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TeV-Scale Physics Program (KAKEN 2303, 2011-2015)
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Covering wide range of

AO01: Higgs .
A02: SUSY/GUT

A03: Standard Model
A04: Top quark physics
AQ5: TeV-scale theory
AQ6: Energy frontier

(*) include detector development.

i Theorv[

BO1: Cosmology

BO2: Space-time concept
BO3: String theory

BO4: Hierarchy problem
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LHC and upgrade plan
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0.1

ﬁ Year HL-LHC runs
<>

2016-17, TDR for HL-LHC  We already need to prepare

Integrated luminosity [fb]

technical assessment toward HL-LHC.
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ATLAS detector (Run-1, 2010-2012)

Key parameter for upgrade:

- LHC beam collision : 30MHz Upgrade is designed to improve
3-step trigger : L1 75kHz / L2 2kHz / EF ~400Hz these two parameters.
44m
- Radiation damage il ™

At some point, have to .
replace inner tracker. ... I

25m

Tile calorimeters

‘ > LAr hadronic end-cap and
forward calorimeters
Pixel detector .

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor fracker
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ATLAS upgrade plan

LS1:2013 - 2015 LS2 : 2018 - 2019

1) Install new IBL silicon detector, 1) Upgrade trigger read-out in calorimeter,
2) Improve the muon trigger logic, 2) Install muon small wheel.
3) Upgrade of trigger architecture,

) . LS3 : 2022 - 2025

1) Full replacement of the inner tracker,
2) ....many many...

D

LHC runs ~2035 (?)
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r =425 mm : IBL Support Tube (IST)

ATLAS upgrade plan (LS1, 2013-2015)

1) Introduction of 4th Pixel layer on beam pipe at r=33mm.

)

llllllllllllllll'lllllll

Placing further inner region of already-existing IP3D+SV1 - f sample

Pixel (3-layer) detectors.

11111l

—— |8L geometry

—— ATLAS geometry

The beam-pipe : 35mm ->24mm.

Light jet rejection
<

1 |||||||
L1 lllllll

3

|:> Good resolution for vertexing.

|| lllllll

KEK, Tokyo Tech.

1 |||||||
L1 lllllll

1 1 1 1 l 1 1 1 L I 1 1 L 1 I 1 L 1 1 I 1 1 1
45 06 07 08 09 1
b jet efficiency

>30% better b-tagging performance

Tolerable up to L=450fb!
Pixel +12M ch. (current 80M ch)
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2) Upgrade read-out system in muon trigger

L1 muon rate was dominated by fake
at large |n| region, which comes from
particles produced at EndCap-toroid /

beam-shields.
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KEK, Kyoto, Nagoya, Kobe, Tokyo
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ATLAS Run 201289 [LBXGB] LHC FIII 2516 Ab\15 2012 50ns Spacmg

LS1 upgrade, 2013-2015

muon fake

Number of Rol

Nw"'w'"w'”w"'
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ATLAS Prelyninary
L1_MU11 Rol

[::l Rol matched to reconstructed muon

TTT N T

To suppress forward-fake background,

Tight coincidence window in inner side,
Combined read-out with Tile calorimeter.

Allowing pT>20GeV threshold at L1



3) Introduction of Fast Tracker (FTK) after Level 1

LS1 upgrade, 2013-2015

4) Improved L1 scheme (topological trigger)
5) Now, 2-step trigger (L1 100kHz / HLT 1000Hz)

Run-1 DAQ TDR 1999 OLD

Interaction rate
~1 GHz CALO MUON TRACKING

Bunch crossing |
rate 40 MHz

LEVEL 1
TRIGGER

<75(100) kHz

Pipeline
memories

Derandomizers

| Readout drivers
(RODs)

=

Regions of Interest | | (| ||

LEVEL 2 Readout buffers
TRIGGER (ROBs)
~ 1 kHz

| Event builder |

Run-2 DAQ
NEW
Interaction rate
~1 GHz CALO MUON TRACKING
Bunch crossing 1 T
rate 40 MHz !
Pipeline
C) memories
Derandomizers
: Readout drivers
Regions of Interest | || | | | (RODs)
Topological
processor
LEVEL 1 FTK
TRIGGER
<100 kHz

High Level Trigger Full-event buffers

EVENT FILTER FuII-eventdbuffers and
_—— an b-f

~ 100 Hz processor sub-farms <1000 Hz processor sub-larms

v v v
| Event builder |
Data recording *
Data recording
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3) Introduction of Fast Tracker (FTK) after Level 1
4) Improved L1 scheme (topological trigger)
5) Now, 2-step trigger (L1 100kHz / HLT 1000Hz)

OLD ' NEW
Run-1 DAQ TDR 1999 .
Interaction rate
~1 GHz
i Bunch crossing
Int tio t
il i CALO MUON TRACKING rate 40 MHz
Bunch crossing |
rate 40 MHz
Pipeline
LEVEL 1 mgmories
TRIGGER
<75(100) kHz

