THE UNIVERSITY OF TOKYO EXPERIMENT

SUSY R38R

L REK ¥ ATLAS

PR 0L SUSYMHIR
(REAY ICEPP) 202

2016F9H5H Bt =
TEPKF BELEYIIEFAZTRA




=P/

1. SUSYIEZR@LHCON-T >
2. ICHEP 2016(DFEER
-OIA — R
- A MY TER
3. X &S

20165F985H EWftAERA



w
o

LHC-ATLAS

wl—'_' | [ I [ [ [ [ 1I_l—l C T T T T T T T T ]
=) - ATLAS Online Luminosity ] 2 25— ATLAS Online Luminosity fs=13TeV ]
*%: 25— 2011pp Vs=7TeV — = - [] LHC Delivered
o | =———2012pp Vs=8TeV a B
£ . ——2015pp (5=13Tev 2 20 []ATLAS Recorded -
3 20;_ — 2016pp Vs=13TeV B E T Total Delivered: 19.2 fb™ €
o ¢ _ Total Recorded: 17.5 fb” ff
o T 15
o 15 — ] 9 -
> C © B
= C o) - - — Vi=|
- 1B o 7TATEETICHE !
L — ~ —
: s [ T—H%ZER
s ] o - 7
- = 5 —
0: L L 1 ﬁg*ﬁ((_g DT_ . 10~|15 fb-]' ]
A o' N oct 21/04 23/05 25/06 28/07

Month in Year

® ICHEP 201685 [CARNERBRZEELUET

> LHC(7 RT3, BV DDA —F,
» T —SEUS U TH52BE(RE LB SRV CRIRERZ
g DHMEER

> HEAT (S

SE

(X ?)FE THLVED susyldisDE

Day in 2016

=t

20165F985H EWftAERA



BXPRE (Susy)

EXE : JTIVEAS ERY & HE—

oA—0 [ B=SRYS RUA—0 (B .
VW)U i)8) V@

~

a)s b (8 @ 33 B (B
WERwE Q@ -
Qe w  Ge® W

Bino
Wino

lllllllllllllll
>

~0
r Y1234

2 Higgsino _

Lightest SUSY Particle(LSP)E

> ERNGEES

Why SUSY ?
» ERYIEORMEHZRFD

oo — |

» EwIREE
» Ki—I8:G (B

125 GeV (MSSMDF = < ~13

0 GeV)

S NS 1AVANIE: (RVAI) s

20165F985H EWftAERA



xS, ?

AROA=D H—3—)
i)¢) 1)@

)% b8 @
SAEAR ARG N

@ mE e

ALT LY EYIRS—J

fhDERAFER DS DRIENSMIHHEUX2T LHY?
LHCHMaIDMEEHY?

20165F985H EWftAERA



Dark Matter

® Lightest SUSY Particle (LSP)h*DM{&H

»(BW H)h\/tbb’)_c ==

5 ﬁ JRRS

2 UDEESTOMOXREZEHNE

-

Eﬁ JTL‘O 12 (Planck)

- "l W-like LSP -

7ATLAS _ . [MB-likeLSP

 After ATLAS Run 1 l I"Tl-lik? LSP
10° 10°

m(x,) [GeV]

R

/
Bt

~0 ~ 4
Z1,2,3,4’Z1,2)

BNASETWNEE

FHAHEX DZ < IBRWLZ&

(C(E. LSPIE 0(0.1-1) Tev

(Cp Do

EWS —=—

JI38gE€D?

20165F985H EWftAERA



EvOXBEEHSDRE
® MSSMTEWV I REE%&125 GeVICT BICIE,

OQRAMYITEBEEZARETLLTS JHEP04(2012)131

[ Heavy scalar SUSY] - MSSMHiggs Mass |
>A DT A —T(FEL) 140; f
> T—S— ) IRENBE _ 130 = 2416 Gev X — ﬁm‘

@AY IT-BEwVIR3m g0
EEERELLITBRET g
ARV TEBRLLTES, 100

Suspect

. . : FeynHiggs
[Maximal mlxmog] "0 300 500 7007 1000 15002000 3000
>BEVWAbMYD m; [GeV]
(@ NMSSMEDH E(TH'H D) X¢ = Ay — ucotp
Y=t )

