How does discovery
reach for new physics scale
up?

Q2:What are useful lessons
for prioritizing capabilities!?

SUSY simplified
models

Standard Model
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~20 TeV

colored particle

neutral,
collider-stable

Standard Model
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neutral, S pies,
. wW\
collider-stable Y

Standard Model
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TWO SIMPLIFIED MODELS

~20 TeV mmefx\l . wriggs w355

colored particle

G,l,H, A, ... Gluino-neutralino
' simplified model

neutral, I
collider-stable qq
>’Z \ 4
g — qq + MET

Standard Model
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TWO SIMPLIFIED MODELS

~20 TeV etry
\a Su‘)ersymm (W\%%S W\QSS)
. NG
colored particle "
95q; - Stop-neutralino
simplified model
t
neutral,
collider-stable t
Yo —_—
t —t+MET

Standard Model
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~20 TeV . . .
Gluino-neutralino Stop-neutralino
g — qq +MET t —t+ MET
colored particle B
multijet b-jets
MET leptons
(compressed) MET
neutral, tOP tag

collider-stable

Standard Model
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TWO SIMPLIFIED MODELS

~20 TeV . . .
Gluino-neutralino Stop-neutralino
g — qq +MBET t —t+ MET
colored particle B
multijet b-jets
MET leptons
(compressed) MET
neutral, top tag

collider-stable

Good coverage of generic signatures

Standard Model
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800 ... l]wuncrdtemplatedat

'NimatronRunl' = run_tag ! name of the run
FRA AR AR AR AR AR AOR AR AR

# Run to generate the grid pack *
FHORA AR AR AR AR AR AR AR AR AOR KRR KRR KRR KR RO
false. = gridpack !True = setting up the grid pack

SRR AR AR AR HOR AR AOKR AR ARORR KRR AR AR
# Number of ewvents and rnd seed *

# Warning: Do not generate more than 186K event in a single run *
FHORA AR AR AR AR AKR KRR AOR KRR KRR KRR K

16668 = hevents | Number of unweighted events requested

a = iseed ! rnd seed (B=assigned automatical ly=default)})

AR R R R KRR KR KR KR R KRR KR KK R OR RO R R OOR RO R RO RO RO R OR R R OR R R OR R R OR R R OR K

# Collider type and energy *
FPRRARAAR AR ARRAORK AR ARR AR ORI OR KRR ORKORIORAORR AR RORKOR K HOK

1 = lppl ! beam 1 type (B=NO PDF)
1 = lpp2 ! beam 2 type (B=NO PDF)
alalalals = ebeaml ! beam 1 energy in GeV
Eaaaa = ebeamz | beam 2 energy in GeV

FhrtRkoRoR kR R R KRR KRR KRR KR ROR R ROR R R KRR KRR R KRR KRR RR R R KRR R R kR R KR K

# Beam polarization from -188 (left-handed) to 168 (right-handed)  *
B e e e e e e R e e T

a

In
(=)
[n g
D
o
=
=
o
D
Q
=

=
(=)
Q
lai
f—y
™
Q
ot
P
Q
=
*
Q
-
o
D
Q
=
=

# PDF CHOICE: this automatically fixes also alpha_s and its evol. *

AR R R R R R R KR R R KK KR KRR RO OR R RORROR R R R R Rk R R Rk Rk Rk Rk ok

' .C't. -e'q.6' l' .1' : 5 p.d' 'l'a' .b'e. .l' ! P D F S et
B e e T e e e e e e

# Renormalization and factorization scales *

|
Mature set of tools for
proton colliders:

Madgraph5 + Pythiab:
event generation with
shower and jet matching

DELPHES 3

fast simulation w/pile-up
Snowmass detector: ArXiv:1309.1057

Prospino 2.1 (modified)
NLO cross sections

Matching? PDFS?
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H
806, i [iun card templatedat | Mature set of tools for
'NimatronRunl' = run_tag ! name of the run .
FRA AR AR AR AR AR AOR AR AR II d o
# Run to generate the grid pack * PrOton CO I ers'
FAARAR AR AR AR AR AR AR AOR AR AR KRR
.false. = gridpack !True = setting up the grid pack

