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Introduction

® | HC worked well and produced a lot of SUSY limits
® The limits are not generic and employ assumptions — cannot be applied to your model

® MSSM has more than |00 parameters — no way to calculate/visualise the generic limit

ATLAS Preliminary
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How to find the limit on your model?

ATLAS-CONF-2011-086

Signal Region >2jets >3 jets >4 jets
EMSS [GeV] >130 >130 > 130
Leading jet pt [GeV] > 130 > 130 > 130
Second jet pt [GeV] > 40 > 4() > 4()
Third jet pt [GeV] — > 40 > 40
Fourth jet pr [GeV] — — > 40
Ag(et, ER)min (1 = 1,2,3)| >04 >04 >04
E™SS [ meg >03 >025 >0.25
megr [GEV] > 1000 > 1000 > 1000
Signal Region
Process
> 2 jets > 3 jets > 4 jets

Prediction 12.1 +2.8 10.1 +£2.3 T73+1.7

Observed 10 8 7




How to find the limit on your model?
Signal Regions

ATLAS-CONF-2011-086 / \

Signal Region > 2 jets| = 3 jets| > 4 jets
EXS [GeV]

Leading jet pt [GeV]
Second jet pt [GeV]

Third jet pt [GeV]

Fourth jet pt [GeV]

Ag(et;, ER)min (i = 1,2,3)

ES [meg
megr |GEV | > 1000] > 1000} > 1000
Signal Region
Process
> 2 jets > 3 jets > 4 jets

Prediction 12.1 +2.8 10.1 +£2.3 T73+1.7
Observed 10 8 7




How to find the limit on your model?
Signal Regions

ATLAS-CONF-2011-086 / \

Signal Region > 2 jets| = 3 jets| > 4 jets
EXS [GeV]

Leading jet pt [GeV]
Second jet pt [GeV]

Third jet pt [GeV]

Fourth jet pt [GeV]

Ag(et;, ER)min (i = 1,2,3)

ES [meg
megr |GEV | > 1000] > 1000} > 1000
Signal Region
Process |
> 2jets > 3 jets > 4 jets

Prediction 12.1 + 2. 8 10.1 +£2.3 T73+1.7

B




How to find the limit on your model?

additional contribution from SUSY events

4 )
Nsusy = ..., 2, ...... 10, ... 7
- J/
Signal Region
Process |
> 3 jets > 4 jets
Predlctlon 10.1 +£2.3 7.3 +1.7

.




How to find the limit on your model?

N o1 excluded
SUSY — R(Z) '
N <1 alowed

95% CL upper limit

Process

Signal Region

Predlctlon

> 3 jets > 4 jets
10.1 £2.3 7.3+ 1.7
8 7




How to evaluate Nsysy ?

/ by Feynman diagram calc. (Prospino, NLLfast, ...)

(%)

(7) £ fixed
N, sUSY — €susy " 9SUSY Lint =



How to evaluate Nsysy ?

/ by Feynman diagram calc. (Prospino, NLLfast, ...)

( (,L.) )
Cqugy | OSUSY Lint

\. J

£ fixed

\ requires a chain of MC simulations

4 A

N(z) Events fall into
() SR\ Signal Region (i)

€ — lim
SUSY = gen.

\_ /




Chain of simulations

e ™\ SFECTEUM + DeCad INFO
Event generation — | (SLHA FILE}
(Herwig(++), MadGraph, Phythia, ...)
\_ /
}E VENT FILE (PARTOM LEUEL)
4 Detector simulation A
N (Delphes, PGS, ATOM, ..) y
\
ELENT FILE (DETECTUR LEUEL)
4 Efficiency estimation h
L (your own code, ATOM, ...) Y
» not easy for all theorists \

(i)
SUSY



Chain of simulations

N (Delphes, PGS, ATOM, ..)

e ™\ SFECTEUM + DeCad INFO
Event generation — | (SLHA FILE}
(Herwig(++), MadGraph, Phythia, ...)
\_ /
}E VEMT FILE (FPARTON LEUEL
A a few hours
4 Detector simulation A