J—S—J). AMNYITERHLEE

201659858 EHIfftfES 7


http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP04(2012)131&v=dfb17336

SUSYRIFEM@LHC

® LHCC(EColored SUSYDRIGEREIFED K ZLNI AL —), R T A—D)
» SUSYRIFIIXTERNRTIESBND (R- parityﬁﬁ) R = (—1)25+3(6-1)
susvﬂ:\:?r&r“&ﬁﬁig@mc 13 TeV

T T T 4 e
. rpb] pp — S %%
ggfliﬂ?. Vs=13 TeV 7

>'j't'.E' --jgzm NLCHNLL

>EWS' —I—_) "jiﬂlz ik LA .
3 15 > %Eﬁbﬂ_@logz"‘?b‘%
o 3 » BIRAY /R IERATERE: O(10) fb
Wt 1 for 1.5 TeV (88 ) /900 GeV( it)
10 45 1 > Run2(~10 fb'l(DF—4~)TT
10 Ll

500 1000 1500 2000 2500 3000 '35[:-[:- 100 eventiZ2E @ 13 TeV
" T NERETIRITS !

201659858 EHIfftfES S



SUSY RITFRRIRIATE @ LHC

@ EVIIWA—J [|RDA—D K DBEVRIFNEER
BRI TRSUSYIRTE

o max(g.q) $
- jet
= =~ -~ - e L ,“-..0
= min(g,q) LI

P q i =
Case1 Case?2 et 3| =
Leptons uh 0 X jet [y
2 . miss F —
:9%5w)jet + 7(373 E; +b-jets %0 e ¥ y Cepton ()Y
IVILSF‘ Photon (y)

1561 (SUSYERZRDIRA > )
@ FRIRRE(CZEADjet EANETTRE, M5 jet EEsSHIEEE

@ 1E8(Emissing 2D CE—DOZ/ESIAV. DDT1ILICHIR
@ kinematics(IBZAIFDEEZE(AM) (KT
SUSYICHHEUTEIRZEDRE (AIR—H5OQQ@D XA M)

20165F985H EWftAERA



@ E,™ss PileupXY5R

O SUSYIRZE TIIE mssHIFED EE
» [ #kBI&NJzobjects] & [Soft term] D negative vector sum
» BB (LPileup(C K DresolutionDEAL 2521 U f=Object & B85E&

DIF SR rack

™ N N7 4— =o'o

georon] /N FUIZ0DOTEERTE

o = - 4 3

- r ATLA | =1 T V L = 1f 3

e 2 S Online, Vs=13 Te |Ldt=8.1 b E

S T0E B 2015 <pu>=13.7 —

Tau g 60 0 2016:<u>=211 =

‘€ B Total: <u>=17.4 4

Jet E 50 m <p> E
— C
T 400
Muon g -
S 30
f 3w
+ soft term 20
10

e up DR EE LN Y 2B B

. coft term 7 FEE 201591 EER E pifeuplig X
- Calorimeter-based method (CST) = CST E;™ss (Runl)
- track-based method (TST) = TST E,™ss (Run2 PileupXd45R)

20165F985H EWftAERA 10



ﬁ 08 ? v \s=13Tev = CST E'“'ss =
B 0.6~ 2 W 25ns o TSTEP™® é
« %4 s alljets + Track E,';"ss E
= 02k a o ]
é — 2 * .”' E
L e i e |
g 02- =
ot c oy, ]
ELUI— 0.4 E A A-A-A-.‘-\-A'-A-Axk.‘.. AdedehodeseAndny pokeds 3
W osf act
0.8 ATLAS Simulation Preliminary E
Lot b b by e w1yl

@ E miss <

AITE 1ERES

{ih

® Performance LGB

> Calorimeter-based method (CST) => CST E;™*s (Run1)

» Track-based method (TST)
W->,quJE m'sswﬁﬁﬂﬁﬁ

ST IR I I
-b 20 40 60 80 100 120 140 160 180 200

E_In_wlss, True [GGV]

