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1) ATLAS Detector

Muon Detectors Electromagnetic Calorimeters

\

\
Solenoid \
\

2 Detector U ‘
5 Width:

— Diamete ch!

< Weight: [

Barrel Toroid Inner Detector ) )
Hadronic Calorimeters

Shielding

Resolution
(Pr=100GeV)
e,Y 1.5%
Muon 2-3%
Jets 8%

eLarge Detectors since momentum resolution of tracking is 6P/P~1/(BL?)
ebalance of performance resolution are good but not specially good for all.

eAccordion Shape of L.Ar calorimeters are used. (Longitudinal information & Rad. hard)

emuon system is Large & air-core(less multiple scattering) & toroidal magnet (gain forward)



ATLAS CMS
Tracker B=2T Large Bore L->0~1/BL? | B=4T Strong B
Si+ TRT continuous tracking (we | Only Si (semiconductor)
have advantage exotic track)
EM cal. Accordion Type L.Ar+Lead PbWO, Scintillator 3%/SQRT(E)
10%/SQRT(E) Excellent E resolution.
Fine segment + Layer information | not fine segment
Hadron Cal Thick Iron + scintillator Thin brass + scintillator
502/SQRT(E) 1002%/SQRT(E) shower escape
Good resolution for Jet PFA helps recover of resolution
muon Air core Toroidal Manet Return yoke of solenoid
multiple-scatter is suppressed Strong Magnetic field
low PT muon is detectable. Good resolution, multiple scattering
complicated magnetic field
Trigger 3 layer Hard + Local Soft + 2 layer Hard + Full Reconst
Full Reconst
Summary Accordion-type L.Ar EM cal. PbWO, EM scintillator has

Fine segment
muon detec. with Toroidal Magnet

B-phys. Exotic track

excellent energy resolution
4T Solenoid magnet

Physics with e/gamma




Production Process
at LHC

Colored susy particles
are pair-produced
at LHC dominantly.g 102

Many gluon in Proton =
Color factor 8 % 10
gluino production 7
is leading. ? 1
O
&)
Typical cross-section 10°
is O(10) fb
for 1TeV SUSY. 102
10°

99X Y QO AR qORBREAE L
g 8 q 4§ g 3
g g _ g
g g q da q q
SRR
qQ _
g q
L {s=7TeV b
E | 1 | I | | | I | | | I 1 | | I 1 1 \l\\l 1 1 1 E
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Event Topologies of SUSY Signal @ LHC

SUSY provides various interesting
event topologies !!

Gluino/squark are produced first,
_ then cascade decay is followed.
“Typical” Events topology

of SUSY signal is like this ~ ~
ATLAS Atlantis  Event: susyevent maX( g,\,, i) \L <(hlgh) Pt jet
min ( g .q )
t,b \L — ptjet
XX \V ~L — et
’)\(J? —— lepton
(missing) \
Higgs->bb
gamma,
Event topologies of SUSY
multi leptons
ET + High P, jets + b-jets
T-jets

X m)



ATLAS SUSY Study

List

Inclusive squark/gluino

O-lepton + 2-6 jets + MET
O-lepton + 7-10 jets + MET Sig.
1-2 leptons + jets + MET
2-lepton + jets + MET *

1-2 taus + jets + MET

Electroweak production

2-leptons + MET
3-leptons + MET
2 taus + MET
1-lepton + 2 b-jets + MET *

Photonic Topologies (GMSB)

photon + lepton + MET
photon + b-jet + MET
2-photons + MET
non-pointing photon
Z(Il) + jets + MET

Naturalness SUSY (3™ generation)

RPV and long lived particles




5 colors show the previous page Event topology vs models Standard mE; signal

Colored seotor EW sector Related
e
LSP/NLSP G I Models
(i,?;i;?ve) N3€c>~i soft jets / nothing] General MSSM
carried by / 88-8 q : Higgs/Higgsino
LSP ) b'Jet(s)] (Large m0)
m E NJEtNZ [ )
T KN One lepton General MSSM
J \‘\ qq 7
e : ) slepton Small mO
i -Jet(s) [ Dilepton, 3L J wino/bino ->W/Z
f
S USY L tau, di-tau ] GMSB, large tanp
/ Photon(s) ] GMSB(Nm small)

Multi-leptons+(jets)+ (mET)]

Lifetime

Displaced Vertex ]

100p

Klnk/Disappearing track(chargino, stau)] 10 cm

~

Exotic signal

-J<4 LSP unsable R hadron Stop in Hcal or mE; ] i
> m
EXOUC particle Heavy Stable charged track ] 4

(stau,R-hadron) TOF in MS, Hcal

NLSP metastable or £ LSP/LL

stau



5 colors show the previous page Event topology vs models Standard mE; signal

Colored sector EW sector Related
4 ™\
LSP/NLSP I . _ Models
(Gir?:;]li;?ve) N.J,e,:c>:%, /?;’{SO& jets / nothing] General MSSM
carried by / 88> gq i,
)
<P ) ) Still compllcated?
mET \\ J ~ ~ VN 7l Ana lantan General MSSM
y q9
\_
\ 4
=0T
SUSY t,b

direct X

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

LSP unsable
>10m
EXOUC particle ]<{ Heavy Stable charged track ] l

. . ~ (stau,R-hadron) TOF in MS, Hcal
Exotic signal NLSP metastable or € LSP/LL

JZ
J
Njet~ 0 %




5 colors show the previous page

Event topology vs models

Standard mE; signal

Colored sector EW sector Related
)

LSP/NLSP | ¢ I e Models
(i::li;?ve) N.J,e?:?i 5 soft jets / nothing|  General MSSM
carried by 88,8 q _ Higgs/Higgsino

LSP N -jet(S)] (Large m0)
mE { One lepton General MSSM
; * slepton Small mO
-jet(S) Dilepton, 3L wino/bino ->W/Z
S USY tau, di-tau ] GMSB, large tanp
-\[ Njet~ /v Photon(s) ] GMSB(Nm small)
P i

* direct X Multi-leptons+(jets)+ (mET)]

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

the results
- LSP unsable
Exotlc particle

Exotic signal

R-hadron Stop in Hcal or mE;
Heavy Stable charged track Y
~ (stau,R-hadron) TOF in MS, Hcal

NLSP metastable or £ LSP/LL

100p

10 cm

Displaced Vertex
Klnk/Disappearing track(chargino, stau)

>10m

stau




Background Processes and How to estimate?

BG estimation is crucial for SUSY hunting,

SUSY
SIGNAL
REGION

because no peak is expected.