LS1 upgrade, 2013-2015

Run-2 DAQ

CALO MUON TRACKING

Pipeline
memories

Derandomizers
| Readout drivers

Derandomizers Regions of Interest | (RODs)
Regions of Interest (F‘F?ggg;“ drivers Topological
— rocessor
LEVEL.2" Readol byffers P LEVEL 1 No Level 2 FTK
TRIGGER _\ (EOEs), ——— —=—=-=41 :
~ 1 kH. )
7 - = < 100 kHz
¢ | Event builder |,
~ —y - . .
— —— Full-event buffers
Full-event buffers High Level Trigger and

EVENT FILTER
~ 100 Hz

and
processor sub-farms

<1000 Hz

processor sub-farms

EB placed in the end

PR Ll sl W

| N\

‘XL __Event builder

Data recording
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3) Introduction of Fast Tracker (FT| Fast Tracker Allowing full track reconstruction
. right after L1.
4) |mproved L1 scheme (topo|0g|c B SUSMAMMMM A s s
_t_:: 355 ATLAS Simulation, no IBL
5) Now, 2-step trigger (L1 100kHz T o e o
E [ Linew #1t -~
5 Linax it ~* .“6“
- ot
Run-1 DAQ TDR 1999 2= vf':‘““
15§ . ‘“‘l“
10!
Interaction rate t
Bunch :
o Topological processor Normber o Vertices
LEVEL
TRIGG
100 ; % Derandomizers
< 75 (100 Readout drivers
= Jl | | | (RODs)
Regions of . P
)
LEV] P AN ¢ FTK \‘
TRIG ,
~1H4 N s
]
. . . Full-event buffers
event| Taking L1 Rol, apply kinematical and
lections processor sub-farms
~100 se .
v v v
A9, An | Event builder |
\ - o
Data recording
Jet-muon Transverse
separation Mass
H ,Me"
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ATLAS upgrade plan (LS2, 2018-2019)

1) Upgrade LAr. Calorimeter read-out trigger system.

|:> Fine segment at L1.

Allowing sophisticated clustering,
forming shower shape.

1. Rol location based on current
Level-1 trigger system

2. Algorithm seeded by most
energetic AnxA¢$=0.025x0.1
Super-cell

|:> Development of filtering algorithm.

3. 2nd most energetic neighbour in ¢
(above or below) define cluster
AnxA¢=0.2x0.2 core

/ A n

e

Currently, operating 5-sampling mode.
But 32-sampling points are maximally usable

z

4. Add neighbours in n,¢ to form cluster.
Wider eta environment for isolation/

rejection
i
Tl 4t
RN
“ Pile- rrection on board
e boonfy ! e-up correction o oard. Tokyo
B o Vi | 8 M jected E (GeV)
== \ i SEREE njected Energy = . | '
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2) Construction of new small wheel (muon)

Need fine pitch fast muon chamber.

So far, current gas chamber can not

sustainable to 300kHz output rate.

|:> replace to sTGC / Micromegas

2m
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LS2 upgrade, 2018-2019

:I 1T | L | T T | L | LI | L | L | 1T l:
- Ys= 14 TeV L=10> cm3s™" -
B » Extrapolation ]
B without NSW 7]
- s+ m||>1.05 a
= v ml<1.05 E
C m Extrapolation .
B with NSW ]
SRS
i S ]
= ATLAS Preliminary Y
_I 111 I | I . I | | I | I | I - I | | I | I I 111 I_
5 10 15 20 25 30 35 40 45

P, threshold [GeV]

—a—k)/BEE2014

Kobe, Tokyo
13

Micromegas, foil



700

ATLAS Preliminary

Prediction

20
Integrated Luminosity [fb™]

25

PRI B T R
15 30

g) 600
ATLAS upgrade plan (LS3, 2022-2025) & = e "5
3 e Layer1 — tioc m
5 400 » Layer2 - tio
1) Full replacement of the inner tracker. 300
200
Siarea: 62 m? -> 193 m? 00
= Sensor development (low cost, radiation tolerable...) % &
= Optimal layout (small surface without performance degradation)

L1 track trigger

KEK FE-14

"> HL-LHC TDR 2016/17.
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Highlight and perspective

Higgs appears in PDG(2014) !

P J=0

Ma= m - 1257 + 0.4 GaV

H® Signal Stresgths n Diffarent Channals
Combined Fisal States = 1.17 £+ 017 (S = 12)
Ww* - 087402
Zz 11135 (5-13)
11~ 15810%
b5~ 11405
tHr =04+£06
Zy«< 95 CL - 95%
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nggs summary Update : December 2014
ATLAS Prelim. |—ol(stat)  Total uncertainty

Signal strength : pu=0/ o,

my = 125.36 GeV  |__ G(tsr‘(SJR,c' +ic onp
where o), is based on NNLO. H— vy ‘023
w=1.177027 155 i
Statistics and systematics uncertainties T

H—- ZZ* — 4l iy

0.21
w= 144i8§g "o

are almost comparable.

