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LHC Status
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L arge Hadron Collider (LHC)

26./ km proton (heavy ion) Accelerator

Detector
Multi-purpose : ATLAS / CMS
B physics : LHCb

Heavy lon : ALICE
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Detector

Multi-layer structure

Vertex detector EM calorimeter  Hadron calorimeter Muon System

Muon Detector
[T] Hadron Calorimeter

[T] Etectromagnetic
Calorimeter

[l solenoidal Magnet

D Tracking Detector

+ Beam Pipe




Collider Observable

# of Events
N — G(cross section) X L (luminosity)

QFT (+ Your model) + Energy

Distributions

dN/dM, dN/d @, -
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C O I I i d e r proton - (anti)proton cross sections
# of Events
N — O' (cross section)

Tevatron

Signal is 10 orders of magnitude smaller than BG
Need to Reduce Data - Trigger, Selection Cut

z o, (E;" > 100 GeV)

Experimental Challenge

Phenomenologist Idea .
ojel(ETJQ > Vs/4) |
G 1005(M=120 GeV)

200 GeV
500 GeV

Vs (TeV)

Function of Energy
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Energy
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Run |
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2015

ratios of LHC parton luminostties:
13TeV/8TeV,7TeV/8TeV , 13TeV

x50 @ 3TeV »

—n

o 100
[ qg

201541 1/9-13 YITP-QF T: Koji TSUMURA (Kyoto U.)



Integrated Luminosity
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Peak Luminosity
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Peak Luminosity
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Electron Cloud

5 eV

Beam screen

250 Typical e~ densities10'°-1012 m-3

Synchrotron Rad. - Photo-elec. @ Beam Screen Wall
- Accelerate Electron by Bunch

- Hit Wall & Emit Secondary Electron
-~ Electron Cloud
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Electron Cloud

-

<>

6 ATLAS Online Luminosity  is=13TeV
o LHC Stable Beams

Peak Lumi: 4.61x 10% cm? s

5 eV
Beam screen

| 25 ns |
Scrubbing Run f'

Vil

Peak Luminosity per Fill [10°% cm™2 s

0
27105 29/06 01/08 04/09 07/10 1011
Day in 2015
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U FO (Undefined Falling Object)
A nice picture
of some dust

UFOs (dust?) dropping from upper beam shield
- Hit the Beam (Collision outside Detector)
- Beam Loss 7
- Beam Bump (Need 8hrs for reboot)
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Physics Results
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Timeline of Analysis

201 1 2001 2 =2@iia. . 200 205
—_t >

7TeV 8TeV 13TeV
Run |
SM Discovery
—> | —>
TR R Higgs —

Simple New Phys. 3

T
Complicated New Phys., Minor New Phys.
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Run |l Prospects

WJS2013

ratios of LHC parton luminostties:
13TeV/8TeV, 7TeV/8TeV

x50 @ 3TeV Run | ~25fb"!
- (analyzed)

—0

- Run Il ~ 3fb-’
S— (collected)
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Runl (7/8 TeV )
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Dictionary

® Discovery / Observation
>50 [ 99.99994% ]

® Evidence
>30 [ 99.7% ]

® Anomaly (Excess / Deficit / -
>20 [95.5% ]

® Exclusion
BGonly>20 [ 95.5% ]
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Discovery / Observation

>50

1/1744278 : Every 4776 years
(Once in recorded history)
99.99994%
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Re-Discovery of the SM

My = \/ (P, +Ps,)> : Di-Muon Invariant Mass

-
o
[

Events/(GeV/c?)

—
o
w

-
o
N

CMS Preliminary

Ns=7TeV,L =125 pb™*

—_
o

1 2
u*p- mass ?GeVIc’)

201541 1/9-13 YITP-QF T: Koji TSUMURA (Kyoto U.)



Re-Discovery of W, top

lepton + Missing E+(v) [ w/ p; conservation ]

—e— Data 2010 §fs = 7 TeV)
COw-uv

—Jaco

B Z -

E W — v

[

[

[ 1tt
B single top
N Z+jets

W + jets
Il ecD
uncertainty

70 80 90 100 110 120
m, [GeV]

100 /200 300 400 500 600

W+ [GeV]

JJJ

Mr = \/219‘%19%(1 — cos(¢t — ¢¥))

201541 1/9-13 YITP-QF T: Koji TSUMURA (Kyoto U.)