It is just discrepancy of distribution; W
especially for mET distribution

but mET is also produced by vs

Main BG processes are W+jets, Z+jets,

top pair production.

(GeV)
I I
O

Basic Idea to estimate BG is as follows;
Control regions are defined to enhance the SM BG processes
and check the various distributions.

Distributions in CR are extrapolated (with MC) to signal region

Reducible BG (QCD & fake ID) are estimated with data.



MC / Data NLO /Data

MC / Data

We well understand background distributions

T T T T

- T T T I T T T T | T T T T |
10 ATLAS Ziy*(> T2 1jet (mey) 3
Ldt=461fb" “&~ Data 2011 (Is = 7 TeV)
-2 -
10 anti-k, jets, R=0.4 ’;\II:|PE(I3?IE§ =
o iet —A— -
. P > 30 GeV, [y < 4.4 MC@NLO .
107 ~¥— BLACKHAT + SHERPA 3
C O'(l;’.. ]
0% o =
g S s
5[ O~ s |
107 o 3
: o Ty ]
10° o
E -0~ == =
= O . -
107 ' ' . -
= PT of jet for Z+jets | oo ===
: l 1 I l l L l I 1 1 l 1 I l 1 l 1 I l 1 1 I 1 I’#]_Qﬁ
1-4_l T T ' T T T T l T T T T I T T T T I T T T I T T T T I T T T I_
1oL -¥- BLAckHAT + SHERPA , l/ / /A
0.8 = __';44// 7
0'6_I L l I l l L L I l L 1 1 I L l L l I L L l 1 I l 1 1 1 I .I 1 I_
1-4_l T T ' T Ll Ll T 1 T T 1 I Ll | Ll T 1 T I T T T T I T T l_
1o - ALPGEN —— .
L - ’
NS T 3 Siriinte. 2 I W 7
7 T A /l/ | )/ /
0.8~ 7
0.6 b
1-2_ “& SHERPA A
2 —A—,
e o T o e v e - / V/
Y = WA
0'6_I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I_
100 200 300 400 500 600 70

P! (leading jet) [GeV]

L L DL L LA BN I L B I L
1 ® Data2012 -
IL dt ~20.3 fb’ §444% SM Background -
103 [ Z+jets ]
(b) different flavour E= 3
2jetsp >10050Gev G WY 3
) @ Single top =
102 [ Fake leptons |
[ Ry =
m(stop,x*x°)=(150,120,1) GeV —
..... m(stop.¢*x)=(400,250,1) GeV ]
ATLAS Preliminary
10 —
= = SWEREEEY i BEEZ7 A =
A T
15 v /W////M
| ST IAT L /4?, %
0.5
20 40 60 80 100 120 140 160 180> 200
my, [GeV]
- . . {1 Ny 2 miss
mry = n(}m max (mt(py . qr).mr(py. Py —dqr1)
T

M distribution can be used
for W = lepton + neutrino
If two neutrino exists
we use MT 2,
0 Observed mET is divided into two v
leptonic decay of top pair is well understood



V+b-jet(s) request from Zeyrek-san

8TeV results are still discussing.
Only 7TeV results are public.

20

Ciducial (PP

15

10

(small ) Excess is found in “one” b-jets and
discrepancy of ratio becomes larger for high PT.
| have discussed with M.Michelangelo more than 10

T

T | T T 1 | 1T T T |

I I
Data 2011,\s =7 TeV

Electron Channel
Combined Electron and Muon

Muon Channel

j Ldt=4.61f"

MCFM 4FNS + 5FNS
Powheg + Pythia
ALPGEN + Herwig (norm. to NNLO inclusive W)

1 jet

1+2 jet

years ago.

do/dp.™™ [pb/GeV]

Data/MC Data/MC

PDF for heavy quark is difficult then factorize betwee

ME and PS are difficult to overlap.

102

_LN“\)'P N WH

GOS-SS [pb]

- ATLAS > Data (\s=7 TeV) _—
= j Ldt=461b" —+— MCFM E
C —=— ALPGEN .
LA S |
= —i———%%%%é%%é 3
E e+, Ndet =1 2 E
L * / i
- Z.
- — —
=2%% Data / MCFM ' / 7=
- W &
F <4~ Data / ALPGEN

: ' . 7777 /3

25-30 30-40 40-60 ~60-140
b-jet P, [GeV]
E T j ]
F ¢ ATLAS Preliminary e Data (stat+syst) 7
r| Lat=461b" = CT10 .
-7 \s =7 TeV (2011) ‘ L"ﬁ;\évgsgfi .
- WD o HERAPDF15 |

o epWZ

10 5 NNPDF2.3coll -
:‘h‘ﬂiﬂ‘w ]
- t1 Z ﬂ 4
L Iy 3 g _
1= -
: B3yl §%

I 1 1 1 1 1 1
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pY [GeV]



[A] No Lepton (multijets) mode

At least 3 (high PT > 130,60,60 GeV) Jets At least 5 (high PT > most general inclusive
& Large mET(>550 GeV) mET(>320Ge search

ATLAS approach is based on 3 kinematics variables are key
1) Number of Jets
Less Jet multiplicity squark is enhanced, W-+jets and Z+jets are main BG
Tight kinematics selections should be required to
reduce these BG processes.

High Jet multiplicity gluino process is enhanced, Higgsino-like gaugino
processes are also enhanced. top is the main BG
Relatively loose kinematic selections are possible,
since BG is suppressed by jet multiplicity
2) mE;

3) Not only mET, but also Scalar sum of Jet activity(H;) is useful,
since many jet activity is expected for SUSY signal.