Last update : H s WW* = Iy [foe o
= H->WW observation paper w=1.09353|"01
30% improvement, 6.1o EPTE0E o T
(arXiv:1412.2641 ) W.zH=bb o |
_ w=0593102| —1—
= H->tt evidence paper (4.50) R
H i —
( ATLAS-CONF-2014-061 ) o -
w=1.437103 —T
cf ' R R LR N B
NNLO -> NNNLO: theory ~15% up? 0O 0.5 1 1.5 2

(R.D.Ball et al arXiv:1303.3590)  's=7TeV [Ldt=4.5-47 "

(1. Tanaka @ ATLAS-BelleTl WS)  1s=8TeV [Ldt=203 b’ Signal strength ()

released 09.12.2014
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Mass measurements

<
Phys.Rev.D90 (2014) 052004 ~
Energy calibration: ¢ /y: 0.2-0.3%
w: 0.1-0.2%
Measured value (combined) :
my = 125.36 + 0.37 (stat) + 0.18 (syst) GeV
Slight deviation seen between channels.
|:> could be checked by H->Zy, upu mode
(not observed yet) in Run-2.
CHe>y oo H->4]
R ) 3 a5k arias PRI
| =P ISl Sl ég
; ignal-+backgroun % 30 ? \s=7TeV:J.Ld1=4»5'b‘ =?ackgroundfz»
8% 0=1.6/2.2/1.8GeV
i O80 90 100 110 120 130 140 150 160 170

m,, [GeV]
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8 .
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4 } ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2c
2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, J1o
o C .
129
my, [GeV]
7 _\ | T T 1T | LI | LU J LI LI LI | T 11T | LI | T T T1T
- ATLAS —— Combined yy+41 ]
g Vs=7TeV [Ldt=45 fo! — Hoyy ]
C \s=8TeV JLdt=203 fo — HoZZ* >4l .
s= without systematics
4 :— ------------------------------------------------------------------------ —: 26
3 =
2 =
1:— ------------------------------------------------------------------------ 16
: | 11 1 1 | 111 1 | 1111 |:
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|E-|S :I 1T T T T LI T TT | TTTT | T T 1T | TTTT T 1T I_
T ATLAS E
Coupling measurements 3l HoWWS VY -
E \/§=7TeV,45fb' E
Coupling strength : Megrs Hypr Dec.2014 3 5=8TeV,203f"
T3 2F E
g +Obs(1.0,1.3) |
9 H éwa(_ H - EObstic g
g - Z Y JE [ Obst2c E
W - : (]Obs+3c ]
Gluon Fusion (GF) Vector Boson Fusion (VBE) - ° ExpSM(1,1) E
- iExpSM+1,2,361
0 =
. _I L1l | | 1 Il\l‘\ 111 | 1111 | | | 1111 | | | I:
Moriond, 2014 0 1 5 5 4

ll::_\ I_I | L | LI | T 17T L | T 17T | L I L | L T u
% 10_ + Standard Model /7" ATLAS Preliminary . 9gF
;; ~ X Best fit R 7 T 5I_I‘III\|IIII\I\IIII\III\||III‘\III|IIII|I\II_
N3 e : . \s=7TeV [Ldt=46-48%" - > o -
Ay 8 - osual : " \s=8TeV |Ldt=203f" - ) X Best fit ]
=7 B - ] 8> [is-8Tev, 2031 e ]
B y ] 4+ 95% C.L. _
6 I Cis=7TeV,4507 68% C.L. -
- — : : ZZW* > vl . 3 " ATLAS Preliminary + SM prediction -
41— ] i ]
B ] - my, = 125.36 GeV+
o[ _' - §
ol ‘ - 1 ]
| my=125.5GeV ] E ................. E
- 11 I | I I | | 1111 | 111 | 1111 | | | | | I | | 11 1 I 111 I 11 —
2 -2 -1 O 1 2 4 5 6 OCt.K?I_Ilﬁ 11 | |- | 111l | 1111 ‘ 1111 | L1l ‘ 111l | | | | 111 |:
'Y'Y,ZZ*,WW*,’CT '2 '1 0 1 2 3 4 5 6 7
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IE-IS _I 1T T T T LI \Illlll\lllll\l\lll T 1T I_
<

3. C ]

. s ATLAS ]
Coupling measurements 3 HoWW Y
E \/§=7TeV,45fb' E

Coupling strength : L., Wyg Dec.2014 3 5=8TeV,203f"

2 C 1

T g C 7

q 7 - +Obs(1.0,1.3) 1

%H wé/Vu(»_ H - EObst1o .

o W, Z 5 - Obs+2c :

g < - [+ E

MM ﬁl/ﬂ,\q 1 : : (Obs+3c .