TST E,™ss DD AREE (L
TR0

Run2 TIETST E,miss ZHE

ET"S E™* Resolution

[GeV]

y

45§— \s= 13 TeV CST ErrlISS =
40 Z—>pup 25ns * TST E'Tmss —2
35 alljets + Track ET™*® .
25F- - =
5 [y -I-'.'-.-.-.:.- -.-'.'-t,
20E o JOUES ol
E _._-.- _.__._-o—"' =
15 F = R, o =
10" =
SE ATLAS Simulation Preliminary
S T SN T AN SN S S IS S [N T ST S SN [N ST N M N SO T
% 5 10 15 20 25 30
Npy

TSTC(IPileupkiF = LN

iJ

TST ET“,E;”‘“ RMS [GeV]

SO\III‘I\Ill\\III\I\lII\IIII\

20

> TST E;™ (Run2 Pileup¥¥3R)
Emiss ﬁ:}ﬁ@gEGDPlleupmr'E

Data/MCLEER

- ATLAS Preliminary
| Data 2016, Vs = 13 TeV

| Z—>ee 85 fb™
I 0jets, P, > 20 GeV

—e— Data

—— Z{— ee) MC

L1 | I L1 1 | N - I | | ‘ | I
5 10 15 20 25 30
Number of primary vertices NPV

Datal EHE XL —H

2016 F9H5H HIFLAZIETS

11



@ ETmiss CMS

O CMSIFEAR(FRun1E B UFEE
> Particle Flow’Z{% D JTZB#ERK CEMsZ R F L NILCETELT
LBDT. BEARPileupl (IR

clusters and Eturacks Particles ETmiss ﬁﬁgﬁgd)
- E,miss DREAE Pileupfik

Clusters

neutral |

hadron -
Lt ' CMS pPreliminary 12.9 b (13 TeV, 2016) ,.CMS Preiiminary 12.9 b (13 TeV, 2016)
ol : 1) = —_— C
“luspers bl E > F !
Clusyer E =DataZ—pp ; D 35 FPFET™  Zopup
Tracks L +DataZ—ee 1) E !
C . —_ C . —miss
— +Datay,q, > 50 GeV i H = * PUppiEF Z
om ¥ Y f— i ¥ | © 255— qT>50 GeV v i
= ; ¥ o . v )
. . . C . ¥ 20— N ¥ O i kS
tracks to calorimetric deposits L Eo] } ot
15— 15 !
10; 10;
. pril™) sE st Response Corrected
E. v r -
- R C
) . E ! of | | Ll ! |
- * o3
”_ ‘r_'_.___,_:-'—'—'—’f r-l_r-ll [ z: 2 12
— 1
T a P
pr(l™) S o0s
08F
50 100 180 200 260 300 07 5 10 15 20 25
q, [GeV] # Vertices

201659858 EtAR= 12



Q@ JetFBABHY Pileup Xk

® JetE4EBHY (anti-kt algorithm with R=0.4)

> bRl BB E T E R

® Pile-up jetDfRZE

» Hard/&XVertexHE

EKDlet ThHhDZ EZEK

Hard-scattering Jet

Q:E " ATLAS Simulation Preliminary u:a
| Pythias dijets 10"
| Anti-k, LCW+JES R=0.4

1_5__2!;];.:.20<pT<soaav . 10?
10°
10
/]
i - 10°
0.5/ |
10°
i -.J1 -10—7
corrJVF
Z OVertexDp, D& E
2VertexDp, DA

1 5_h|<2.4,20<pT<50Ga‘J

Pile-up Jet

- ATLAS Simulation Preliminary
| Pythia8 dijets
| Anti-k, LCW+JES R=0.4

| PU jets |

.II

i comnialll® |
0.5 1
corrJVF
HardZ®Vertexh*\5

ETULVIRL\etbRE

HOYUYR—=IDI S5 AH DR

anti-k,, R=1 |

p. [GeV] |

\II“I\\llllllIIII|IIII|I\I\|III\|IIII‘\III|I\H

L2
= ATLAS Preliminary

Vs=13 TeV, 13.3 1b™ (2015 + 2016 data)

Z—pp selection MC Powheg.+Pythias

m MC, JVT>0.59
data
v data, JVT > 0.59

> 20 GeV)N

<N|et (pT

HlllllllIIII|IIII|HH|IIH|IIII‘!