/

\
EUEMT FILE <DETECTORE LEUEL)
4 Efficiency estimation h
L (your own code, ATOM, ...) Y

» not easy for all theorists

N\

) too time consuming for scans/fits

(i)
SUSY



A fast evaluation of Nsusy

* We propose a hew approach to estimate Nsusy

Key Idea: to reconstruct Nsyusy using simplitfied model processes



A fast evaluation of Nsusy

* We propose a hew approach to estimate Nsusy

Key Idea: to reconstruct Nsyusy using simplitfied model processes

‘N ot
Q/, N1
NQqu:Qqu ~~o
Q \g N1

_|_

NquNl :GqqN1

SUSY — T
NquNl:Qqu

_|_




A fast evaluation of Nsysy 2:5

* We propose a hew approach to estimate Nsusy

Key Idea: to reconstruct Nsyusy using simplitfied model processes

NQgN1:QaN1 - = €QgN1:QgN1(mQ, mN1) * 6QQ * BRQgN1:QqN1 * Lint
_|_
NquNl:quNl — ququququ(mG, mN1) * oGG * BRquNl:quNl * Lint

SUSY — T
NquNl:Qqu = &GqqN1:QgqN1(mQ, mG, mN1) * 6GQ ° BRquNl:Qqu * Lint

_|_



A fast evaluation of Nsysy 2:‘{
=9
N1 =X}
Efficiencies for simplified processes
depend only on a few mass parameters
NQgN1:QqNT = €QgN1:QgN1(mQ, mN1) * 6QQ * BRgN1:QqN1 * Lint
_|_
NquNl:quNl — ququququ(mG, mN1) * 6GG ° BRquNl:quNl * Lint

_|_

NGggN1:QqN1 = €GgaqN1:QgN1(mQ, mG, mN1) * 6G6Q * BRGggN1:QqN1 *

_|_



A fast evaluation of Nsusy 2:‘7

* Once one has the efficiency tables for the simplified model processes, N1 = y9
one can read off the efficiencies and re-assemble Nsusy of your model. :

no MC simulation is required !

NQgN1:QgN1 =
_|_

* 6QQ * BRogN1:Qgn1 ¢ Lint

(i) NquNl:quNl — * OGG ° BRquNl:quNl * Lint
(

Nspsy = +
NquNl:Qqu —

_I_

* 6GQ * BRGggN1:QgN1 * Lint




Xsec
0QQ, 0GG, 0QG

pre-calculated cross section tables

calculated by NLLfast

Prospino2.| is interfaced
for the EVWkino cross section

FastLim
()

<
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' | |
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|~
d
“‘.\ 4' e
U
\“ I
\

efficiency tables for the simplified processes
taken from ATLAS/CMS if available

otherwise calculated by MadGraph + ATOM




ATOM D. Neuenfeld, M. Papucci, A.Weiler
(Automated Testing Of Models)

ATOM: a program to calculate the efficiencies including detector effects

well validated and reliable

~ CMS gy Validation T1: ATOM/CMS, Region: 500<HT<800, 200<MHT<350
: A L=114m! CMS oo
- |2 ATOM - I
5 10 1N~
@ F 7 |
- 800 ]
>
21 EATOM / ECMS R b
B i__ y |
* R R ¥  WOF sl * \ 0.9\ *
0.0 0.5 1.0 1.5 — 600 0:2 |
ar % 1 1
O I 1
ATLAS 6-8 Jet Validation : 1 1 0.9
100 b Loisame ATLAS 2 * 00\ 09 |
§> : by ATOM 400 - 0.9 .
S 0.0 09 1
Q o 09 09
- 1: ':,_: ! i
z Sl 200 1 \ 1
= - - I 09 0,9 \1 |
L%) il I - 09 1 02 0.9 ]
10714 A I & U U S 11 1 1 08 1 .
0O 2 4 6 8 10 12 14 ' 0.9 NN W
MET / V Hy [GeV'?] 400 600 800 1000 1200

mgl [GeV]