H; is used in CMS (CMS mE; and H; are used separately) and
Meff= mET+ Z P; (jet) is used in ATLAS.




events / 100 GeV

DATA/MC

At least 3 (high P; > 130,60,60 GeV) Jets

= ‘ IL dt=2031b" ]
i SRB - 3 jets e Data 2012 (1s=8TeV) ]
3 —— SM Total
10°F TP = 0\ _ro8
E 4§ m(g)=1.04m(q)=1425,m(")=525
C ==+ qg m(g)=1.04m(q)=1612,m(x)=377
B Multijet B
5 Il Z+jets
10 = I Waiets 3
C tt & single top -
: I Diboson i
10 =
TE
2.5F
2F
1 .55 .............................. 1
I3
0.55 .................... E
% 500 1000 1500 2000 2500 3000 3500 4000

[A] No Lepton (multijets) mode

& Large mE(>550 GeV)

IIIIIII|I\II ||I|II\I|III|III\
ATLAS Preliminary

mg4(incl.) [GeV]

At least 5 (high P; > 130,60,60,60,60GeV)
mE;(>320GeV)
> T | T 1T | T 1T | 1T 17T | T 1T | L L T 1T T
8 10° ATLAS Preliminary j" 203" —
o = SRD - 5 jets e Data2012 (is=8TeV) ]
© C S —— SMTotal ]
> - - - - 33 m(g)=1162,m(x’)=337 .
- ==+ gg m(g)=1250,m(x°)=50
s 1 02 = Multijet 1 E
q>) E Il Z+iets E
- [ WHjets B
= tt & single top B
10 - + I Diboson -
43 1. E
O E o il o i, 3
S ECY oo t E
~ 15 z_ ............................................. +
< S ®ococe®s | )
'<DT: 0_;2_ ........................................... »* +++ +{" =
O — 500 7000 1500 2000 2500 3000 3500 4000

mg4(incl.) [GeV]

Meff >2200GeV (mET/Meff>0.4)
Data 4 events are observed
BG 2.4+ 1.4 (Z0.2 W 1.6 tt 0.6)

1 candidate in high Meff region

Meff >1600GeV (mET/Meff>0.2)
Data 18 events are observed
BG 15+-15 (Z3.8 W3.3 tt5.8 )

Both Data distributions agree well with SM BG



Jet P; of W/Z+jets process comparing with signal

<1t Jet Pt > < 2"d Jet Pt >
10%E — &G 102 — &G
E Sugra(120,340) E Sugra(120,340)
- Sugra(1080,310) C Sugra(1080,310)
L ——— Higgsino(1000,200) L ——— Higgsino(1000,200)
10k _Higgsino(100,200) 10 _Higgsino(100,200) _
L 1 2 s still
; hard
107 10"
10—2_u_ i b LI ! ! -2 1 A H M I B
0 100 200 300 400 500 600 700 800 900 1000 10 0 00 200 300 400 500 600 700 800 900 1000
| 1st Jet Pt (GeV/c) 2nd Jet Pt (GeV/c)
rd .
<3 JetPt> g(relatively soft)
10°F : ‘ —T—+% high PT
o
10

T \HHH;

Sugra(120,340) t
—— Sugra(1080,310) S
——— Higgsino(1000,200) 1 J et
o : Higgsino(1 90,200) ‘ P roto n

Virtuality is high

T \HHW
E_

W*/Z

10"

T \\H\Hi

10%; I 100 200 300 400 500 2nd jet

1 3rd Jet Pt (GeV/c) .
ISR g(relatively hard)
3rd becomes softer 17



‘ No excess in No lepton mode ‘

MSUGRA/CMSSM: tanf = 30, A =-2my, u>0

Limit within CMISSM model

m,, [GeV]
|

800

700

600

500

400

300

T T I ’ T T T I T T T T l T | T T I

'ATLAS Pfellmlnary

-L JLdt 203fb &STev
‘, O-Iepton combmed

| Observed nmutmcsm,,)
_) . Expected limit (+1 Caxp) |
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m, [GeV]

6000

5000

4000

squark mass [GeV]

3000

2000

1000

tanB=30 A0=2m0 can give 126GeV Higgs boson

Large mO(heavy squark); only gg->gluino gluino
possible at LHC. Since PDF of gluon has steep
distribution, heavy gluino o is seriously

suppressed.

Small mO squark production is possible, valence quark

can contribute, and production o is high for

heavy (large x):

MSUGRA/CMSSM: tanf = 30, A0= -2m,, u>0
| | T

T I T T T | T T T I T T T I T T T l T T T I T T

ATLAS Preliminary

I Ldt=20.31b", (s=8 TeV ]

0O-lepton combined -

AT TR T T T T

5 m— Observed limit (+1 GSUSY)
“i‘ === Expected limit (£1c,,,)

E
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1 I 1 1 1 l 1 1 1 I 1 1
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800 1000 1200 1400 1600 1800 2000 2200

gluino mass [GeV]

gluino,squark ~ 1.8TeV
gluino ~1.1TeV for Heavy squark
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[B] One lepton + mltijets Mode

Electron (PT>25GeV) or muon (PT>25GeV) is required for trigger/ BG suppression
At least 3jets(PT>80,80,30) MET>500GeV MT>150GeV Meff>1400GeV (19 SR are optimized

>60||II|III||I|I||IIII|I|II|I|II|III||IIII > T T T T [ TT T T[T T[T [T TTTTTTT]
[0 [0)
O ~ ATLAS Preliminary *— Data (2012) ] O] ~ ATLAS Preliminary —e— Data (2012) s
Q [ J« . Q - e
-1 1
9 Ldt =20.3fb", {s=8 TeV [ Weiets Q 40 ILdt =20.31b ", \s=8 TeV [ Wsjets _
; B ] misid. lepton 7] ; | [ misid. lepton |
2 40l hard 1-electron + 3 jets [ single top _| € hard 1-muon + 3 jets [ single top
o signal region [ pibosons 4 | signal region [ pibosons .
= ] H [ v
W /// Bl z:iets T B Bl Z:iets 1
----- gluino(1145,785,425) GeV | o0 ----- gluino(1145,785,425) GeV  _|
o 7
= _ N 7 227 .
L - |
| L B o e |
L : f??ff?}r sssrrs ST T
e | T s S
0E I T T T o o o o i b ' ' T 0 o i i i s o i P o e v s o e e e Q e ek ek e e e b s S
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 ‘15?0 1600
. inc
mi"e! [GeV] meir [GeV]

Meff= mET+ Z P; (jet) +P;(lepton)

tt is dominant background processes; both top decay leptonically, and one lepton is

not ID (low P4, not isolated, tau hadronic decay)

One lepton mode is the different topology and different BG processes from no lepton mode
No excess was found in data @ 8TeV



Similar sensitivity for no-lepton and one-lepton modes in many standard SUSY models