AR R R R R HR R R KR R R KRR KRR KR KRR R R RO O RO ROR R RO ROR R RO R OR R KRR

# Number of events and rnd seed * o
# Warning: Do not generate more than 188K event in a single run * Mad grap h 5 + Pythlaé ®
[ ]

FERAARAR AR AR AR AR AR AR AR AR AR AR AR OR AR R AR R KK
16668 = hevents | Number of unweighted events requested

. 2 1seed :::: I rnd seed (P=nssigned automatical ly=default)) eve nt ge n e rati O n With

AR R R R KRR KR KR KR R KRR KR KK R OR RO R R OOR RO R RO RO RO R OR R R OR R R OR R R OR R R OR K

# Collider type and eneray X . .
S S shower and jet matching
atalalala = ebeaml ! beam 1 energy in GeV
atalalala = ebeamZ ! beam 2 energy in GeY
- - DELPHES 3

ROk Rk Rk Rk B : S R KRR R OR R ROk

#******E*****:*i:::f B [ HRRARAAAAAK faSt Si mu Ia‘ti on W/ Pi I e-u P
# POF CHOICE: this aut 2 : evol. Snowmass detector:ArXiv:1309.1057

FHRRARAAAAAAAAAKAAKAK
' .C't.-e'q.6'l'.1' : 5 p ......

ook kR kR R OR R kR R Rk ook kR Rk

# rerorsat zation and | (15 . Prospino 2.1 (modified)
NLO cross sections

Matching? PDFS?
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Snowmass common backgrounds - high statistics

coverage of dominant SM processes
arXiv: 1308.1636

see also James Hirschauer’s earlier talk

Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



my, = 1000 GeV,m, =900 GeV (o = 0.3 pb)

g 10
g 10°
107
10

10

E LHe 13Tev. | | A theorist’s report back
% : 3000 fb! from the front...
L+ jets:
i
f TJF’FHE'TT**-- 1 :
g — 4qqx T
N=50,000 R
IIIIIIIIIIIIIIIIIIIIIlllllIIIITITﬂ-IHIHIIII-}IIII
0 500 1000 1500 2000 2500 3000 3500 4000
MET (GeV)
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my, = 1000 GeV,m, =900 GeV (o = 0.3 pb)

.§104 .
E 1$ E LHC 13TeV, | | Generator-level binning:
1 - 3000 fb- .
-1 5 for “theorist-level”
101 a / + jets computing
102 ‘_*uﬂ* u‘*-,_ E
10° Ry 5 HTJ=Sum(gen jet pT)
104 ;*""‘--.. I _
o f ﬁﬂt’ﬁfﬁf:@; | N=50,000, Weighted| | (S3fe §ov watching)
10°m I R
w0k g — 4qx H*’ﬁ*/
-8 —_ 1 +
phoow L L T
0 500 1000 1500 2000 2500 3000 3500 4000

MET (GeV)
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g Preselection

e zero selected electrons or muons
o E}niss > 100 GeV

pRS q e at least 4 jets with pr > 60 GeV

: ~0
q N\ X1 NO LEPTONS
q

(Large cvoss Section) o Min, MET
Pp— 99— q999X1 X1 4 YETS

(Jets + MET)
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Tev - MET (00 TeV - HT

010"

©

™ 10°E Vs=100 Tev -
f 10°f 0 extra intXing :n\!,:%%Tev
8 _my=14TeV
Y}

fu
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>

Ll

W/Z +jets & it +jets
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Tev - MET

B Single-t
— mg=4 TeV
— m§=8 TeV

3110

-810

210 B Single-t
f 108 0 extra int/Xing m§=g16TeV
o 107k — M=4 TeV
wn

2

-

()

>

w

W/Z +jets & it +jets

el

(Dowminant @ (4 TeV)

~

(Dominant @ (oo Tev)
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Eps/\/Hy > 15 GeV'/2