Xsec
0QQ, 0GG, 0QG




‘ FastLim
ﬁ[masses] Ysac € )

. 0QQ, 0GG, 0QG




a{masses} Xsec

0QQ, 0GG, 0QG

simplified model generation

Process o * Br [{b]
QgNI1:QgNIl1 1.04
GqgN1:GqgNl1 0.98

GqgN1:QgN1 2.15




simplified model generation

Process o * Br [{b]
QgNI1:QgNIl1 1.04
GqgN1:GqgNl1 0.98
GqgN1:QgN1 2.15

FastLim
()

cut | Nsusy/NuL
SR(1) 1.04
SR(2) 0.98




, FastLim ~
()

interfaced with

[ RooStats ]

~
(0 - Br)g « Lint
simplified model generation y, useful for fits
Process c * Br[ib] ¢ N N statistical variables:
QqN1:QgN1 1.04 cu SUSYIRIUL Y CLs, CLs+, CL, ...
GqqN1:GqgNl1 0.938 SR(1) 1.04 0.04, 0.02, 0.5,...
GqqN1:QgN1 2.15 SR(2) 0.98 0.06, 0.05, 0.6,...




* A complete set of Q-G-N1| model (w/o top) has been implemented

4 )

QqgNN1 QgN1 GqgN1_GqgNl1 GqQgN1_ QqgNI GqQgN1_GgQqgN1

9 q
p @ K
G ———-—\ N1
Q _“‘/ N1
p @

- N1

= N1

GqqN1_QqgNI GqqN1_QqGgNl1 QqGqgqN1 QqGqqNl1 QqGqgNI_QgN1
q q

q T ¢

1 4
p p p
G G G
Q . Q . Q
-7 N1 J%e N1 Pl N1
N N1 >
Q
p
q
; q

N1

The other processes are missing » Reconstructed Nsusy is conservative



* Many analyses have been implemented (thanks to ATOM)

Name Ecm Short description
ATLAS 2011 _CONF_2011 086 Jets+MET at 7 TeV with 165pb”-1}.
ATLAS 2011 _CONF 2011 090 | lepton+jets+MET at 7 TeV with 165pb/{-1}.
ATLAS 2011 CONF 2011 098 bjets+MET+0L at 7 TeV with 830pb”{-1}.
ATLAS 2011 CONF 2011 126 Search for Anomalous Production of Prompt Like-sign Muon Pairs with 1.6 fb*-1}.
ATLAS 2011 CONF 2011 130 bjets+ | lept+jets+MET SUSY search at 7TeV with IfbM-1}

ATLAS 2011 S8970084

| lepton+jets+MET at 7 TeV with 35pb*-1}.

ATLAS 2011 S8983313

Jets+MET at 7 TeV with 35pbA{-1}.

ATLAS 2011 S90

1218

bjets+MET at 7 TeV with 35pbA{-1}.

ATLAS 2011 S9019553

SF lepton pairs SUSY search at 7 TeV with 35pb”{-1}.

ATLAS 2011 S9019561

2leptons+MET at 7TeV with 35pbA{-1}.

ATLAS 2011 59225137

multijet SUSY search at 7TeV

ATLAS 2012 CONF 2012 033

2-6 jets + MET SUSY search at 7TeV

CMS 2011 _S8932190 Jets+MET with alpha_T variable with 35pb*{-1}

CMS 2011 S8991847 OS dileptons at 7TeV with 35pb™{-1}

CMS _2011_S9036504 Same Sign dileptons at 7TeV in 35pb™ -1}
CMS_PAS SUS 10 005 HT,MHT susy search in jets+MET at 7 TeV with 35pb*{-1}.
CMS_PAS _SUS 10_009 razor analysis on jets+MET and |lepton+jets+MET at 7 TeV with 35pb”*{-1}.
CMS _PAS SUS 10 Ol alpha_T analysis on b jets+MET at 7 TeV with 35pb”*{-1}.
CMS PAS SUS |1 003 Jets+MET with alpha_T variable with |.1 fbA{-1}
CMS_PAS SUS 11 _0OI7 Search for New Physics in Events with a Z Boson and Missing Transverse Energy