Gluon Fusion (GF) Vector Boson Fusion (VBF) - . ExpSM(1,1) -

' - ; 0iExpSM+1,2,301

0 =

Moriond’ 2014 (Will be updated Soon) O_I L1l \\|\1|||\\ \||||2| 111 | 111 \3'\ | | 111 \4|-|_

ll::“ |_| | L | LI | T 17T | L | T 17T | L | L I T T |_| u

% 101 4 Standard Model 1~ ATLAS Prelimin ] oo
I [~ i = T TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTT1I
N3 of s 6-48f" - = SE T P
N @ 8__ --- 95% CL - ] & B ¥ Best fit ]
g B ] & X [ 1s=8TeV,20.3 " ]
B ] 4+ —95% C.L. _

6__ —Ho 77 54l ] E Is=7TeV,45f" ... 68% C.L. E

- —E:ZXW*_)MV . 3__ATLAS Preliminary + SM prediction -

41— ] i ]

B i i m,, = 125.36 GeV|

- - ol [ T ]

2_ — L _

- = - i ]

0__ ] 1= N

~ my,=125.5GeV . E .................. E

11 | | I I | | 1111 | 111 | 1111 | | | | | I | | 11 1 | 111 | 11 —

_2 -2 -1 0 1 2 3 4 5 6 OCt.K?I_Ilﬁ 11 | |- | 111l | 1111 ‘ 1111 | L1l ‘ 111l | | | | 111 I:
Almost consistent with SM Y22 WW' o 2 10 1 2 3 45 6 7
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Property measurements
Phys.Lett.B726 (2013) 120

SM Higgs boson : JP =0*
Test several hypothesis : 07, 1+, 17, 2*
from H->WW, H->ZZ, H->yy

H->Tt is coming soon.

S | R
= . ATLAS Preliminary i
2 L Simulation, \s =8 TeV —HO[125]
£ [ Ho WW'S ep/ue + 0 jets ~H2T[125] 7
pd

£ o2 |
5 i _I_I_ ]
5 i et i
< R |
0.1 E.........: |
I I

1 1 1 1 | L 1 1 L | 1 1 1 L I

% 1 2 3
Ad(Il)

December.22.2014

P
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ATLAS
H— vy e Data
Vs=8TeV [Ldt=20.7 fb"
v CL, expected
H— ZZ* — 4l

assuming JP=0"

Vs=7TeV [Ldt=4.61b" B+io

Vs=8TeV [Ldt=20.7 fo

H —> WW* — evuv/uvev
Vs =8TeV [Ldt=20.7 fb"




Beyond SM

Conventional MSSM scenario is almost died.

m,-max scenario : Obsolete parameter space...

All Higgs measurements supports SM-like. |:> Find parameter space in sin(B-a) ~ 1

% 2lIIII|IIII|IIIIIIIII|IIII|IIII|IIII|II[[l]III 'l""'llllllll_

G10°FATLAS (s=8 TeV, [ L dt=19.5-20.3 fb" B . :

R N!S;SM mh’"?" scenario,iMSUSY =1 iTeV, h/H/A— 1t ' ATLAS Intemal -

...................................... _ =1m20e fL dt = 19 5" _:

i T mh.=__1.30_Qe.V_ \J_s=8 TeV :

45 Data 2012 -

_ MSSM miy** scenario i

,,,,,,,,,,,,,,,,,,,,  — =128 GeV 7] 40_ —- Median expecied exclusion ‘—:

+g::§://°gtll:::tt m—1256ev: . E Observed exclusion 85% CL ]

4 e — ;z ceeee My =122 GeV 35,-_ —====- Observed «+ 1o theory .

3 7 : - 7) LEP 95/ CL I|m|t B o —

+1c,m C —=— Observed - 1o theory 0

2 W/MMWM m;lllllllllllllllllll-
100 200 300 400 500 600 700 800 900 1000 200 220 240 260 280 300

m, [GeV] m, [GeV]
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g =

What will be important in Run 2 and beyond™";"

Important Higgs measurements in Run-2/3 (L=100-300 fb1):

1. ttH production ... direct probe of the top Yukawa coupling.

2. Establish H->tt / bb mode ... strengthen fermion coupling.

3. Rare decay H->Zy, puu ... cross reference of Higgs mass measurement.
4. Nature of VBF production ... Vector Boson Scattering.

ATLAS Simulation Preliminary
is=14TeV: [Ld=300 b ; [Ldt=3000 fb"

High-Luminosity LHC (Run-4, L=3000fb™?)

1. Higgs self coupling ... so far, ¥30% accuracy
2. Higgs factory

|:I> Link to neutrino physics. (I think...)

