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Outline

- Higgs measurements:

- anomalous ttH coupling in ttH, tH] production

* Direct BSM searches:

- 8 TeV data: Interpretation of the results

- 13/14 TeV LHC: Wino searches in split SUSY
(Bino LSP case)

- a 100 TeV collider: Wino searches in split SUSY
(Higgino LSP case)



Introduction

e The LHC run 1 brought a lot of successes:

ne discovery of a Higgs boson
ne Higgs property measurements = SM-like
ne direct BSM searches — strong limits

e The LHC will resume collecting data with 13 TeV this year.

- New Higgs property measurements
- More direct BSM searches



e [he Higgs is observed in various decay modes.

Higgs decay modes

e The results are consistent with the SM.
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Higgs production modes

e Several Higgs production modes are measured.
e Some processes have not been well or at all observed: ttH, tH], bbH, HH
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Higgs production modes

e Several Higgs production modes are measured.
e Some processes have not been well or at all observed: ttH, tH], bbH, HH
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ttH and tHj productions

* The ttH production (0~130 fb @8TeV) is only poorly measured and the
tHj production (0~18 fb @8TeV) is not measured in the 7 and 8 TeV data.

e At the 13 TeV LHC the cross sections of these processes go up and they
become important physics targets at run 2 LHC.

e Observation of these production modes enable us to constrain the ttH
coupling.

T _ _
Lo = ——2(kytt + ikdyst)H SM: (s, 7)) = (1,0)
v !
CPV




Constraint on ttH coupling

e The ttH coupling is already constrained by the gluon-fusion Higgs
production and the Higgs decay into Yvy.
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Constraint on ttH coupling

e One can translate the constraint on (cg, cy) into (K;, ~K).
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e The CP phase T; is not well constrained.

J. Ellis, KS, D.S. Hwang, M. Takeuchi (1312.5736)



Cross sections

 How are the cross sections affected by the anomalous top-Higgs coupling?

pp — ttH pp — tHj (tHj)
) 4 !

interference

J. Ellis, KS, D.S. Hwang, M. Takeuchi (1312.5736)



Cross sections

 How are the cross sections affected by the anomalous top-Higgs coupling?

pp — ttH pp — tHj (tHj)
interference L
I : . ~H
Y, \_ ! T

o(tH+tH)/o(ttH)

e
<
T

-1

« For ¢ > 1.2, o(tHj) can become larger than o(ttH).

e The difference from the SM is a factor of 20 at the maximum.



Spin measurement in tHj

 In the diagram without ttH coupling the top is dominantly left-handed,
whereas it is right-handed in the diagram with ttH. Modification of ttH
coupling may affect the top polarisation measurement in tHj.

t (L)

interference

* The top polarisation can be measured by the angle of the lepton w.r.t the
top boost direction at the top rest frame.

1 dIYy 1
= —(1+P v
I'y dcos@y 2( + Pt cos 0y)

P; = +1 for pure right(left)-handed top



Spin measurement in tHj

S0.151 e tributi i j
- - %:A w41« The cosO; distribution but in the tHj rest frame
z—é « Some dependency of the CP phase
z 01£f
"""" * In SM the lepton prefers the opposite direction to

the top boost direction, whereas for { = /2, it
prefers the same direction.

* The asymmetry is an useful measure.

N(costy > 0) — N(cosby < 0)

A, =
. N(cosbfy > 0) + N(cosby < 0)

« tHj and tbarHj. The band is the statistic error
assuming 14 TeV LHC with 100 b

N AT N * (¢ > 0 and < 0 are not distinguishable.

J. Ellis, KS, D.S. Hwang, M. Takeuchi (1312.5736) 14 TeV Parton Level
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t rest frame

e The SM has a flat distribution => no CPV

« With { # 0, the lepton prefers a particular direction
depending on the sign of ¢.

Ay =

N(costy > 0) — N(cosfy < 0)

N(cosf; > 0) + N(cosfp < 0)

* (¢ > 0 and < 0 are distinguishable.

14 TeV, Parton Level



Spin Correlation in ttH

/AN
tt rest frame

spin correlation /
among the tops ) JANOYY,
/-

The sign is defined by the direction of the top.
This is important to capture the CP violation.
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Direct BSM searches



Supersymmetry

* A number of SUSY searches has been conducted: ~50 analyses
(including preliminary ones) using the 8 TeV data.