ATLAS 2012 CONF 2012 109

2-6 jets + MET SUSY search at 8TeV

CMS_PAS SUS 12 028

IO N|ININININININ NI NN NN NN NN ININ (N

CMS 8 TeV analysis




FastLim

demonstration



Applications

Because FastLim contains a finite set of simplified processes, we would like to
check how well the code covers the interesting models:

e CMSSM
* NUHM
* natural SUSY
* spread SUSY



Coverage =

m, , [GeV]

CMSSM coverage

Z. o . [ 1mplemented
t ~ Y\ processes

Otot

CMSSM 8TeV: QGN1

800 100 %

90
600 70

60
500 50
400 *0

30
300 20

10
200 0

02040608 1 1214 16 1.8 2
m, [TeV]

Q=g
G =g
Cl =Xy
N2 = x5
N1 =X}

(only Q, G and N1 can appear in the process)
Q-G-N1 model

GttN|_QqGttNI|
GqqN1_QqGqqgN |
GttN|_QqgNI
GbbN|_GbbNI
GbbNI_QqGttNI
QqGttNI_QqgNI
GbbNI_GttNI|

QqGqqN1_QqGqgNI

GbbN|_ GqqgNI
GttN|1_QqGqgN

QqNI_QqNl

Gqa
Gq
Gq

Qa

gN
gN

_GttN|
_QqGbbNII

GbbN|_QgNI|

Gqg

gN

_GqqNl

GbbN1_QqGqqgNI
QqGbbN I _ QqGbbNI|
QqGttNI_ QqGttNI
GbbNI1_ QqgNI

GttN|_ GttN|
QqGbbNI1_ QqGttNI
QqGbbNI1_QqGqgNI
GqQgNI1_GqQqgNI
GqgNI|_QqGttNI
GttN|_QqGbbN
QqNI_QgN|
QqGqqNI_QgNI
GbbN1_ QqGbbNI
QqGqgNIl_ QqGttNI
GqgNIl_QgNI




Coverage =

m, , [GeV]

CMSSM coverage

Zi o; (implemented)
processes

Otot

CMSSM 8TeV: QGN1+GC1N1+QC1N1+C1N2N1

500

400

300

200

AN R N T N N T AT NN N N N T A B
02040608 1 1214 16 1.8 2
m, [TeV]

100%
90

80
70
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50
40
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p— Xi—
N2 = x5
N1 = x5

Q-G-N1 + G(Q)-CI-N1 + CI-N2-N1 model

GttN|l_QqGttNI|
GqqN1_QqGqgqNI
GttN|_QqgNI
GbbNI1_GbbNI|
GbbNI_ QqGttNI
QqGttNI_QgNI
GbbNI_ GttNI|

QqGqqNI1_QqGqqNI

GbbN|_ GqqgNI
GttNIl_QqGqgNI

QqNI_QqNI

Gaq
Gaq
Gaq

Qc

gN
gN

_GttN|
_QqGbbNII

GbbN|_QgNI|

(€Yo

gN

_GqqNl

GbbN1_QqGqqgNI
QqGbbN I _ QqGbbNI|
QqGttNI_ QqGttNI
GbbNI_QqgNI

GttN|_ GttN|
QqGbbNI|_ QqGttNI
QqGbbNI1_QqGqgNI
GqQqNI1_GqQqNI
GqqNIl_QqGttNI|
GttN|_QqGbbN
QqNI_QqgN]|
QqGqqNI_QqgN|
GbbNI1_QqGbbNI
QqGqgNIl_ QqGttNI
GqgN|_QqgNI