0 005 01 015 02 025
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 \Vs=7,8TeV
Model & T,y Jets ED™ [Ldim) Mass limit Reference
T T Ll Ll I T T T T T T T T I T T Ll Ll L) L} T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4,8 1.7TeV  m(3)=m(g) 1405.7875
MSUGRA/CMSSM e 3-6jets  Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
1) MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 Tev any m(g) 1308.1841
g 43, q-»q,\?? 0 2-6jets  Yes 20.3 q 850 GeV m(t})=0 GeV, m(1* gen. §)=m(2" gen. §) 1405.7875
O 3z 3oqgh) 0 26jets Yes 203 |% 1.33 TeV m(¥})=0 GeV 1405.7875
S 38, 5oqatioggWER, 1epn 36jets Yes 203 |& 1.18 TeV m(F})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
2 33, g—)qg(f[/fv/vv)/\’? 2e,u 0-3 jets - 20.3 g 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
g GMSB (¢ NLSP) 2eu 2-4 jets Yes 4.7 tang<15 1208.4688
) GMSB (7 NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 tang >20 1407.0603
% GGM (bino NLSP) 2y - Yes 203 m(¥%)>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Teu+y - Yes 4.8 m(¥))>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
g' e} g—>be 1 0 3b Yes 201 |Z 1.25 TeV m(¥))<400 GeV 1407.0600
(S} g g—)tD( 0 7-10jets  Yes 203 |2 1.1 TeV m(t)) <350 GeV 1308.1841
T oy &MY, O-1e,u 3b Yes 201 |2 1.34 TeV ()? )<400 GeV 1407.0600
o g—obiY| 0-1e,p 3b Yes  20.1 z 1.3 TeV m(¥7)<300 GeV 1407.0600
biby, by —>le 0 2b Yes 20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
o e bbbty 2e,u(SS) 03b Yes 20.3 by 275-440 GeV m(¥7)=2 m(t}) 1404.2500
= S 77 (ight), 7 N 1-2e,u 1-2b Yes 4.7 7 11 m(¥})=55GeV 1208.4305, 1209.2102
S8 77 (ight), 7 >Wbt) 2e,u  0-2jets  Yes 203 |7 130-210 GeV M) =m (7, )-m(W)-50 GeV, m(7,)<<m(¥¥) 1403.4853
%‘g f171(medium), 7, —>ﬂ??+ 2epu 2jets  Yes 203 |7 215-530 GeV m(¥})=1GeV 1403.4853
<& hi(medium), fi—bt} 0 2b Yes 201 |7 150-580 GeV m(¥})<200 GeV, m(¥t)-m(¥})=5 GeV 1308.2631
© + 77 (heavy), fj >k 1eu 1b Yes 20 7 210-640 GeV m(¥})=0 GeV 1407.0583
.:” § 7171 (heavy), 7| >t 0 2b Yes 20.1 3 260-640 GeV m(x‘,’) =0 GeV 1406.1122
D i, o 0  mono-jet/c-tag Yes 20.3 3 90-240 GeV m(f)-m(¥})<85GeV 1407.0608
7171 (natural GMSB) 2e,p(2) 1b Yes 203 |7 150-580 GeV m(t))>150 GeV 1403.5222
by, h—t +Z Be,u(2) 1b Yes 203 |7 290-600 GeV m(¥))<200 GeV 1403.5222
ELRE R, [—w(, 2e,u 0 Yes 203 |7 90-325 GeV (¥1)=0 GeV 1403.5294
XL X —0v(tw) 2e,u 0 Yes 203 |k} 140-465 GeV (¥1)=0 GeV, m(Z, 7)= ols(mwf)mm’)) 1403.5294
> ‘g )21*)( ,)(T—ﬁv(n?) 27 - Yes 203 | ¥ 100-350 GeV m(E))= 0GeV, m(z,7)=0.5(m(¥; )+m(/\_’1)) 1407.0350
= )21*)? —>13LvtL€(w) VLLGV) 3ep 0 Yes 203 | X% 700 GeV mET)=m(&3), m(¥})= =0, m(Z,7)=0. 5(m(¥)+m(¥1)) 1402.7029
o Xl)( SWIZE) 23ep 0 Yes 203 ¥k 420 GeV (¥7)=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
Xé 2% _>WX] h lepn 2b Yes  20.3 )_(;xf 285 GeV i g ()?f):r_n()?g), m(¥1)=0, sleptons decoupled [ ATLAS-CONF-2013-093
XzXz,Xz 3 —>lrl 4ep 0 Yes 203 |k, 620 GeV m(¥39)=m(3), m(¥})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
"8 & Direct X{X| prod., long-lived ¥i  Disapp. trk 1 jet Yes 203 | & 270 GeV m(eT)-m(¥})=160 MeV, (¥7)=0.2 ns ATLAS-CONF-2013-069
é % Stable, stopped g R-hadron 0 1-5 jets Yes 27.9 g 832 GeV m(¥})=100 GeV, 10 us<7(z)<1000 s 1310.6584
SE GMSB, stable 7, X’?—»-?(E, p+r(e,p) 1-2p - - 15.9 10<tanf<50 ATLAS-CONF-2013-058
S 8 GMSB, ¥\—yG, long-lived ¥} 2y - Yes 4.7 0.4<7(P)<2 ns 1304.6310
=1 qq,)??—)qqy (RPV) 1y, displ. vtx - - 20.3 | g 1.0 TeV 1.5 <cT<156 mm, BR(1)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v; + X, Vr—e +u 2e,pu - - 4.6 A,,=0.10, 1,3,=0.05 1212.1272
LFV pp—v, + X, V:—e(u) + Teu+t - - 4.6 A,,,=0.10, 2,(2)33=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 g, 1.35 TeV m(g)=m(g), ctzsp<1 mm 1404.2500
& /\71)?1_,/?1 Swit )2 —eevy, euv, 4e,u - Yes 20.3 /Sff 750 GeV m(¥})>0.2xm(¥5), A12,#0 1405.5086
XX X »WRL X >ttve,erve Bepu+T . 7-' t Yes 203 |& 450 GeV "B“é?(?)bé’ﬁf(i)'"gg()’f‘é“fo 1405.5086
8—49494q 0 -7 Jets - 20.3 4 916 GeV 1)= =BR(c)=0% ATLAS-CONF-2013-091
g1, fi—bs 2¢,u(SS) 030 Yes 203 |2 850 GeV 1404.250
. Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—t 2e,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
5 WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
M| 1 1 1 1 PR