Supersymmetry

* A number of SUSY searches has been:.conducted: ~50 analyses
including preliminary ones) using the 8 TeV data.

ATLAS SUSY Searches*
Status: ICHEP 2014
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Supersymmetry

* A number of SUSY searches has been:.conducted: ~50 analyses
(including preliminary ones) using the 8 TeV data.

~g~g, ~g->qqNT1
~g~g, ~g->bbN1
~g~g, ~g->ttN1
~q~d, ~q->qNT1
~b~b, ~b->bN1
~b~b, ~b->tC1
~t~t, ~t->bC1
~t~t, ~t->tN1

Ci1N2, vial L >~<—|- >~<0
C1N2, via WZ 19A2

775 1350

‘Mass [GeV]




Supersymmetry

E.Halkiadakis, G.Redlinger, D.Shih (1411.1427)
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Supersymmetry

52252? production
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The actual limit is much more
complicated and depends on:

the LSP mass
the details of decay modes
other production modes

Wouldn't it be nice if there is a
program, in which you give a
SLHA file and press a button,
then you get the limits from
ATLAS and CMS analyses?



I-W Kim, M.Papucci, KS, A.Weiler

Atom
(Automated Tests Of Models)

* give HepMC event file

e compute constraints from ATLAS/CMS analyses

| Analysis | Signal Region | efficiency | Nvis |  Nvis/N95 | |

| =====s==ss=s=ssss=s==== Fmm pmm o pmm pmm -

| ATLAS_CONF_2013_035 | SRnoZa | 3.1904e-05 | 0.660413 | 0.0157994 | 0 | |
| ATLAS_CONF_2013_035 | SRnozZb | 6.38081e-05 | 1.32083 | ©.0733793 | 0 | |
| ATLAS_CONF_2013_035 | SRnoZc | 3.1904e-05 | 0.660413 | 0.0971196 | 0 | |
| ATLAS_CONF_2013_035 | SRZa | 9.57121e-05 | 1.98124 | 0.0236707 | 0 | |
| ATLAS_CONF_2013_035 | SRZc | 9.57121e-05 | 1.98124 | 0.304806 | 0 | |
| ATLAS_CONF_2013_037 | SRtN2 | 0.00185043 | 38.304 | 3.57981 | ® | <-—- excluded |
| ATLAS_CONF_2013_037 | SRtN3 | ©0.000638081 | 13.2083 | 1.55391 | ® | <-—- excluded |
| ATLAS_CONF_2013_037 | SRbCl | 0.0147078 | 304.451 | 3.65926 | ® | <-—- excluded |
| ATLAS_CONF_2013_037 | SRbC2 | 0.00360516 | 74.6267 | 3.82701 | ® | <-—- excluded |
| ATLAS_CONF_2013_037 | SRbC3 | ©.0015952 | 33.0207 | 4.34483 | ® | <--- excluded |
| ATLAS_CONF_2013_053 | SRA mCT150 | 0.00194615 | 39.1175 | 1.02941 | ® | <-—- excluded |
| ATLAS_CONF_2013_053 | SRA mCT200 | 0.00146759 | 29.4985 | 1.13456 | ® | <-—- excluded |
| ATLAS_CONF_2013_053 | SRA mCT250 | ©0.000861409 | 17.3143 | 1.92381 | ® | <-—- excluded |
| ATLAS_CONF_2013_6053 | SRA mCT300 | ©0.000350944 | 7.05398 | 0.940531 | 0 | |
| ATIAS CONF 2A12 A52 | SRA mCT350 | 2.19M4e-05 | ©0.6841271 | 0.123221 | a | |



How does it work?

ATLAS-CONF-2011-086
EXs [GeV] >130 >130 > 130
Leading jet pr [GeV] > 130 > 130 > 130
Second jet pt [GeV] > 40 > 40 > 40
Third jet pt [GeV] - >40 > 40
Fourth jet pt [GeV] — — > 40
Ag(jet;, E)min (i = 1,2,3)| >04 >04 >04

EXS [meg >03 >025 >025
Mefr [GeV] > 1000 > 1000 > 1000

Signal Region

Process _
SM prediction | 12.1 +£2.8 10.1 +£2.3 73 +1.7
Comens |0 | & | 1

4.95




How does it work?