One lepton mode covers “heavy squa ss region” effectively.
MSUGRA/CMSSM: tan(p) = 30,A_= mo, uw> \ Status: SUSY 2013
; 1000 1 I 1 1 ILI‘_ 1 _ I 1 1 | LIV 1 I I | I I I I I I | I I | | |
o 7 \\ T | 95% CL limits.oSYSY not included. |
o —LSP = o -
“ o00 [ fTLAS Prellmlnary ~ = Expected | .|epton, 2-6 jets ~
— — w=== Observed | ATLAS-CONF-2013-047 —
C Ldt=20.1-207 1" /5 =8 TeV B
E C A A\ 2 — — Expected | 0-|gpton, 7-10 jets _
' we= Observed | arXiv: 1308.1841
- . \ \ = = Expected 0.4 lepton, 3 b-jets -
800 — - \~\~ 91 \ \ wess Observed |ATLAS-CONF-2013-061 e
C \ AL \ — — Expected  Y.|gpton + jets + MET ]
£ \ \ 5 1_-'7 —. .| | === Observed ATLAS-CONF-2013-062 ’
SN \ \ 11g8s —— Expected {5 taus + jets + MET B
700 — AN \ \ i‘gﬁG @\/| === Observed  A[LAS-CONF-2013-026 —
C \ \ ~ Expected  215G.|eptons, 0 - = 3 b-jets
C I}\w‘ Observed  ATLAS-CONF-2013-007 B
600 — | | H
C \ \ ]
C e It = Skl N I -
— | - - : ] - ]
500 [ -l _ (=== i‘ ————— o
L | T~ e L |\———
e ~ = | - T —————— -
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C) Inclusive results does not depend strongly on SUSY models

Production processes are just
strong interaction. o depends on
gluino, squark masses (colored).
Not depends on detail of SUSY
models. Colored sparticle masses
are crucial for sensitivity.

[ N - ~0
gg production; g—q q i,

The mass difference between LSP and the
produced colored mass(AM) is crucial.

AM < 500GeV —> No sensitivity

No trigger, high background ...

oduction; §g— q 1:]

S‘ [ T T T I T T T I T T T T l T T T I T T T I /] s‘ : T TTTT I l‘ T f T I L ] rTrTT I T TT l L I T rTrT [ TTIrT |:
8 1400 — ATLAS Pre“mlnary _ Observed limit (ik’susv - & 700 — ATL Pre||m|nary — Observed limit [116,?:;) .
:\: = ,, -==-~ Expected limit (+1 ggf - OE'\ - ) ===~ Expectedlimit (£1c,,,) .
& 1200 _—J. Ldt=203f, vs=8TeV Observed ims@ 7 o', 7 TeVi 600 | . Observed limit (4.7 o, 7 Te\4]
[ O-leptoncombined ... Expectegdfmit (47 fo!, 7 TeV) - O-leptoncombined ™\ 7 e Expected limit (4.7 fo"', 7 TeV)
1000 [~ = 500 |- =
800 - - 400 :— —
600 |- ] 300 |- =
L g IS . 200 7 3
400 [— = peSiestt = T e N — F B
T J E .
- TR 3 100 B —
200 ; .*\( — = -
0 — Cow 0l a1 L]
TR R L I SN 200 300 400 500 600 700 800 900 1000 1100

200 400 600 800 1000 1200 1400 m; [GeV]

m; [GeV]

There are 4 possibilities why “No SUSY found @ 8TeV LHC”!!!
(1) degenerate spectrum (2) colored sparticles are heavy/ even the EW is still light

(3) No mET (4) NoSUSY (@ TeV scale)




33 production; §—q q % gdproduction; §— g x‘:
S‘ T T T l T T I‘ l T T T l T T T I T T T I T T T I T s‘ lllll I TTTT I T TT I L ] rTrTT I T TT I rrTT I T ] lllll
o s s = - « O SO Y
8 1400 _—ATLAS Prellmlnary — Observed limit [i‘“i?‘ -] & 700 __ATLAS Pfellmlnary m— Observed limit (:mffr) —
ol - -=== Expected limit (+1 ggf) - olIN C J‘ . ’ -=~~ Expectedlimit (1 a,,)
N S - £ - = = -
E 1200 —J. Ldt=203fo, ys=8TeV Observed limjf®.7 o ', 7 Te\i— 600 — Lais20s fb M-8 TeV Observed limit (4.7 fo', 7 TeV-'y:
[ 0-lepton combined ==+ Expectegtfit (47 16, 7 Tev) - Oepton combined - =-+++ Expectedlimit (47 10", 7 TeV) o
1000 [~ = 500 —
800 I— -] 400 — 3k —]

C) Inclusive results does not depend strongly on SUSY models

Production processes are just The mass difference between LSP and the
strong interaction. o depends on produced colored mass(AM) is crucial.
gluino, squark masses (colored). AM < 500GeV - No sensitivity

Not depends on detail of SUSY No trigger, high background ...

models. Colored sparticle masses
are crucial for sensitivity.

There are 4 possibilities why “No SUSY found @ 8TeV
LHC”!Il Let’s examine these 3 possibilities

(1) degenerate spectrum (2) colored sparticles are
heavy/ even the EW is still light (3) No mET

{4} NoSUSY (@ TeV scale}- & defeatism




(D) Degenerate spectrum (UED,Mirage SUSY)

ISR jet is useful for degenerate cases ‘

When heavy particles produce, interaction space Leaf""g Jet pT| (1/R,AR)=(700,20) , AM/M=20%
: 2 ~f: SR 3 T (1/R,AR)=(700,10) , AM/M=15%

shoulo! be sma!l, it mean Q of.mtera'ctlon is high g RARIG00.4) . AMM=10%

High virtuality is necessary for incoming partons. o I 2 (1/R,AR)=(700,2) , AM/M=5%

It is not new physics. Just QCD. Pt 1

To make high virtuality state, =

the high P; ISR jet emits. ’°"f \ ;

ISR jet has hard spectrum for heavy particle N i ﬂhq""ﬂ:-a_
production, it el ey
P; depends on the mass of prodch 100 200 00 400 500 000 T eading serol e
and independent on the decay pro S. @10TeV
Jet(highP;) Pt distribution of the Leading Jet (UED signal)

% ISR
é_‘, et(lowP;)

q(ql),,-/q These are soft
() X)) Jet(lowP,)

q— g ,,:/q = To reduce BG, soft lepton
q(‘ll " chl/nu2 =y soft lepton is required

23



ISR + soft lepton topology for degenerate spectrum

Leading jet (PT> 180 GeV ISR ) + Soft Lepton e(PT=10-25GeV) or u(PT=5-25GeV) from decay products
additional jet (PT>25GeV from decay products from decay products
Njets =3,4(W+jets dominant ) Njets >=5 (tt is dominant BG)
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(E) Heavy colored sparticle case; EW gaugino direct production

Running Mass (GeV)

“Colored sparticles” become too heavy to be produced at LHC 8 or 14 TeV

600

400

200

—200

For example

A:Colored sparticle has steep coefficient of RGE
(AMSB model -> 1 will show later)
B: colored mass is heavy at GUT scale

but EW gaugino / Higgsino/ are still light

—Tcotoredisshi

%
+
t[\J

!
t
!
!