E

9
8
7
6
5
4
3
2
1
%~

18 20 22 24 26 28 30

P|Ie up mt’&ﬁi'c ETCLD W

2016F985H EHAHZT



2 SUSY{E=
@ E5(IBiL\peakZES W & BEARANICDTHDT1ILICHIR

A

Background

Kinematic variable

» BRIV DEHANR NTE—IRU

> (EEHEEBOESRERT & CTHIEME(CEHE URITFUEULDFR0
» 71 )LDl

> B=SRFHMDER (S5 mRIMDSide-bandZ £ X 180
» > » BESREHliD Challenging

20169858 EWtAES 14



=3 dAb =
@ SUSYIES: BBk
o E5HlEIBiK/ R Phase space’lR D TMCZEEDEFES DITEIR
» 5~ —/J(Control Region) CARI&{L I B

» MCDmodelingZ {88 D ‘TSRS
» SMBEDFZ % (S validation RegionZ {8 > T

= 200 T
5 180 | | | aLas
% 1801 | E I | tepton + jets + ET™*
& 160F : iiig | | soft-lepton 2-jet E
1 Q|
140 1 v m ] | SR -
20l R _
100F I |
-l ;
80 k |
: 1
60} ]
5 ]
40? -------- I
200 400 600 800

201659858 EtAR= 15



R sUSY F¥IRRBDKinematics

® 1BIRREDMkinematicsF B SUSYRIFDEEE (Am)ICIKTE
> EW SUSYEEZ (FLSPDOI A TICK D TRED

BIH/RIBE DSUSY EWEEZANRD )L ¢
~ —oms |
A= A= W= 2% W<
W —)?2 21+ g Zz g E < -
- R “Reon el Bl [FLeptonHAmIC
0 }(0)( — 107(1 ;(S S P
B—n W=HE M= ’ NGl &£ 5 TsoftlC B 5720
Bino-like LSP Wino-like LSP Higgsino-like LSP Hard[C78 272N T D
Am=yt - 770 FRIRRR
Bino-like N Hard Objects>LHCIS &
Wino-like I\ 4 EFHon>AIED
Higgsino-like I\ 7 BFo>RIERE

ERATIBFIRRED AIRE T H B /e, RILVEEFELIHBE

201659858 EtAR= 16



SUSY IR3R

® SUSY IRFR(IERA ISR BIGIAEZ IR T BWEDH D

- 50 BESED)\—F BICHIRED MROS—TH4E
Colored SUSY
SEITS ZMDdD0bjects

GG % OLT Y|
Vv rE | N 1U7|“JJ

) SRS
ET . /

B-jet ' \\ (rpp—

3rd . k ‘m
- B A N K~ —DERIMETERRD
AN \Strong SUSYIESR
| SUSY EEEEEERN EEEEEEEEEEE NN IEEEEEEEEEEEEEEEETSRN
Exotic signature
missg_J |\ * Long lived particle S A=
T * Heavy stable charged particle ...

20165F985H EWftAERA 17



ICHEP Strong SUSY Results

20155 X TCOURA M2 BAE) : OIA—) . ABYIIESR

TRUARE

oL

N—=Twv
DIV — JSHERK

Runl

Run2 2015

ATLAS

CMS

ATLAS

I

1L )1 — ) XTAERK 2.1 Excess
on-shellZ | )L —_/XY4%% | 3.00 Excess 2.26 Excess
Z+missE
T | offshellz | )L — /) Xi4ERK 2.60 Excess /

Multi-Leptons

DIVA — J XUER

Multi-bjet TIVA — JXUERK
Stop OL A b TR
Stop 1L R W TIXTE R 2.30 Excess i
Stop 21 2 v TSI m"

cns5zPhb(SEELTLL

2016559858 EWftiRS

18



DA —JR%R

miss
ET ;_:0;\‘ I*q*
Xl ) ]et
N3 i
jet ) —-\* 5:“\ o
TSNS
g W

—y

“Eéﬂd&jet or -T-IZE'