ATLAS-CONF-2011-086
EXs [GeV] >130 >130 > 130
Leading jet pr [GeV] > 130 > 130 > 130
Second jet pt [GeV] > 40 > 40 > 40
Third jet pt [GeV] - >40 > 40
Fourth jet pt [GeV] — — > 40
Ag(jet;, E)min (i = 1,2,3)| >04 >04 >04
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Result



How does it work?

ATLAS-CONF-2011-086

Interpretation

EIFiSS [GCV] > 130 > 130 > 130 MSUGRA/CMSSM: tanB =;jO, AVO= 0, u>0
ATLA Prehmlnary \\":\,“ m—— Observed 95% C.L. limit

Leading jet pr [GeV] > 130 > 130 > 130 0 lepton 2011 combined == Median expected limit

. L™ = 165 pb ' \s=7 TV, CL, Observed 95 % C.L. limit
Second Jet pT [GeV] > 40 > 40 > 40 \'\"'\"\'~—~\‘\;‘;\,A\\_\7\7‘ CL, Median expected limit
Third jet pr [GeV] — >40  >40 & % Reeeepn

—— 2010 data PCL 95% C.L. limit

Fourth jet pt [GeV] — — > 40 SN }‘{f\;\;‘\-\;\__\\:‘}.\»‘\»‘ CMS 2010 Razor,Jets/MHT
AgGiet;, ET)min (1 =1,2,3)| >04 >04 >04 A\ ‘uroo0) [ LEP 25,
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E{Fniss | Met >03 >025 >0.25 - CDF 53, tan=5, <0, 2 o'
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Signal Region

Nyan 5.77 4.95 5.77
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Result



How does it work?

ATLAS-CONF-2011-086

EXs [GeV] 130 >130 > 130
Leading jet pr [GeV] > 130 > 130 > 130
Second jet pt [GeV] > 40 > 40 > 40
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Interpretation
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How does it work?

ATLAS-CONF-2011-086

any interpretation is possible

EXs [GeV] >130 >130 > 130

Leading jet pr [GeV] >130 >130 > 130 , GMSB (Mmess, /\)

Second jet pt [GeV] > 40 > 40 > 40

Third jet pr [GeV] _ 540 > 40 AMSB (Mo, May2)
Fourth jet pr [GeV] - - =9 < gluino simp. model

Ag(jet;, E)min (i = 1,2,3)| >04 >04 >04 .
IS g >03 >025 >025 stop simp. model

megr [GEV] > 1000 > 1000 > 1000 LI’[’[|6

Iggs Model

Signal Region

Process _
|
SM prediction | 12.1 +£2.8 10.1 +£2.3 73 +1.7

Comenes | 0 | s | 1

Nyaar 5.77 4.95 5.77

Result



I-W Kim, M.Papucci, KS, A.Weiler

Atom

e Estimate Ngsm for various SRs and confront Nesm with Ny
(a) (a)z. . = ey
Ny, €—> Npgy = €psm ' 9BsM - £

database of exp. results: N( Bt e )

NuL, Nobs, Nsys, Nsmse (ol signal region
epdy = lim

NMC—>OO NMC

database of ATLAS and CMS
analyses: the selection cuts used In
the analyses are implemented.

The effect of detector resolution Is
taken into account.
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Modelling Detector Effects

(1) reconstruct jets, MET, iso-leptons from truth level particles (not from
detector cells)

(2) smear the reco-objects according to detector resolutions, apply reco
efficiencies (lepton acceptances, b and 1 tagging eff.)

momentum
smearing

CMS Simulation

reco-efficiency

Z—¢e'e
-~ CMS
— Atom smearing ON

—
o
(]
o

>
0
c
2
Q
=
L

---- Atom smearing OFF

>
O
O]
o
h
~
2
e
o
>
L

Y Combined effective resolution
A\ ECAL effective resolution

W rracker ettective resolution

i | <2.47
% I 2012 Loose

.COmbhod gaussian resolution

b ATLAS Preliminary = Whiiooion

T=1 Medium

_[Ldt=20.3fb'1 v Tight
5=8TeVZoee ° VeryTightLLH
| 10 20 30 40 50 60 70 80 90 100

E; [GeV]

10 20 30 40 50 60 70 80 90

E [GeV]

[~ P,

100 110 120
M(e'e) [GeV]
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Validation

* The approach works surprisingly well.