RGE plot for various sparticles

tHC. .. ... GUT
5 10 15
Scale{@evy<"

ted at GUT scale

Impossible LHC @ 8 or 14 TeV
max('g,q) T _ .
: o < (high) Pt jet
min (g,q )
l —— P et
’)\(T 72 V \L é‘jet
X (missing) @

. . Higgs->bb
EW Gaugino Direct Production

is only possible for LHC



EW direct production (x*,x%,) final topology 3 lepton+ mET

3 lepton & b-jet veto is applied to reduce top BG. MT > 110GeV also reduce top BG

6 signal regions are optimzed
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Let’s be realistic
Higgs 126GeV ~ large mO( afew -10 TeV) Slepton heavy?
Naturalness means Higgsino || is also light.

-> neutralino 2 & chargino mass is relatively close to neutralino 1
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Observed limit (+1cp.5")

Expected limit (+1o,,,)

ATLAS 13.0 fb'1, \s=8TeV
All limits at 95% CL
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F) Naturalness SUSY signal (stop / Higgsino)

":1 To avoid fine tuning of Higgs potential,
! both stop and Higgsino mass should be
| Tev | close to EW scale.
The “Nuclear Family” 1 _
of the Higgs And scalar top becomes light because of
the following two reasons.
500 GeV | i 1) Large (negative) radiative correction
by . of Yukawa- Higgs coupling
R i ( I ) 2) L and R mixing due to A term
[ A —
;1? — ( _3— ) /)} §_ 102§ T T l T T T I T T T I T T T l T T T %
= - ]
2 10g =
«—— Closeness to Higgs § S =
% 1 .
O = =
@) - _
107 E
Stop should be light !! 10_2:_ B
cross-section is ~ 10 fb for 600GeV. 2 E
Not so high. 1%L (s=7TeV n
Dedicated analyses are necessary. T T
0 200 400 600 800 1000 1200

Mass / GeV



Decay pattern and event topologies

Various decay patterns are possible depending mass relation to chargino/neutralino

[1

~

600 300F

400 200

200 100 k==

] mSugra

(u>0.8m1/2)

/“o
=X

- ~ v+ v 0
- t—b X" —bWX|

200

t+N1
b+C1
b+W+N1
c+N1
b+f+f'+N1

b+C1/t+N1
(GMSB)

300 300 500
Stop mass (GeV)

[2] mSugra(Higgsino) or AMSB
/ /

/ /

s
forb. /

s

r /

/

i /!
//"I >+ //""0
X XS

200 200 T

Tt

100 100 Z . . .
200 300 400 500

Stop mass (GeV)

[3] GMSB (Higgsino-like case)

e ~ ~
g X
200 // ~ ~ 0
/ t-tx
‘(X) /'/_/ s = .
200 300 400 500

Stop mass (GeV)

Possible event topologies are summarized in this table. Decay pattern vs topologies

1,2 b-jets are required in “jets”
m 2/3-ep (2) 3-jets
O O A

A
A

O O
O O
O(?)

O

O (c-tag)
O(?)



Events / 50 GeV

Data/SM

10°

10*

1-lepton + 2b + 4 jets + MET

top pair is dominate BG and is reduced by MT2 and high mET are required.
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If mass difference is small,

sensitivity becomes worse (charm decay, 3body decay)
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Status: SUSY 2013
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If neutralino mass is lighter than 200GeV, Lower limit on stop > 600GeV
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4) SUSY with Exotic signature

no mET signature should be covered

Motivation
(1) AMSB Wino LSP chargino life ct=1-10cm
(2) GMSB stau NLSP stable in detector or decay in ID
(3) SPLIT SUSY (m0>1000TeV) gluino = R-hadron
(4) R-parity violation If coupling is small displaced vertex
Signatures

(A) Heavy charged particles (GMSB stau, R-hadron)
(A1) dE/dx energy loss in the semiconductor , ct>> detector size

(A2) TOF information in Cal. or muon system (B< 1) p<1
(B) Decay in flight (AMSB wino, GMSB stau ) ) |
. . . . : eavy slow
(B1) Kink/Disappearing track in tracking system varticles
(B2) neutralino decay with long-life ct ~ detector size
displaced vertex is found
(C) stau and R-hadron( both neutral and charged) i
INK Or

stop in the dense material (Hadron calorimeter) Fesmoearie
dedicated trigger is necessary to catch decay. track



A) Let’s summarize methods as function of lifetime

cty 0.1mm 100mm 1000mm °;’
Displaced dE/dxin | short High P Kink / Time of Flight | Time Of Stop in
Vertex Pixel track in Pixel/ | Disappearing | n calorimeter | Flight In Calorimeter
(B<1) SCT TRT (B<1) Muon Spec. | (B<1)
(B~1) (B~1) (B<1)
RPV v
AMSB v v
LL Stau v v v v v v
R-had 4 v 4 4
s Radius of each detector
{ ATLAS CMS
Vertex 0.1mm 0.1mm
rkas-:rif‘ o K Pixel or SCT | 5-50cm 5-100cm
” By TRT 50-100cm No
::;m : ; Hcal 2-4m (A t~1nsec) 1.5-2.5m
L 5-10m(A t~1nsec) | 4-6m

R = 122.5 mm}-
Pixels { R = 88.5 mm
R =50.5mm

R‘-Omm‘ -

Hadronic calorimeter Fe or Brass
Depth 1m time resolution ~1nsec




B) Anomaly Mediated SUSY Breaking Long-lived chargino

-
& 3200 | 9=
3 luino v
£ zm- AU + g g ;l
H® H i
2400 i
g—x —»
2000 -
IL 12
Iy ———
1600 - 'y h
ool Bino i
8@'
ol Wino Py iE
hu
o
Proton q
g g
N—> wino
Proton

>  wino

AMSB is one of the simplest & promising
model in which SUSY breaking is
mediated by quantum loop

Bino:Wino:gluino ~ 3:1:7

Gluino is heavy 126GeV

On the other hand, Higgs

Chargino is still light can be explained
naturally.

Wino Pair (+-, +0) productions

have large cross-section

and also high PT jet (ISR)

is expected since LHC is gluon quark collider.