5\ )1 —_ S DHard’LEventE WLNDEFEHEEDS

® Topology : E&
» AR _EDjet, jtgfd\m'ssET, KNS Mt (=m"¢'SET"'Zijet)(*l/jo N>,

» Event shape (Aplanarity): BRAK(C7X D2 ()

20165F985H EWftAERA

19




ATLAS: Jets + ™sSE_ (0-Lepton)

® JI)bA—)FERDSD all hadronic $Z4RRE
» BT ). HRIMES CTRRITNIEE I CNTRXAINE,
> AR EDjet. RS /EMisEL(>200 GeV), KE & m g (=™SE+Ipye,)

m. (4jet) m (Gjet) q
% E T ‘ T T T T I T T T T | T T T T | T T T T ‘ T T T T I : % 104 ?l ‘ T T T T ‘ T T T T I . D i 201:5 T cj| \16I T T
G [ ATLAS Preliminary * gga2ised®e O | ATLAS Preliminary O Saeendi q
S 108 fs=13TeVv, 13.3 " I Wiets - § ~  (s=13TeV, 13.3 1" ] W+ets
S C Mefi-4-2200 %’ tt(+EW) & single top 3 — 1 0° = Meff-6i-1800 % g lEtW single top )E(lJ
Z+jets e ] E +ets A
‘2 r [ Diboson 7 c [ Diboson B
L%J 102k -M (Iju tl - L% - -Elluliijett X(lJ
= - g 3 E - = = gg onestep,
- m(g, 741@.9,), ] L m(G, 2 70)=(1705,665,25)
’,",_-*_:“ hﬁ--* \\ L p q
10 .ﬁ- g\ === ----*
, 1\ ... q
1 o f T -
L =/ <|> _
E : : P4 v
o e — — — " o - ./%|l%u-_.quli
= 15 e 3 E [ E
~ T %ﬁ% A S 1By -
1 S ~ E ; 477 7 ;
D: 3 = ~E I 4 =
1000 1500 2000 = 2500 3000 3500 0E 1000 1500 2000 2500 3000 3500

mgx(incl.) [GeV] «(incl.) [GeV]

No Significant Excess J=h¥, b‘ﬁb’)ﬁi@&gnal’éﬁ.ﬁﬁ'&? ELTW
BDOTHRMEFIVIITDRCENKE - gjettBIEND UKICIED

201659858 EtAR= 20



4 je

t 5 1A18kMDkinematics 3 1h

Datah& BRI ICER L TLND END Z EIFIR0N

RE<LHRE

events / 50.0 GeV

ESRODMDIEENS(EITNTULBEvent(ZRBHIESRLY ~

21



m ;= 2.8 TeV

20165F985H EWftAERA

22



CMS: Jets + MsE.. (0-Lepton)

ON. . N, H, E"sTHIFTEE160 SRs

Bin HI™ [GeV] Hr[GeV]

CMS preiiminary 12.9 fo' (13 TeV) R 0LAR) 300500
% 10° _E <N, <4 f 5<N, <6 7<N, <8 N 29 2 300-350 500-1000
2 ENa | | ' 3 300-350 > 1000
M0 1 2 eg 4 Daa 4 350-500  350-500
(ot L | | ; Hadronic 5 350-500  500-1000
| | . v lepton 6 350-500 > 1000
10° !:|r' 5 ; Lost aco 7 500-750  500-1000
o Bl s B ' lepton §  500-750 > 1000
I ' |' | ' 9 >750  750-1500
10 EU T | ; ' I. 10 > 750 > 1500
1 = ! | ' mu || || |, | ‘ | N o
: m d Jw '~-"i'“
= E LiffiF
LT 1Bl AL
= I l | : SN gk \I N
g , : Tt No Excess
4 | e
g I

L Y IE L |5 L I [ : ; L |E | b
80 100 120 140 160
Search region bin number

» Backgroundz T4l (&data-driven : &2 CRDFFETERAEN AT
- Z+jets : y+jets CRH'S
- ttbar, W+jets (Hadronically decaying tau, Missing-lepton): 1-Lep CRHYS