2013-053: 0L 2b 2012-109: OL 2-6J
ST . 2013-047: OL 2-6]

My, =mg —mp

800 1000 1200 1400

700 800 400 600 800 1000 1200 1400

m;[GeV]
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FiIH'ing Excesses K.Sakurai, J. Tattersall

(1406.0858)

Study SR
e ATLAS and CMS have observed
ATLAS WHW ™ (7 TeV) [5] Combined | 1325 1219487 1. excesses in some of the SRs.

Cms WHW~= (7 TeV) [7] Combined 3 1076 £ 62 0.8-0 PY We f|t ’[he excess Using Checkma[’e
Cms WHW ™ (8 TeV) [6] Combined 986 £ 60 1.8 and Atom taking the relevant

ATLAS Higgs WW CR | 3297 3110+186 0. constraints into account.
27] Higgs SR | 3615 3288 + 220 .
e The following processes are

ATLAS ¢ and g Di-muon

(1-2 0) [23] | ) included in the scan:

ATLAS Electroweak SROra0l 36 23 + 4

= e e
(3 £) [24] SRO7a06 3 66419 1 pp — tity : 6y — DWW RS (via x7)

I ~+ 2R W(*)X?

Description Luminosity | Number | Refs. p p a0 X I Xl
[ fb~1] of SR

ATLAs WHW— : [arXiv:1210.2979] pp — X1 X2 - Xg =7 Z(*) X(lj
CMs WHW - . [arXiv:1306.1126]

Cms WHW~ : [arXiv:1301.4698]

AtrAs Higgs . [ATLAS-CONF-2013-031]

ATLAS Electroweak (2 /) . [arXiv:1403.5294]

ATLAS G and § (1-2 £) . ) | [ATLAS-CONF-2013-062]

ATLAS ¢ and § razor (2 /) . [ATLAS-CONF-2013-089]

ATrAS Electroweak (3 ¢) . [arXiv:1402.7029]

ATLAS t (1 4) : [ATLAS-CONF-2013-037]
ATLAS t (2 4) : [arXiv:1403.4853]

Cms W*ZY : [CMS-PAS-12-006]
Atras W*Z0 : [ATLAS-CONF-2013-021]
ATLAS t — by, Ty : [ATLAS-CONF-2014-014]
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m; — TGeV F“"I.i n g Excesses K.Sakurai, J.Tattersall

(1406.0858)

Combined

— Di-lepton EW search
Stop search 1000.00
nin - Tri-lepton EW search

Best fit point:

= 2127132 GeV

= 150757 GeV

Neutralino Mass (GeV)

200 220 240 260 280 300
Stop Mass (GeV)

Study S Obs Exp Best
fit exp

ATLas WHW~ (7T TeV) |5/ Combined 1325 1219 & 87

Cms WHW~— (7 TeV) (7] Combined 1134 1076 = 62

CMs WHW= (8 TeV) [6]  Combined 1111 986 + 60

ATLAS Higgs WW CR 3297 3110+ 186 | 0.9-0 374 | 0.9-0
127] Higes SRR 3615 3288 £ 220 | 1.4-0 o01 0.6-0
2.5-0 1.2-0

ATLAS g and ¢ Di-muon 7 1.7+ 1 y
(1-2 ¢) [23]

ATLAS Electroweak SROra01 36 23 +4 | 2. 2.8 1.6-0
(3 £) [24] SROra06 6.6 £1.9 | 1.9-c 5| 14-0




A tast model testing method

» Jesting model points by MC simulation is time consuming.

a

A

©cecccccccccccccccs each point requires MC simulations

\\

o

We need a fast model testing method.
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dominantly depends on BSM particle masses
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cross section tables efficiency tables

mQ mg O mG N1 €

300 300 87.94 300 0 0.12
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F as t l im Zeune 1402.0492

cross section tables efficiency tables
I [ oo
300 0 0.12

300 300 87.94
Q350 34.98 II"

topologies
Z (0-BR); X e iy, = (&)
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information on SRs: N[(ﬁ?, NS(KZ, ng’i
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Papucci, KS, Weiler,