(suppvress §ake MET)

e The leading jet pr must satisfy pr "¢ < 0.4 Hy (V\O-'; ISR- \’\ke)

Py E’_III"HSS > ( E’i"’mss)optimal

[ HT > (HT)Optimal
oOPtimize
cutsS: HT

9 MET

= . . .
© 15 pp—Gg—aa, 9%,
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> Y 0 0 - i S e
|i) i ppegg%qqx1 qqx1 i EXF I gi%?o;iﬁufciggw ]
_c{xr 10— 5o discovery - 101 E?ﬁgggggfig Exclude -
e - —— 100 TeV, 3000 fb - 3 TeV Gluino |
g. — 33TeV, 3000 fb’ 7 8 -
- —— 14 TeV, 3000 fb" ] : m 3
- =—— 14 TeV, 300 b _ )
6 D «Scovey my [TeV]
i ‘ (with just 6o Eventsl)
- - |
N Il Tev Gluinol-
2 -
O_ 1 1 | 1 1 1 | 1 1 1 |
0 2 4 6 8 10 12
LHCE Limit: ~13 Tev m, [TeV.

ctMS SuS-13-0i2, ATLAS-CONF-2003-047 va“dat—‘ov\ W/ '4 ’I'eV S'bU\c\TeS

ATL-PHYS-PuUB-20(3-002

Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



= simple jets + MET - no surprises =

validation against
independent 14 TeV study

] [l —

100 TeV discovery reach:
~5 X beyond LHC |4 exclusion reach

# .







|
?;f, production,.f,—) t i‘? / ?,—9 Wb i‘: / .t',—y c 'Z‘: Status: Moriond 2014
N S‘ S ] §. vk & ] L | ] L A | ] | IR 53R B | ' T 1 1 1 I =
8 aool-ATLAS Preliminary L, =20-211"1s=8TeV L, =4.7f0" 157 TeV_1
t ._°:<" E —= °‘~i-—"§ oL CONF.2013.024 oL [1208.1447) E
N é - =Lty 1L CONF-2013.037 1L (1208.2590) -
'S 350— == 2Lty 20 (1403 4853) 2L [1209.4186) =l
& - Bl 2Lt->Wb i‘: ~ . —
LN 8 OL mono-jetic-tag.t,— ¢ ¥ 6 ; 2]
A . 300~ W coF 2.6 " [1203.4171) 1 w\ > s 0 e!'ev .
A S O ~ = QObserved limits === Expected limits ]
Xl o0 Alllimits at 95% CL K
200 —
{ o 4 :
100 =
(~swall cross section) :

pp —tt* = tExo X,

/L (MET)

(Leptowns / dets)

Hadvownic
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8 TeV 1] £\ R
650 GeV stop

my ~ 3my b TyPical decay vadius R € 0.2

(Fov light weutralino)
X R~ 8/(m)

>t 7% Vs=100 TeV

100 TeV
7000 GeV stop

myz ~ 30my

0t . E E i ' i =
)0160)0) 2000 3000 4000 5000 6000 7000 8000
g~ mz(GeV)
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New search strategy for 100 TeV?

. °. (e
isolated leptons? Sev\g\’o""e %—,Oav\ \avi gl?evr‘ob,ov\
\{ col
: AN
top-tagging? } Aebecb: 02 At 0V\3/SV“°
b-tags? e
Simple handles:
MET Gwi?\® - geaveh
hard jets } SeW\'\\C’\"\’/OV\\

muon-in-jet
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Cut Flow Table  [Ldt =3000 fb"

10
(GeV) I}
- M-=4000, M, =1 ' single t
10™ - M= 6000, My = 1 —
- M- = 8000, Mzo el .QED
10° il
preliminary
10°
10° fremmmmnenmnaey | 4' TeVv S‘tO?
P .---‘—-‘—%—— R R BN 6 ’I-eV StO?