Monojet topology + Wino signal is signature

BUT the similar SM process gg->qZ ->qvv (monojet) has large cross-section:
We need additional signatures of AMSB to reduce this BG process.
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Decay in TRT or SSD (High Pt track > 100GeV &

] ] _ since cty ~0(10cm), reasonable number of
Chargino is Long-Lived Chargino decays in TRT (R=50-100cm)

Wino is LSP/NLSP

Am(wino* - wino® )~ 150-170MeV
Predictable and lifetime ct™~0(3 cm)
Charged Wino decays in ID:

High PT track & disappear

;B yer >CT

neutralino

Kink track
is obsarble

ISR jet | CMS you can do




Results at 8TeV
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Badly reconstructed track is BG for
high Pt region

Track interacting material is BG for middle Pt
These are estimated (fitted) by the real data

j Ldt=20.3fb", ys =8 TeV tanB = 5,1 > 0
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No excess was found for all SUSY searches

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)fb" V5=7,8TeV
miss _ ..

Model & T,y Jets ET™ [Ldt['] Mass limit Reference
MSUGRA/CMSSM 0 2-6jets Yes 203 |@.§ 1.7TeV. m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM leu 3-6jets Yes 203 |& 1.2 TeV any m(3) h ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 g 1.1 TeV any m(q) 1308.1841

7
L2 33,5 q,\7(1) 0 26jets  Yes 203 |§ 740 GeV m(B3)=0 GeV ATLAS-CONF-2013-047
S sz, g—)qul 0 2-6jets Yes 203 |& 1.3 TeV m(9)=0 GeV ATLAS-CONF-2013-047
S 2z &-q90i aqu*)gl leu 3-6jets Yes 203 |E& 1.18 TeV m(¥3)<200 GeV, m(¥*)=0.5(m(t7)+m(g)) ATLAS-CONF-2013-062
%] 88, E—qq(lt/tviv)a 2epn 0-3 jets - 20.3 3 1.12 TeV m(¥3)=0GeV ATLAS-CONF-2013-089
g GMSB (¢ NLSP) 2eu 2-4]:ets Yes 4.7 tang<15 1208.4688
g GMSB (£ NLSP) 127 0-2jets  Yes 207 1.4 TeV tang >18 ATLAS-CONF-2013-026
=  GGM (bino NLSP) 2y - Yes 48 m(¥3)>50 GeV 1209.0753
S
S  GGM (wino NLSP, 1epu+y - Yes 48 m(9)>50 GeV ATLAS-CONF-2012-144
= )
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 mp?f{)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 105 m(g)>10"* eV ATLAS-CONF-2012-147
q:; S g—bbY 0 3b Yes  20.1 g 1.2 TeV m(¥3)<600 GeV ATLAS-CONF-2013-061
> GE) g_n:i/?& 0 7-10jets  Yes 203 |& 1.1 TeV m(¥9) <350 GeV 1308.1841
T o EotE 0-1e,pu 3b Yes  20.1 g 1.34 TeV m(¥3)<400 GeV ATLAS-CONF-2013-061
= bty 0-1epu 3b Yes  20.1 g 1.3TeV m(t9)<300 GeV ATLAS-CONF-2013-061
bib, blabxg 0 2b Yes  20.1 By 100-620 GeV m(¥?)<90 GeV 1308.2631
0o blbl, by —th7 . 2e,u(SS) 03b Yes  20.7 |§1 275-430 GeV m@f)=2 m@E3) ATLAS-CONF-2013-007
< S #ti(light), f— bl 1-2epu 1-2b Yes 4.7 f 11 m(t9)=55 GeV 1208.4305. 1209.2102
S S #ilight), :1_»Wb>(‘} 2eu 0-2jets  Yes 203 |fH 130-220 GeV m@‘i) =m(%)-m(W)-50 GeV, . .
9:'8 i (medium), tﬁm 2e,u 2 jets Yes 203 |h 225-525 GeV m@:{) GeV ] St 0 I i m |t
I ‘5_ # 1 (medium), f1—b¥7T 0 2b Yes 20.1 t 150-580 GeV m(k3)<200 GeV, m(¥i)-m(¥1 p
S5 hiheavy) foth 1eu 1b Yes 207 |& 200-610 GeV m(¥3)=0 GeV
5 O Hiiheavy), Hi—th 0 2b Yes 205 | 320-660 GeV m(F%)=0 GeV ~ 400_ 5 OO G eV
»S hh, hod 0 mono-jet/ctagYes 203 | & 90-200 GeV mg/lo)»m()??)<85 GeV
# 1 (natural GMSB) 2eu(2) 1b Yes 20.7 T 500 GeV m(¥?)>150 GeV
b, hoh +27Z 3eu(2) 1b Yes 207 |& 271-520 GeV m(f)=m(¥3)+180 GeV ATLAS-CONF-2013-025
t’L Rl R, T80 2eu 0 Yes 203 |7 85-315 GeV m(#9)=0 Gev ATLAS-CONF-2013-049
) )?#)?I X+—>Zv(t’v) 2eu 0 Yes 203 | 125-450 GeV m(¥3)=0 GeV, m(Z, #)=0.5(m(¥})+m(¥3)) ATLAS-CONF-2013-049
= (9] )(1 X X1 —Ty(1¥) 27 - Yes 20.7 X 180-330 GeV m(#2)=0 GeV, m(#, #)=0.5(m(¥; )+m(¥})) ATLAS-CONF-2013-028
w3 )(1)( evae&e(w) 38 () Beu 0 Yes 207 | XA 600 GeV mF)=m(¥3), m(¥?)=0, m(Z, )=0.5(m(¥} )+m(¥3)) ATLAS-CONF-2013-035
X Wi ZX& 3epu 0 Yes 207 )?fiﬁ 315 GeV m(¥})=m(¥3), m(¥3)=0, sleptons decoupled | ATLAS-CONF-2013-035
Xiks— W)(1 hii 1eu 2b Yes 203 |Ai.A 285 GeV m(E})=m(¥3), m(¥3)=0, sleptons decoupled | ATLAS-CONF-2013-093
8 9 Direct¥i ¥ prod., long-lived £ Disapp.tk  Tjet  Yes 203 |& 270 GeV m(F})-m(7})=160 MeV, 7(¥{)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5jets  Yes 229 3 832 GeV m(¥3)=100 GeV, 10 us<7(&)<1000 s ATLAS-CONF-2013-057
g,-ﬁ GMSB, stable 7, Bt i) BT( ep) 121 - - 15.9 10<lan§0<50 ATLAS-CONF-2013-058
S 8 GMSB B —yE, long-lived 1 2y - Yes 47 0.4<7(¥1)<2 ns 1304.6310
=l 43, )(?—»qqy (RPV) 14, dlspl. vix - - 20.3 (] 1.0 Tev 1.5 <cr<156 mm, BR(u)=1, m(f9)=108 GeV | ATLAS-CONF-2013-092
LFV pp—v, + X, ¥r—e+u 2eu - 4.6 A%,=0.10, 413,=0.05 1212.1272
LFV pp—¥; + X, ¥:—e(u) + lepu+t - - 4.6 A31;=0.10, A;(2)33=0.05 1212.1272
> B|I|near RPV CMSSM leu 7 jets Yes 4.7 m(g)=m(g), ctisp<1 mm ATLAS-CONF-2012-140
& XJLXI X - W)( )(6—>eevu, euve 4epu - Yes 20.7 760 GeV mp\“/g)>300 GeV, 132:>0 ATLAS-CONF-2013-036
XL, X > W, X1, ety Beu+T - Yes 207 350 GeV m(¥3)>80 GeV, 135>0 ATLAS-CONF-2013-036
£-qqq 0 6-7 jets - 20.3 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g-tit, hiobs 2e,u(SS) 03b Yes  20.7 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets 4.6 incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—tt 2 e, u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
2 , ,
‘O" WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
\/_ =8TeV 1 0_1 1 M I T V
full data ass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