F as t l im Zeune 1402.0492

cross section tables efficiency tables

g e [ mes ‘| e ©
300 300 87.94 300 0 0.12
) 350 34.98 II 0.09

topologles

(a) a
Y (0-BR)ix "% Ling = N,

)
—
-
Y
<
an
H
0

(/

—iE

information on SRs: N[(ﬁ?, NS(E\% N

obs

No MC sim. required output: N\, /N cL®



http://fastlim.web.cern.ch/fastlim/

&~ C fn fastlim.web.cern.ch/fastlim

2" Apps ™M Gmail  *® Maps

by:

w HEP | Yahoo!

ld Physics Ll TV | Transport

Fastlim

Michele Papucci, Kazuki Sakurai, Andreas Weiler and Lisa Zeune

Fastlim is a fast LHC limit calculator for BSM models. Fastlim takes a SLHA model file as input and calculates
conservative limits on a given model from various direct LHC searches.

Downloads

Additional efficiency maps are currently prepared and will be added to future releases.

download

» fastlim-1.0.tar.gz (4/2/2014)

% kazuki

Ecm Total
8TeV 20.234fb
WOrks —
Analysis

ATLAS_CONF_2013_024
no headache of |.rias conr 2013 024

i : " ATLAS_CONF_2013_024
make install ATLAS._CONF_2013_035

ATLAS CONF 2013 @35

__________ Cross Section
Implemented
20.23fb

% in ~/fastlim-1.0
give SLHA —> § ./fastlim.py slha_files/testspectrum.slhal

Coverage

0.6946
1.5321
1.1153
0.0000
A . 3000

0.1218

0.0144

E/TeV
SR1: MET > 200:
SR2: MET > 300:
SR3: MET > 350:
SRnoZa:
SRnoZb:

Exclude
Exclude


http://fastlim.web.cern.ch/fastlim/

Limit on Natural SUSY

e Light stop, sbottom and Higgsinos (charginos, neutralinos).

u=100GeV, Mo, = My,

ATLAS_CONF_2013_024
ATLAS_CONF_2013_047 ATLAS_CONF_2013_093
ATLAS _CONF_2013 (53 ATLAS_CONF_2013_054

200+ Charged LSP

—2000 —1000 ' 1000 2000

e Distance from the origin is sensitive to the fine-tuning

3?2 A
S N e A )

Am2s, ~ —
Ho 2 My



BSM searches
Prospect



tanf3
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my, = 126 GeV
68,95,99% CL

10° 104 100 10 107 10® 10° 10%

scalar mass [GeV]

Where to look at?

G.Giudice, A.Strumia (1108.6077)
30 1AL [T TTTTI [T TTTTm T T TTTTI [T TTTT [T TTTTm [T TTTTm [T TTTT

e The measured Higgs mass (~125GeV) may
indicate that scalars are heavy.

e This assumption is consistent with other
measurements: FCNC, CPV, direct SUSY
searches, etc..

e Gauginos (Higgsinos) can still be light.
— good for gauge coupling unification.

® |n concrete models, gaugino masses are
often loop suppressed compared to the
scalar mass. Split SUSY

e Among the gauginos, gluinos often become
the heaviest due to its colour charge.
eg. Mzs: Mo M1 =7:2:1.

e \Wino, Bino (or Higginos) can be accessible
at the LHC.



Wino cross section

— ~+ _ ~+ — ~+
q X1 q X1 q X1
T~ T
| ~
1 4
q %9 4 xFo X2 (X7)

LHC(14TeV), My = 350 GeV, M; = 100 GeV, pt = my

300
250! —— tan(G =2 o
- - - tanB3=50 X2 X1 |
X1 X1
05 1 5 10 T30

A.Papaefstathiou, KS, M.Takeuchi (1404.1077)



Wino cross section

LHC(14TeV), M3 : My : My =7:2:1,up=mgz = 3TeV

m; [TeV]

1074 L

- | | | | | ]
100 200 300 400 500 600 700 800
M, [GeV]

The chargino-neutralino production exceeds the gluino
production at M2 ~ 300 GeV.

A.Papaefstathiou, KS, M.Takeuchi (1404.1077)



Wino — Bino decay

The chargino decay is unique: ¥© — W*x? (100%)

There are two possible decays from x9: X9 — Ax}, ZX)

H'eV Hl|ys D HDH, H\h, H>

TN TN Wm0 g B
y 7

eMmy , My + Mo e mQZ

Co50n| 2Tl 2sin2f + 0 ‘ |O>~<(1’>~<32| = 2 |ul?