201659858 EtAR= 23



D)1 —J &SR : 1-Lepton 2015

® 2015 DData CATLASIC2.16MDEXxcess % EiHl

ATLAS (3.2 fb™) CMS (2.1 fb2)
103Njet> =6, m|sSE >250 GeV | - fmngsﬁ]. m'isET?ﬂ@OEGEV )

ATLAS < Data E@W+jets

+Data BW+jets

[ Diboson E -gg gﬁttx (1500,100) Sinale to
(s=13Tev,32f" #=Total SM.Smgletop wgg, g—tty] (1200,800) E Vg P
Hard lepton 6-jet f Others 3 Wi, 1 true lepton L

- (@ 5)-(1105.865.625 GeV: Ott, 2 true leptons [Cther

Events / 80 GeV
3

10
BT L »CMS: No
ol - significant excess
= 2I:::::::::::::::::.::::.::::1:: :::: FrE : 0 (1(51//“*])
g 1w % ‘I ; \
S o T '15'62'66'256566556466456566{ S 200 o g I LB
m [GeV] T SICRAD

> ATLAS : 3.2 fb-ldD5—/ T2.16 Excess .
- Muon(Electron): 8(2) events 20165FD5T—HT

- Low E,™ss, m (FZLEERAYZ L), bjet 28D BRERICOIZ

20169858 EWtAES 24



ATLAS: Jets + ™SSE_ + 1-Lepton

® ATLASTCIlE2015 B USRE20166F—T' U CExcess®F TV
m; (14.8 fb1)
N;..>=6, "<E;>250 GeV

ATLAS Preliminary -e Data =\g;jets
IDoson

Vs =13TeV, 14.8 fo! % Total SM ESingle top

GG 6J bulk it Others

- m(g,i;,i1)=(1 105,865,625) GeV

—_
o
S

Events / 80 GeV
3,

Data / SM
—_ N
i [

Lo

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

100 150 200 250 300 350 4QO 450 [SngV]
m, =2 EM (1 cos|ad(l, p™)) mr

» 20165 RAMISNEERICBE > TULVED, BRI E.....(~1.50)
» OB EYF(CExcess’a U

o

2016579858 EMfARE 25



CMS: Jets + ™SE_ + 1-Lepton
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CMS: On-shell Z Search
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CMS: Off-shell Z Search - , J«<"
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“it is what it is, and it seems that this is as much of a OF under-fluctuation as it is a SF over-
fluctuation; so it looks like statistics, but we'll have to see what happens with more data.”
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CMS: Z+E Ms*+jets:Runl Excess Region

® CMS Runl Excess(2.66) &S BIMDExcess(3.16)DEAFRIS ?

CMS Runl Excess Region

12.9fb" (13 TeV)
LA A A

— —
CMS Legacy signal region

>
(]
Eg Preliminary ¢ Data
- 400— . [ Flavor symmetric —
2} goi--= [l Drell-Yan
GCJ R 7] Total uncertainty
u':j 300 Scaled 8 TeV signal fit: ]
—— m;=300 GeV hypothesis -
------- my = 500 GeV hypothesis |
200~ el | m; = 700 GeV hypothesis
100 ¢ —
! L A R
%0 40 60 80 100 120
m, [GeV]
2
g 1.5 -
*g § 1%+_+_ n ++ O R |
a3 t ’ DA
o 05— |
[ N
0

» S[O]ExcesshV R X CL\DHEIE &
Run1DTREIEK (I ERTRD

» R, RunlDExcess(d2015DFT —4
TlZE(Zexclude=NTL\D

&20165E (D5 —/~ TRunl ExcesspElz %
BIEEREDAIER X A0

S [AlExcess ERUNIDED IRV T D

Runl ExcessZ{R(Csbottom pair production
12 EFFRU T, luminosity & cross section

(8/13 TeV) Cscale LTz DH\IR

20165F985H EWftAERA

30



BiRd+ . 0-Lepton SR for Z+E.™iss excess
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Direct Stop Search (Nominal) Gluino Mediated Stop Search
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Stop Search 2015
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ATLAS StoplLep: @ 2015 Excess Region
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ATLAS StoplLep: 2 Stop Onestep Decay
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