Events / 200 GeV

Never give up, we have 14TeV

105 E Ll ] Ll Ll T ' Ll L] L] I L] Al T I T ﬂ

E ATLAS Preliminaw (Simulation) E ; 1000 Ll l L I L I L I L I T LI I L l L l LB} 'E
N s . ) N ("9’ ATLAS Simulation \s=14 TeV =
104 s =z1_;,T3V (simulation) - s == 3000 fb ' discovery reach T 51 - 1-lent iet =
S — 1f semileptonic 3 £ 800F s 3000 ' exclusion g5t oL, 1y (M >> M)z 1-lepton (ey) + jets - =
- ~— {f had-tau(had) ] 200 —— 300 fo discovery reach mt = by ( m -m. = 20 GeV): 2-lepton (ep) E
1 03 — W leptonic . £ 07 (m_>> m)iNB=T oV, 471" 3
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m; [GeV]

We can cover gluino/squark upto ~ 3TeV
stop 600-700 GeV

1) Boost up EW gaugino direct production, 2) Understand BG at high end
3) degenerate case




m, , [GeV]

Interesting SUSY parameters predicted by Higgs 125.5GeV will be covered
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Additional slide



BG1: Control regions

QCD multi-jets processes becomes BG
when v emits in a heavy flavor jet

or when jet energy is miss-measured
( Fake mET) .

energy mis-measurement

AD(jet vs mET) <0.4 is required
to enhance QCD processes.

Data is harder than PYTHIA prediction.
PYTHIA is parton shower scheme,

To produce high PT jet, Q"2 of shower
evolution is set high, still not enough,

On the other hand, Q"2 is high

then too many jets are produced in PYTHIA
and there is discrepancy.

The other MC also can not reproduce
multijet + mET topology.

Entries / 100 GeV

DATA /MC

(QCD)

C T | T T I T T T T | T T | T T T T | T T T T ] —]
10° e Data2011§s=7TeV) 3
= _ -1 — SM Total 3
105 J.L dt=1.04 1o [CJQCD multijet .
E 3 W+jets 3
100 Four Jet Channel  pum7.jets b
= 11t and single top E
P SM + SU(660,240,0,10)
02? ATLAS Preliminary .
10° =
10g PYTHIA
1 -
2.5 T .. : LI .. i RN R A _E
2 E = - s o EB e o o et A~ S — _;

1 fmmmeeme e -
% 500 1000 1500 2000 2500 3000

m, [GeV]

Meff= mET+ X PT (jet)

QCD BG is estimated
with real data using this CR



Entries / 100 GeV

DATA /MC

BG2: Control regions (W)

W + jets (1lep without b)

E T I T I | T T T I I I T T T | T T I T | T T T T | T I T T |
= e Data 2011 (s =7 TeV) -
i _ -1 — SM Total N
10* = JL dt=1.04 b [JQCD multijet E
- 3 W+jets -
10° N Four Jet Channel B Z+iets N
= [CJtt and single top 3
I T T SM + SU(660,240,0,10) 7
10% = e =
= ATLAS Preliminary E
102 ALPGEN E
1= =
10 -
- L l | 1 l —
25 ' -
2 S - S-. g - ;
1E % e e 5
% ~ 500 1000 1500 2000 2500 _ 3000
m, [GeV]

Mr = [2E8=pL(1 — cos(Ady pose)

M.< Mw & no bjets are required
to select W+jets sample.
Blue shows the simulated W+jets BG.

MC is produced with ALPGEN.

Slop is slightly different: Data is harder
SHERPA is better to reproduce a shape.
(Not physics, just different scale for as)

Currently

shape predicted by SHERPA
/Madgraph(CMS) is used
Normalization is determined by data

BUT Nobody can believe shape of MC in high mET/HT region. We need some
idea to estimate BG using real data for this region.



Physics process is

BG3: Control regions (Z) thesameaswujers

1= S S B B B B B L L B B B R
BG (Z'>VV)+JetS Zg - CMS Preliminary, 3.9 fb".Va =8 TeV ]
can be estimated S 3 [CISystemstic uncentsinty =
—_ L O o, <055 —a, >0.55 (u +jete) R
i B _  [J 0b-tage— 1b-tag (u + jets) :
with Z( >“) 2; o A 1b-tag—2bags (u + jeta) ]
q P : A Large unéertainty
=z 1 the signal
oo n ¥ ¢ |  region
- > 50%
| - _‘
g g . -
_2:.I....I....I....l....l....l....l...:.
300 400 500 600 700 800 900
Events with high PT jet are Hy (GeV)
expected.

we can examine using y+Jets, Z(—>uu) +jets; But stat. is too limited for High Pt

Currently MC produced by ALPGEN/ SHERPA / MADGRAPH(CMS) are
used and Normalization has been performed using data(Control region).

There are two serious problems:
Problem

We need some
idea to estimate for
high mET & HT region

No body believes MC for such a high end of the kinematics.
depends on PDF, as(scale what scale is used),




Entries / 100 GeV

DATA /MC

BG4: Control regions (tt)
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- Waiet .
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S — SM + SU(660,240,0,10)
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Data agree well

M;< M, & bjets are selected
to enhance tt sample

tt is not dominant BG except for
mET+bjet analysis,
since o at 7TeV is 170pb.