P | 1 L
=8TeV _
e G S aTA i

*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.




ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: ICHEP 2014 [£dt=(1.0-203)fb" 5=7,8TeV
Model t,y Jets ET* [rdim™ Mass limit Reference
L ! ! o rTr L ! ! L
ADD Gkxk + g/q - 1-2j Yes 4.7 n=2 1210.4491
ADD non-resonant ¢£ 2e,p - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — £q 1epu 1j - 20.3 n=6 1311.2006
ADD QBH - 2j - 20.3 n==6 to be submitted to PRD
ADD BH high Ny 2 u(SS) - - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high Y p1 >leu >2j - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1405.4254
RS1 Gki — € 2e,pu - - 20.3 k/Mp = 0.1 1405.4123
RS1 Gk — WW — tvly 2e,u - Yes 47 Te! k/Mp =0.1 1208.2880
Bulk RS Gkx — ZZ — tlqq 2eu 2j/14 - 20.3 k/Mp; =1.0 ATLAS-CONF-2014-039
Bulk RS Gxx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 GeV [l k/Mp; = 1.0 ATLAS-CONF-2014-005
Bulk RS gik — tt Tep =1b,>1J2) Yes 14.3 BR = 0.925 ATLAS-CONF-2013-052
S'/7, ED 2e,u - - 5.0 R 1209.2535
UED 2y - Yes 4.8 5 4 ATLAS-CONF-2012-072
» SSM Z' — ¢t 2e,pu - - 20.3 1405.4123
S SSMZ —rr 27 - - 195 ATLAS-CONF-2013-066
8 SSM W’ — ¢v leu - Yes 20.3 ATLAS-CONF-2014-017
g EGM W’ - WZ — &v ' 3eu - Yes 20.3 1406.4456
® EGM W' — WZ - qqtt 2e,pu 2j/1J - 20.3 ATLAS-CONF-2014-039
@  LRSM W} —tb lepu  2b01] Yes 143 ATLAS-CONF-2013-050
LRSM Wf’? — tb Oe,u >1b,1J - 20.3 to be submitted to EPJC
Cl gqqq . 2j - 4.8 1210.1718
. Cl qqtt 2epu - - 20.3 N =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,>21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
S EFT D5 operator (Dirac) Oe,u 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,u 14,<1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15 gen 2e >2j - 1.0 B=1 1112.4828
. Scalar LQ 2" gen 2u >2] - 1.0 p=1 1203.3172
Scalar LQ 3" gen lep1t 1b1j - 47 p=1 1303.0526
Vector-like quark TT — Ht + X ey 22b,>4j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
§~§’<’ Vector-like quark TT - Wb+ X 1eu >1b>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
S § Vector-like quark TT — Zt + X  2/283e,u  >2/>1b - 20.3 T in (T,B) doublet ATLAS-CONF-2014-036
I S vectorlike quark BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB —» Wt + X 2e,u(SS) >1b,>1j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051
Excited quark ¢g* — qy 1y 1j - 20.3 only u* and d*, A = m(q*) 1309.3230
Excited quark g* — qg - 2j - 20.3 only u* and d*, A = m(q*) to be submitted to PRD
Excited quark b* — Wt 1or2e,pu1b,2jorlj Yes 4.7 left-handed coupling 1301.1583
Excited lepton ¢* — ¢y 2e,u,1y - - 13.0 A=22TeV 1308.1364
LSTC a7 —» Wy Teu 1y - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2e,u 2j - 2.1 m(Wg) = 2 TeV, no mixing 1203.5420
by Type lll Seesaw 2e,u - - 5.8 |Ve|=0.055, | V,|=0.063, | V;|=0 ATLAS-CONF-2013-019
S Higgs triplet H** — ¢ 2 e,u(SS) - - 4.7 DY production, BR(H** — £()=1 1210.5070
O Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 20 DY production, |g| = 1gp 1207.6411
TR | L L M R SR | M R R R | L L L
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*Only a selection of the available mass limits on new states or phenomena is shown.
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Diboson Cross Section Measurements