Tev Stoyp
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j [ dt = 3000 fb™

(GeV) Mt

— M. = 4000, Mlo =1 " single t
-- M. = 6000, Mx,, =1 mwz

....M7=8.000., Mxo=1 - QCD
preliminary mob

to?p Paiv

dominant bkg
wuon-in-jet

4 AR =05 )

pry > 100 GeV

0 1 2 3 4

Number of u
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Exclusion for pp — Tt — tiyy

< 10000F Q
> [ Vs=100Tev preliminary |, &
S 1 S
Ldt = 3000 fb’ o
<& 8000 f i =
E i = 20 Yo 9')
6000 -
LHCE: 650 Gev 40001
(ATL CONF-20(3-024) m
)i 0 10
LHCI4: .4 TeVv i
2000

(ATL-PHYS-PuB-20(3-0ll)

0

8000

2000 S
M- (GeV)

4000 6000

(Exclude ~9 Tev Stop)
‘D'\SCO\/EV ~7 TeV StO?! (~ 100 events)
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new kinematic regime for
stop decays

simple, robust
boosted adaptation of semileptonic channel

|00 TeV discovery reach:
~5 X beyond LHC |4 exclusion reach







~20 TeV

W
\ov 0N « S :
) N V‘@\N ?\{\V)
%0

Standard Model
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~20 TeV

Standard Model
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~20 TeV

Standard Model

(l TeVv g\mvxo

SN
S
(\).
>
O
Q
&
=N
>
Q
-
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7 Tev Sto?

(00 TeV D’\SCO\/e\r\j
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WHERE IS THE NEW

~20 TeV

(l TeV g\uﬁ\no

dark wmattev?

unification?

(00 TeVv D'\SCO\/e\ﬁj

Standard Model

PHYSICS?

7 Tev Sto?p
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WHERE IS THE NEW

~20 TeV

(l TeV g\umno

davk watter?

unification?

(00 TeV Discovw\j

Standard Model

PHYSICS?

? Tev ?

7 Tev Sto?p
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WHERE IS THE NEW PHYSICS?

~20 TeV
A \ot of
REACH Fo®” NEW PHYSICS!
§ X0 el - - _
P\\O)O‘:Q/\N Y\\")S\ S [l TeVv S‘M\V\O ? TeV ?
SoX 7 TeV Sto?p

dark wmattev?

unification?

(00 TeVv D'\SCO\/e\ﬁj

Standard Model
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B LS T
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E
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pp—>3g-> iy, iE,

5 o discovery

s 100 TeV, 140 PU, 3000 fb"
s 33 TV, 140 PU, 3000 fb™
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4 Tev Stop

| Ldt = 3000 fb’

0 «200

t0P wass

(GeV) Wt
— M; =4000, M, =1 | single t
-- M;=6000, M, =1 puy* 7
= M;=8000, M, =1 qcp

400 600 800 1000

—
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|0 events at the.... 15 pp % glumos T Squarks

T e
LHE) Y3005 ;

25 K
W‘) > 20 ~19TeV
LHCIOO (3000 fb'') ~

(VHE-LHC) L

0.
O 5 10 15 20 25 30 35
ﬁflg (TeV) (prospino NLO)

Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



|0 events at the....

LHAT8/ W20 Tb+)

LHQ)3\(30015) 25
WI) % 20
=
A 1
LHC100 (3000 fb-') —
(VHE-LHC) L
() MWWV
0\5 10 15 20 25 30 35

ATLAS-CONF-2012-109 (8 TeV 5.8fb™)

pp — glumos + Squarks
~16TeV *

N~ 19TV

ﬁ”lg (TeV) (prospino NLO)

Mg > 1.2 TeV 1, > 1.4 TeV
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arXiv: hep-ph/9709356
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arXiv: hep-ph/9709356
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arXiv: hep-ph/9709356

Consistent: £ D C1Gixq + Cobixb + CsGdxq
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I Simplified Models
Benchmark ::> + kinematic coverage

o \ + generality (recastin
Points g Y ( g)

+ extensibility (beyond the MSSM)
+ search optimization

>

Coverage
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SIMPLIFIED MODELS (II)

Complexity

UV scans
(CMSSM,

Benchmark
Points

)

Phenomenological
Scans (PMSSM, ...)