GqqCIwNI_GttNI|
GbtClwNI|_ GqqCIlwNI
GbbN | _ GqqCIwNI
GqqCIwNI_GqgNI
GbtCIwNI GttNI

GbbN|_GbtCIwN

GqqClwNI|_GqqCIlwNI

GbtClwNI_GqgN

GbtCIwNI|_ GbtClIwNI

QqCIwNI_QqgNI
QqCIwNI_ QgqCIwNI

C
C
C

wN
wN
wN

_N2zNI|
_CIwNI
~N2hON||



m, , [GeV]
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400

300

200

open

— W X7 suppressed

100%

(R R N T N N T M N T N Y S A A
1214 16 1.8 2
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I B
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400
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m, , [GeV]

CMSSM coverage

p— Xi—
_~0
N2 = X3
_~0
N1=Xx3
Q-G-CI-NI model is necessary => 4 dimensional
800 10076 < 800 100 %
()]
90 3 90
600 70 £ 200 —70
160 —{60
500 {50 500
—140
400 20 400
300 20 300
y 10
200 L L 0 2001 .
0204 0608 1 12 1.4 16 1.8 2 02040608 1 12 14 16 1.8 2

m, [TeV] my [TeV]



NUHM coverage

Non Universal Higgs Mass (NUHM) model
L =ma =3 mip

X7 — 7Tv open

qg — bb, open

m, , [GeV]

500

400

300

200

100 %
90
80
—70
—60
— 50
— 40
30
20
10
0
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02040608 1 1.2 14 16 1.8 2
m, [TeV]

°* § — tf)zg, bff{; not open due to large

o 4D Q-G-C1(N2)-N1 model 1s assumed



e After the null SUSY search results and ~125GeV Higgs discovery at the LHC,
natural SUSY and spread SUSY models become attractive

natural SUSY

® tension between fine tuning and null
SUSY search results is optimised

® the Higgs sector should be extended
to explain 125GeV Higgs mass, but
such extension may not alter the LHC
signatures

R.Kitano,Y.Nomura, 0602096
M.Papucci, J.T.Ruderman, A.Weiler, 1 1 10.6926

spread SUSY

® EW naturalness is removed from the
SUSY motivation

® no flavour/CP problem
® 125GeV Higgs mass is realised

® model building is simple

L.J.Hall, Y. Nomura, 1 111.4519

. M.Ibe, S.Matsumoto, T.T. Yanagida, 1202.2253

+  A.Arvanitakia, N.Craigb, S.Dimopoulosa, G.Villadoroc, 1210.0555
N.Arkani-Hamed, A.Gupta, D.E.Kaplan, N.Weiner, T. Zorawski,

1212.6971



e After the null SUSY search results and ~125GeV Higgs discovery at the LHC,
natural SUSY and spread SUSY models become attractive

IMass

~

h

0

79

~

h__

natural SUSY

accessible
at the LHC

-

\_

A few particles
participate the LHC
sighature

spread SUSY

IMass

accessible

— at the LHC

~

44




e After the null SUSY search results and ~125GeV Higgs discovery at the LHC,
natural SUSY and spread SUSY models become attractive

natural SUSY spread SUSY
G-N1 + G-T1(B1)-N1 model G-C1-N1 + C1-N2-N1 model
natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1 mG=1TeV ; spread SUSY 8TeV: GC1N1 + C1N2NT1 mG=1TeV
100 % E )
90 : gm |
, = 0.8

80 :

70 N2 is required
60 5

50

asymmetlric process,
30 GtTItNI|_GbBIbNI,
20 required (4D)

10 -

04 06 08 1 12 14 16 E 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
My, / Mg : M,/M,

good coverage can be achieved by a few sets of simplified models



simplified processes

Summary

* FastLim reconstructs Nsusy of a given model
from the efficiency tables for the simplified
processes and calculate the LHC constraints.