Status: July 2014

o =44.0+0.04 3.2 -4.2 pb (data)
2yNNLO (theory)

o"(y7)[AR,, > 0.4]
ofid(Wy — tvy)

o =2.77+0.03+0.36 pb (data)
MCFM (theory)

— [Mjer = 0] P70 02200
of(Zy - £ey) r= 135002 01208 oo

—[Njer = 0] - Personally,
ool pp S WWAWz) |7 Veryinteresting

oid(WEW2jj) EWK - this fact...

total 4r:51.9r,\/2|C0FJKA4(.{rl] pb (?HIE)\I/
ota eory
o (pp—>WW) o =T7L4+12+55-4.9pb (data)

MCFM (theory)
—oFWW - ee) |7
— oMWW - pp)
- ofid(WW = ep)

o =73.9+59+75fb (data)
MCFM (theory)

o =262.3 +12.3+ 23.1 fb (data)
MCFM (theory)

0c=19.0+1.4-1.3+1.0 pb (data)
MCFM (theory)

0 =203+0.8-0.7+ 1.4 -1.3 pb (data)
MCFM (theory)

0=299.2+3.8-3.046.0-6.2fb (data)
MCFM (theory)

O.total(pp_)wz)
- ofI(WZ - tver)

c=67+07+ OA(Sh— O.4)pb (data)

total MCFM (theory
(02 (pp—)ZZ) 0 =7.1+05-0.4+0.4pb (data)
MCFM (theory)

o =76.0+18.0+ 4.0 fb (data)
Powheg (theory)

|
— g'ota (pp—>ZZ—>4f) o =107.0£9.0+5.0 b (data)
Powheg (theory)
fid o =254+33-3.0+1.6- 141 (data)
—o(ZZ - 4¢)
- ofid(Z2Z* - 4¢)

PowhegBox & gg2ZZ (theory)
- ofd(Z2Z* - ttvy)

o =20.74+1.3-1.2+1.0 fb (data)
MCFM (theory)

o =29.843.8-3.5+2.1-1.9fb (data)
PowhegBox & gg2ZZ (theory)

o=12743.1-29+1.28fb (data)
PowhegBox & gg2ZZ (theory)
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JHEP 01, 086 (2013)

PRD 87, 1120083 (2013)

PRD 87, 1120083 (2013)

PRD 87, 112003 (2013)

PRD 87, 112003 (2013)

ATLAS-CONF-2012-157

arXiv:1405.6241 [hep-ex]

PRD 87, 112001 (2013)
ATLAS-CONF-2014-033

PRD 87, 112001 (2013)

PRD 87, 112001 (2013)

PRD 87, 112001 (2013)

EPJC 72, 2173 (2012)
ATLAS-CONF-2013-021

ATLAS-CONF-2013-021

JHEP 03, 128 (2013)
ATLAS-CONF-2013-020
arXiv:1403.5657 [hep-ex]
arXiv:1403.5657 [hep-ex]
JHEP 03, 128 (2013)
ATLAS-CONF-2013-020

JHEP 03, 128 (2013)

JHEP 03, 128 (2013)
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Neutrino physics at LHC

—a—K)/EFE£2014
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Feynman diagram of T2K experiment (just example)

monitor
(pion decay) q K

[ Produced CC-interaction.

7fm clunpj;5 Per. &

Muon

M | A Longdistance Detected CC-interaction.
| om - detect

first horn
a2 | (5) Second hom
(6) Thard hom

ut

Kamioka
Not identical neutrino between

production and detection.

Neutrino oscillation measures
the weak mixing angle : PMNS.
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Analogy at LHC

We could do this analogy at LHC.

Proton jet
ot >
a T—)
Critical difference: w
Short range, but identical < N

neutrino between W’s. \

Prot 0
ro on S
jet

December.22.2014 —a—k)/BE£2014
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A) Search for heavy Majorana neutrino : Same flavor, same sign

C:\w u* Same diagram as PBB-decay
_____ ) ~>105Gev
VVNN\N————\ NN still important as direct search.