It becomes serious at ECM=14TeV
(830pb)

Now basically We use MC even
with normalization.

Problem

tt+Njets,

“Additional Njets” is key
still need more data and
study




dE/dx estimator (MeV/cm)

(A1) dE/dx in Si tracker

CMS Preliminary 2010 \/s =7 TeV

-
o

;~l| i||||||||||||I TTT
W —— Fit to reference Data

CMS Vs=7TeV 5.01b”"

8§ dgFrrrrrrprrrpoaapTaoog
o -
g 3
g ]
5 107 3
B Tracker = Only >
% ® Observed

E A MC-SM

9 ;_ Extrapolation jz

8 dIE-K";%c =
- ax " 3

= With C = 2587 - 0001 =

6F =

ME .
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3E

2F 10
(=

O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 1
005115 2253354455

P (GeV/c)

lonization energy loss dE/dX ~1/B2
We can use this information to search
for heavy stable particles.

10-4 é- B MC- 300 GeV/et
- ¥ MC=§ 800 Gev/e
3 4 % & MC-§ 800 GeVie*
é_ ®
B
10 : ®
i ‘;; }
10"F
1 1 1 l 1 1 1 1 1 I 1 1 l 1 1 1
0 0.2 0.4 0.6 0.8

Pi is the probability

for a minimum-—ionizing particle (MIP) to produce a

charge smaller or equal to the i-th

charge measurement for the observed path length in

the detector
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(A2) TOF information using muon

drift time = TDC output time
- To(flight time from IP)
drift circle = function(drift time)
Then the position is determined.

But =1 is assumed for this calculation.
For the particle with <1,
drift circle become wrong.

Then the chi*2 becomes worse, since the

calculated drift is worse.
TO is fitted to obtain best chi*2

8=0.3-0.95

B resolution ~ 7%

MDT tube
anode wire

drift circle—

IP
o
] ® Observed
-5 10-1 A MC-SM
g B MC.GMSS 1, 247 Gev/e
° 4 Y NG GMSE T, 370 GeVie!
§ 102 ‘ *  NC.GMSS T, 494 GV,
£
£ g
fI'If
10-4 A® T YY.”T‘I
®
10°® f ’T
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107 2 3



(A1) dE/dx inID + (A2) muon TOF ()

CMS Vs=7TeV 50"

% T T T T T §
S Tracker + TOF 3
& - E' e  Observed i
g F ¢ [_A ] Data-based SM prediction -?
P o L [ ¥ | SM prediction (MC) .
'g 1 E ¢ [ MC-Stau (M=156 GeV/c?) 3
— — -
10 F 3
10 E E
L i E
4 .
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10" "‘A 3
A =
10-2 | S_L‘ 1 1 | 1 1 1 l-
0 500 1000
\/l—_ﬁz Mass (GeV/c?)
m=p——m——
p
PT>50GeV Data 72079 events

las>0.05 BG 88010+- 8800(sys) event

1/B> 1.05

:

1

10"

102

10°

CMS Vs=7TeV 50fh"
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-

1

Theoretical Prediction
m—— gluino (NLO+NLL)

1

uun stop (NLO+NLL)
Binini Palr Prod, stau (NLO) g stop
— GMSB stau (NLO)

T T 1 T l T T

Tracker + TOF
—¥— gluino; 50% gg
—— gluino; 10% gg

~¥— Pair Prod, stau
—¥— GMSB stau

500

1000

314GeV is excluded (95%CL)
for stable stau.
direct production

BG is estimated assuming that PT, dE/dx and 1/B are independent




Extra-dimension

Why is topics of extra-dimension selected for exotic searches?
No | am a mad (bad?) physicist !!!

ED models provide various event topologies!!!

Lesson

Do not believe theorists!!

New particles searches should be based
on topologies. ED & SUSY provide ....




(1) Large Volume : ADD model
Large Extra Dimension flat space

(M, IN8m)* =V,M}" (ADD) V ours

When My=1TeV

2 R~10%2fm ~1mm
6 R~100 fm

d
d

Light KK Graviton (d=2 1/R=10%eV d=6 1/R=7MeV) > Many KK state

1/R << TeV G: Many KK state contribute and sum of these contributions becomes
large: Gravity coupling is enhanced and proportional to energy.

For Large d, number of KK state decreases quickly -> sensitivity becomes worse

Expected Event Topology @ LHC
Graviton emission (monojet, y+ missing)
Graviton exchange (high mass lepton pair, high mass jet pair)
BH, Stringball, 2jet




(2) Curved space (RS-I) Hidden bray

in the curved space-time (k: curvature) our brane
A=M,exp(-nkR) £
when R(distance between two brane)~12/k our

mMkR~40 then A~1TeV

KK Graviton

Coupling parameter c=v(8m)k/M;=0.01-0.1
M, = kx.exp(-krm) (x,, =3.83,7.02... for n=1,2...)

Event topology @ LHC
KK-Graviton exchange  high mass lepton resonance,
high massyy resonance
KK gluon exchange high mass top pair resonance




, . . AM/M=20%
(3) Universal Extra dimension +1/R=700 GeV , sssgev

All particles(not only graviton, but all SM)
can travel in bulk of extra dimension

All SM particles has KK

KK parity exists with some boundary | :
condition s T o
KK Parity SM KK even 15t KK odd I |

Solid : dominant =™ . Y
Dotted : rare 700GeV < N

y=tR
| )

@ g1 p‘u ity

=0
4 (llmensmnal spacetime 4 dimensional spacetime,

St com pactification S1/ 72 compactification

WGaY V:‘| n C\
. \ )

Event topology @ LHC
1) KK photon is LKKP (DM 0.7-1.5TeV)
SUSY-like signal , but degenerated spectrum
0t order all KK particles has 1/R
2) gluon(1)->tt (Gauge Boson has KK state
fermion is on brane with Higgs)
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topology
Simple

|

compli-
cated

Observed event topologies are summarized here

ADD (Graviton) RS UED | comment
emission | s-chan | t-channel | Graviton

monojet o simple
y+missing (monoy) o simple
e'e” W' non-reso o DY BG

resonance o 7 W
YV non-reso o

resonance ©
U (SS) o BG free
2jets o o A difficult
boosted top subjet
multi-objcet w/o lep o QCD BG
with lepton o
mET+Lepton+jets A o SUSY-like

A o GMSUSY

MET with Photon

ogood A we will see excess, but not leading channel