A.Papaefstathiou, KS, M.Takeuchi (1404.1077)



Wino — Bino decay

C e mQZ
Croxgzl = 2 uf’
e my , My + Mo
‘C)Z(l)f(gh| = 5 | | ‘2 S 26 + )
H M
Q> N\ u >0
' ' [
0.I 1.0k -
: 20 05 ----- :
™
g
T
. [0 S5 0.1f .
C=0msl ——— i At [ — tanf=2 ]
- 0I=8ust 1€0.0 0.05- . tanB=10
0¢=0m83 —— —— tanB=50
| VoD 00I= M — M, =100 GeV |
VoD I= L . __ __. M, =1GeV
| . | . . . e .AIO-O 001* R . . . | o . | 7
0]3 OI c I c.0 0.5 1 5 10 30
[VoT] |u |p| [TeV]

The neutralino2 decays into Higgs predominantly (except for
the cancellation region)

A.Papaefstathiou, KS, M.Takeuchi (1404.1077)



h—TT mode

* In the split SUSY with large pu-term, we have

~+ ~

P — X1 X3 — WEXThXY

» We consider W+ — (v, h — 77

channel

« The BR is small (BR(h—1t) = 6.3%10?), but the
ttbar background can be controlled by b-jet veto

and the requirement of 7s.

sample

Tinitial (fb)
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Mmin for WZ background ¢==«

— collinear approx. —

> Pr+ =Dp1 /G Dr— = Pp, /b,
Pv; = (1/& — 1)pp17 Pvy = (1/b - 1)p027

a, b, p, : 5 unknowns

x y oo :
Mz, MW, Pmiss> Prmiss - 4 constraints

l

Wz T W hy the system can be parametrised by a single
parameter 6

Arbitrary Unit

¢ \We define Mmin SO that it minimises the total
energy in terms of 6.

E | Mmin — H191I1 [va(ﬁ)]

500 300 400 500 600 700 . 800 .
M . (GeV) Mi%lv<9) — [pe +pu(9) +pi(0) + p (9)]2

A.Papaefstathiou, KS, M.Takeuchi (1404.1077)
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region 1
region 2
region 3
region 4
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region 7

Result

exclusion regions (3000 fb!, 14 TeV)

200

300

variable SR1 SR2 SR3 SR4 SR5 SR6 SR7
pT 95 GeV 120 GeV 100 GeV 90 GeV 90 GeV 150 GeV 90 GeV
M in 235 GeV 270 GeV 220 GeV 220 GeV 300 GeV 240 GeV 200 GeV
DPT,rr 20 GeV 80 GeV 20 GeV 50 GeV 20 GeV 20 GeV 20 GeV
AR,,  (0.1,2.9) (0.1,2.9) (0.1,2.9) (0.1,2.9) (0.1,2.9) (0.1,2.9) (0.1,2.9)
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A.Papaefstathiou, KS, M.Takeuchi (1404.1077)
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Chargino-Neutralino
at a 100TeV pp collider



Wino, Higgsino cross section
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B.Acharya, K.Bozek, C.Pongkitivanichkul KS (1410.1532)



Wino — Higgsino decay

 In Higgsino LSP case, both chagino and neutralino can decay to W, Z and 4.
W+ > W*TH, ZH* hHT* W° > WTHT ZH° hH°

» The decay rates are related through the Goldstone equivalence theorem.

~

|44 H |44 H |44 H

¢
¢

b G/ 20w



Wino — Higgsino decay

(0.5 — WEHO (05 — WEHT

BR(W*) ~ { 025 — hH* BR(WY) ~ < 0.25 — hH
| 0.25 — ZH* 025 — ZH"

1.0 ' ! ! ! ! ! 1.0 :
OGN W E R S
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B.Acharya, K.Bozek, C.Pongkitivanichkul KS (1410.1532)



3 lepton channel in WZ mode

5 events with 3000 fb—1!