B) Search for Lepton Flavor Violating process : Different flavor, opposite sign

- (
type-lll 2HDM Y NU-SUSY
VVVWW \AANAN
€ tanf € tanf
H+
The cross section is enhanced at large tanp. used in p->ey experiment (MEG)

C) Precision measurement of SM process : Same flavor, opposite sign

ot wpo
Oy~ 100fb e

+
at m>1TeV B
AVAVAVAVA\ > AANANAN

Tree level LFV process

is strongly suppressed

by GIM-like mechanism.
29

UPMNS

Number of phase:l
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Possible neutrino program at LHC@14TeV

SM 10000 events @ L=100fb™!

VVWWN
VWV up to a few TeV(?)

Opposite sign Same sign
Same flavor Precision measurements Search for heavy Majonara
(negative interference, TGC, | v, LR-symmetry model,
GIM, # of v-phase(?)) Type-I(lll) Seesaw, H**
Different flavor Search for Lepton Flavor ?? too exotics??
Violating process through H*, | H**
SUSY

Probing 0.1% BR of LFV

December.22.2014 —a—rJ)J/BFEL2014 30



Possible neutrmo program at LHC@14TeV

-

’ SM 10000 events @ L= 100fb 1\

-~ -
— —___—

Opposite sign

VVWW

up to a few TeV(?)

Same sign

Same flavor Precision measuremenis
(negative interference, TGC,
GIM, # of v-phase(?))

Search for heavy Majonara
v, LR-symmetry model,
Type-I(lll) Seesaw, H**

Different flavor Search for Lepton Flavor

SUSY

Violating process through H*,

?? too exotics??
++

Probing 0.1% BR of LFV

December.22.2014 —a—rJ)J/BFEL2014

N\

This number is not bad.

Supposing 10% acceptance,
we still have 1000 events.
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Search for heavy Majorana neutrino

Neutrinoless same sign di-lepton events.

Counting experiment:

Source P

WZ 1.0+ 0.2 +0.3

zz 0.22+0.05*07

WW= 0.15+0.04 £0.08
ti+V 0.23+0.04+0.12

Charge mis-measurement

<0.03

06
Non—prompt 1.1+ 0.5 *0¢
Total background 27+ 0.5 107
Data 3

Validate data at control region:

:zz_ ATLAS Brotmia
140F
120
100
80kt
40

20

ILa-mB'
f5-7 TeV

Enties/ 10 GeV

?-_"IIIIII.III

20 40 60 80 100

December.22.2014

T
y

- Data
Il Others
ys4

Bwz

o (Stat.+ Syst)

120 140 1

TTTTT T

60 180 200
Muon p_[GeV]

o 15"'|"'|"'|"'|"'| T 1 T
Zi = ATLAS Preliminary
- det=4.7fb" ////
[ E=7Tv T
10" -

-
—

—&— Observed Limit
==-9=-+ Expected Limit
[ Expected Limit = 1o

Expected Limit + 2o
—— — CMS Limit (4.98 i, {s=7 TeV) ]

| T T T U W T U W O A OO

1 Sl Ly vy byva by 1ya
010

0 120 140 160 180 200 220 240 260 280 300

my, [GeV]

95% C.L. > 120GeV @ |VuN|=0.01

8 TeV analysis in pile line on the paper release.

But pre

—a—K)/EFE£2014

liminary, ~180GeV
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Events /20 GeV

Search for Type-lll Seesaw heavy ferminn

Type-lll Seasaw model predicts extra fermion, %
which may sequentially decay into Z/W and leptons.

= Search 4-leptons in the final state.
= Make invariant mass from 3-leptons.
= Validate data at control region. @

EREREEEERAE LSRR Ram
ATLAS -
Preliminary =
v
E:BTsV.J'Ld:.’).BIb" =

amana
Data —
ww
Wi
Z4ets

ZZ-control region

BF(N* — Z I*)x BF(N’ — W )

Events /20 GeV

Z+jets

ATLAS Preliminary 3

e/u

e/u, v
e/u

e/u
e/u, v

e/u

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

control region

100 150 200 250 300 350 400 450 500
December.22.2014 — 2 Tl JORMR 2 29014

Lat=581" 3
s=8Tev E
300350 400
my [GeV]
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Summary

= We plan “three-step” LHC upgrades up to 2025. (Then, HL-LHC will run ~2035(?))

These development (Japanese contribution) has been covered
by our “TeV-scale physics program”.

= Higgs measurements and SUSY direct search are primary goal for the next LHC running.

= Some connection to the neutrino physics program should exist in LHC.

Neutrino physics with a name of “TeV-scale phenomena”

Now, “di-boson” processes are fully opened with high statistics at Run-2.

di-boson : major background for new physics searches,
but also good source of the neutrino in “propagator”.

Any idea is welcome.