+ topology coverage
+ complementarity (DM, precision,...)

Simplified Models

+ kinematic coverage
::> + generality (recasting)

+ extensibility (beyond the MSSM)
+ search optimization

>

Coverage
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—

m
Farameter Scans:

see: http://lwww.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



Parameter Scans:

) (mg,my) plane :

myg Mg
500 GeV | | 500 GeV
629 GeV [ | 629 GeV
792 GeV [ | 792 GeV

T+l 101
mapy

until 0 < £~ (~ 1 ab)

ﬁLX =T X mLCP
z =00, 0.4,0.6,0.7,0.8,0.9

1
massless LSP compressed
g m— g —

lq lq
q =t q =3
5 A
X —

see: http://www.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
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Parameter Scans:

) (mg,my) plane :

myg Mg
500 GeV | | 500 GeV
629 GeV [ | 629 GeV
792 GeV [ | 792 GeV

T+l 101
mapy

until 0 < £~ (~ 1 ab)

’fhx =T X mLCP
z =00, 0.4,0.6,0.7,0.8,0.9

1
massless LSP compressed
g m— g —

lq lq
q =t q =3
5 A
X —

2) decoupled squarks (M, > my)

see: http://www.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
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—

m
Farameter Scans:

see: http://lwww.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



Parameter Scans:

|) decoupled gluinos (1mg > 1y, )

M,
= iy = (e, —my + 10 GeV)
629GeV |y m. . .
o2 Gev | ot = 10 z = 0.0,0.25,0.5,0.75, 1.0
until 0 < £~ (~ 1 ab)

see: http://www.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14



Parameter Scans:

|) decoupled gluinos (1mg > 1y, )

mtl

500 GeV

629 GeV

792 GeV

mX — Qj(mtl — My -+ 10 GGV)
s o r =0.0,0.25,0.5,0.75, 1.0

My,

until o < £71 (~ 1 ab)

2) decoupled stops (11g > My, > my)

Mg

500 GeV

629 GeV

792 GeV

- mx p— ZIZ(’rﬁ/g — th)
n—+ — 1070 T — 0070257057075

ez

until o < £71 (~ 1 ab)

see: http://www.stanford.edu/~timcohen/SimplifiedModelsForSnowmass.pdf
Kiel Howe, SLAC Workshop on Physics at a 100 TeV Collider 4/25/14




One-Step Cascade Decays

MASS

color fundamental

! ()
scalar (“Squark”) / ; W
G APPAS - X3

color octet Majorana
fermion (“Gluino™)

|Ql | KX
()

<

N

~ T
X electfoweak Majorana Myt = m>~<_|_ T (mg + mf()
fermion (“Wino”)
~ 113
r=—, =, =
_Q_X neutral Majorana 4’2’ 4

fermion (“LSP”)
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Heavy Flavor Simplified Models

Simplified model for “natural SUSY.”

Essig, lzaguirre, Kaplan, Wacker [arXiv:1110.6443]

Gluinos Squarks

Bg

£ mgt_[;

X X myo X

10 Topologies 3 Topologies

3 Free Parameters in Each Topology
2 Masses & Cross Section x BR
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ATLAS

ATLAS-CONF-2013-001 (stop - neutralino)
ATLAS-CONF-2012-165 (sbottom - neutralino)
ATLAS-CONF-2012-154 (chargino - neutralino - slepton)

ATLAS-CONF-2012-153 (gluino - slepton - chargino - neutralino with
R-Parity Violation)

ATL-PHYS-PUB-2012-004 (14 TeV High Luminosity Study!
stop - neutralino, gluino - squark - neutralino, ...)

CMS
CMS-PAS-SUS-12-028 (stop - neutralino)
CMS-PAS-SUS-12-026 (gluino - stop - neutralino and slepton - neutralino)
CMS-PAS-SUS-12-022 (chargino - neutralino - slepton)
CMS-PAS-SUS-12-018 (gluino - squark - neutralino - gravitino)
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