3 leptons, WZ mode

[fo]

510

1072

107

3 35 4 45
M, [TeV]

B.Acharya, K.Bozek, C.Pongkitivanichkul KS (1410.1532)



Distributions
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Event selection

< preselection
e exactly three isolated leptons with pr > 10 GeV and |n| < 2.5
e a same-flavour opposite-sign (SFOS) lepton pair with [mjF©% — mz| < 10 GeV

e no b-tagged jet

< signal regions

Signal Region | 3 lepton pr [GeV] | EFSS [GeV] | mr [GeV]
Loose > 100, 50, 10 > 150 > 150
Medium > 250, 150, 50 > 390 > 300
Tight > 400, 200, 75 > 800 > 1100




Cut-flow

e Cut-flows for the signal and background processes in b

Process No cut | = 3 lepton |m§£F OS5 _my| < 10 | no-b jet
VvV 3025348 2487 2338 2176
ttV 220161 792 552 318
tV 2764638 68.9 6.07 4.12
VVV 36276 76.1 56.2 56.2
BG total 6046422 3424 2952 2554
(Ma, 1v) = (800, 200) 1.640 0.588 0.565 0.534
(Mo, ) = (1200,200) | 0.397 0.124 0.119 0.111
(Ma, n) = (1800,200) | 0.0863 0.0190 0.0179 0.0170
Process p% > (400,200, 75) | EWiss > 800 | mp > 1100 | S/vB
VV 5.65 0.123 0.00166
ttV 1.03 0.0056 0.00092
tV 0.015 0.0001 0
VVV 0.350 0.0109 0.00153
BG total 7.05 0.140 0.00411
(Mo, 1) = (800, 200) 0.0460 0.0020 0.0012 1.00
(Mo, 1) = (1200, 200) 0.0238 0.0070 0.0052 1.45
(Ms, 1) = (1800, 200) 0.0053 0.0031 0.0026 2.22
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Summary

* The LHC will resume with 13 TeV CoM energy and the exciting
time will start.

* It opens up new measurements of Higgs bosons:
e.g. ttH, tH) productions

* The BSM direct searches: important to understand how to
interpret the results.

* Split SUSY Is an interesting scenario after LHC runl. Light
gauginos may show up at 13 TeV LHC.
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o AR,.x: the distance to the track furthest away from the jet axis.

e f.ore: the fraction of the total jet energy contained in the centre-most cone defined
by AR < 0.1.

o ARmax < 0.05.

e foore > 0.95.
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Figure 9. The distributions of ARsrog, the distance between the SFOS lepton pair, (a) after
preselection cuts, (b) after additional cuts: EX > 500 GeV and mpr > 200 GeV. For both plots,
detector simulation has been done by Delphes 3 using the same detector setup as the one used in

Snowmass samples but with R = 0.05.



Process No cut | = 3 lepton |m§€FOS —mygz| < 10 | no-b jet
VV 3025348 2487 2338 2176
ttV 220161 792 552 318
tV 2764638 68.9 6.07 4.12
VVV 36276 76.1 56.2 56.2
BG total 6046422 3424 2952 2554
(Ma, ) = (800, 200) 1.640 0.588 0.565 0.534
(Mo, ) = (1200,200) | 0.397 0.124 0.119 0.111
(M, 1) = (1800, 200) | 0.0863 0.0190 0.0179 0.0170

Table 3. The (visible) cross sections (in fb) for the cuts employed in the preselection. The column
marked ”No cut” shows the cross sections for the background processes (defined in Table 1) and
the cross section times branching ratio into 3 leptons via W Z for signal benchmark points.

Process p% > (400,200,75) | E®sS > 800 | my > 1100 || S/vB
vV 5.65 0.123 0.00166
AY 1.03 0.0056 0.00092
tV 0.015 0.0001 0
VVV 0.350 0.0109 0.00153
BG total 7.05 0.140 0.00411
(Ma, i) = (800, 200) 0.0460 0.0020 0.0012 1.00
(My, i) = (1200, 200) 0.0238 0.0070 0.0052 4.45
(Ma, 1) = (1800, 200) 0.0053 0.0031 0.0026 2.22

Table 6. The visible cross sections (in fb) used in the Tight signal region. The last column shows
S/ v B assuming the 3000 fb~! luminosity for different benchmark points.
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Figure 14. The exclusion on the M5-M; plane obtained for the signal regions defined in Table 4

at integrated luminosities of 100 fb~! (upper left), 300 fb~! (upper right) and 3000 fb~! (bottom).
The solid curves show the 20 exclusion boundary, whereas the dashed curves show the 30 boundary.
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