* A finite set of simplified processes are
implemented in FastLim, but it can provide

good coverage for interesting SUSY models:
CMSSM, NUHM, natural SUSY, spread SUSY

your favourite models



Nutrition Facts|

Serving Size 1 Can (325 mL)
Amased Pee Serviey o
Calories (En2rgy) 220  Fat Cal 25
£ % Dalty Valoe®
otal Fat 3gF 5%
Saturated Fat 1g. 5%
fansfat0p
Polyunsaturated Fat 0.59
Monounsaturated Fat 1.59
Cholesterol Sm 2%
Sodium 2209 9%
Potasslum 600ma 17%
Total Carbohydrate 40g 13%
Dietary Fiber 50 20%
Sugars 349

VitaminA _ 35% » VitamnC _ 100%
Caicium  40% o Irea  15%
Vizmin D 35% + VdaminE  100%

i W Vitzmin K 25% * Thamia  35%
ARTIFICIALLY el g Rbofavin _ 35% » Nacin  35%
FLAVORED U I 0| Vitamin BS 35% o+ Folate 30%

- —— -

10 = “  :' ' POl lodne  35% + Magnesum  35%
v, Zic 15% » Sewnum___25%

(2enl) B, e Healthy Fr %+ Chromium 5%

R v Ready Io Nohbdenum  35%

——— e e o

vitarmins [highin | 5% v
220(oror.-'es |24 g m.‘nero!sica ciovm {ar,‘rcc| Drink Meal *Percent Diady Valoes are based o 2 2,000 cakire Set

Thank you for listening




G-N1 + G-T1(B1)-N1 model

GbbN I _GbtNI
GbtN| _GqgNI
GqqN|I_GttNI|
GttN|_ GttN |
GbbN | _GbbNII
GbtN | _GbtNI
GbbNI_ GttNI|
GbtN | _ GttNI|

GbbN I _GqgN
GqgN|l_GqgN

GtT
GtT
GtT
GbB
GbB
GbB

bNI GtTItNI
tNI1_ GtTItNI

bNI GtTIbNI
bNI GbBItNI
tNI1_GbBItN|

bNI GbBIbNI

bN
bN
bN

natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1

Mg/ Mg

04 06 08 1

1.2

1.4

1.6

mG=1TeV
100 %

T

B

B

TIbNI_
TItNI_TItNI
B

-

My / Mg

tN |
bN |
tN |

tN1_BItNI
bNI_TIbNI

90
80
70
60
50

30
20
10

G-CI-N1 + C1-N2-N1 model

GbbN
GqgN
GbbN

_GbtNI|
_GttN|
_GbbNI
GbbN I _ GttNI
GqqN|I_GqgN |
GbtNI_GqqgNI|
GbbN|_ GqgNI|
GbtN|_ GbtNI|

GbbN
GqqC
GbtN

_ GbtCIwN
wNI_ GqgNI
_GqqCIwNI
GbtCIwNI_GqgNI
GbtCIwNI|_ GbtNI
GqqCIwNI_GqqCIiwNI
GbtCIwNI_ GbtClIwNI|
GbtClwNI|_ GqqCIlwNI

spread SUSY 8TeV: GC1N1 + C1N2NT1

™
= 0.9
N
= 0.8

N2 is required

asymmetric process,

GtTItN1_GbBIbNI,
required (4D)

GttN|_ GttN |

btN | GttN |
otCIwNI_GttN |
obN | GqqCIlwN

G
G
G

GqqCIlwN

C
C
C

wN
wN
wN

_GttN|
_CIwNI
_N2zNI|
_N2hON ||

mG=1TeV
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M/M,



m, , [GeV]
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CMSSM coverage ot
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)Z?%T v — 7Y} open

X7 — WTXY suppressed

CMSSI 8TeV: QGN1+GC1N1+QC1N1+C1N2N1
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Cl=x7
N2 = x5
N1 = x5

qg— ??1?5, Blb open

higgsinos make decay chains longer
BR is large due to the top Yukawa