Higgs
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Higgs Discovery

Data S/B Weighted
Sig+Bkg Fit (m_,=126.5 GeV)
Bkg (4th order polynomial)

7TeV,L=51fb'ys=8TeV,L=5.3fb"
T 1

|III
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P D G 2015 update New, Oct 2015 (cutoff 15t Jan)

J=0

Now, we can make precise predictions
Mass m = 125.09 £ 0.24 Ge\V.

HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.

Combined Final States = 1.17 + 0.17 (S =1.2)
W W* =0.81 + 0.16
ZZ* =1157038 (B.=12)

Official Combination

77 =0.79 £ 0.26
Zv < 9.5, CL =95%
tTHY Production = 2.5J_r8:g

p

HO DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

<58 % 95% -
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Iggs Production

T TTTT

L1111l

LHC HIGGS XS WG 2012
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Higgs Production

9 t
g g fusion : t r
g t
o (pb) o (pb) 14TeV

q ; @7TeV @14TeV [7TeV

WW, ZZ fusion : Gluon Fusion
(9gF)

Vector Boson
Fusion (VBF)

155 50.0 3.3
bz 4.2 3:5

Higgs-strahlung 0603 1500 25 30

(WH, ZH)
ttH i 0.6 6.0
ttbar [BG] 170 3830 4.9
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2015/11/9-13 YITP-QFT

Higgs Decay

Koji TSUMURA (Kyoto U.)

M bb (57%)

M cc(2.9%)
1T(6.2%)

B up(0.02%)

m yy(0.23%)
WW (22%)
77 (2.8%)
others



New, 15t Sep 2015

Official Combination

Individual Results

Channel Si rength [ 1] Signal signiflgn ol
Q. om results in this paper (Section 5.2 9
@ AT A \/ ATLAS CMS .
_ - - - Observation of gg, ZZ, WW
A | | I
NUTHE ) WS g e x

H— WW 1.2350 57 B0.9115 5 6.8 :
(+0-21y (+0-23) 5.6 Evidence of T T, (tt)

H— 1T Eh e D ORI 1. 3.4
o3 L0 (03 (3.3) 3.7)
. .0

H — bb 0.62703 0.817°,5
(o)

=0.7+3.6 0-8;;-5 Need more data for bb (Run Il)
(£3.) for pu, Zy (HL-LHC)

ttH production 1.9J_r81§7; 2-9J—r(1):(9)

4072 +0.88
(Z0.66) (Zo'80)
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New, 15t Sep 2015

Official Combination

Individual Results Combined Results

. . . ATLAS and CMS Preliminary - ATLAS
Channel Signal strength [ ] Signal significance [o] LHC Run 1 OMS

from results in this paper (Section 5.2) _\ , - ATLAS+CMS
ATLAS cMS O 5 —=1

0.20

H— 77 — 4¢ 1.5+(1)_%ng34 0> > ; 131t8%1
o ' ’ +0.18

H—WW I1.23i3;r_,’~;| 0.91t3;5"{| 5 . ; 1.11°, 7

(+O.211‘) (+0.23\

N A o ~o

EECE o | ooy 1125533
Coab B 039 0.69"0-29
H — bb 00/0 0.62705,  0.81%0% i 7 =0.27
O @ en eV | | EUNTIONNI

—-07+3.6 0.8+3.5 Parameter value
(£3.6) (£3.5)

ttH production 1.9f8:§7; 2-9J—r(1):(9)

4072 +0.88
(o66) (Zo'80)
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New, 15t Sep 2015

Testing Higgs Production

2015/11/9-13 YITP-QFT

ATLAS and CMS Preliminary -—-ATLAS

LHC Run 1 - CMS
-- ATLAS+CMS

—=+ 1o
—+ 20

0.17
1.037 15
0.25
1 . 181_0.23

0.40
0.887040

0.39
0.8070-3

+0.7
2306

25 3 35 4
Parameter value

Koji TSUMURA (Kyoto U.)



Testing Higgs Coupling

ATLAS and CMS g E - ATLAS and CMS
Iﬁtleﬁirﬁlrigrl/ [JH : WW LHC Run 1 Preliminary

H— bb

[(JH-w — Observed
[] Combined SM Higgs boson

* SM —68% CL
+ Best fit ---95% CL

OO 02040608 1 12141618 2 10 10°

Particle mass [GeV]

Indirect Test of BSM w/o New Particles
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Exclusion / Non-discovery

BG Only Hypothesis > 20

1/22 : Every 3 weeks
95.5%
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Z, Sea rCh (resonance s

My = \/(ple + pyy)? 1 di-lepton Invariant Mass

ATLAS e Data 2012
Z Ozv
§ B Top quark
Ldt=205fb [Jbiboson
\s=8TeV Z SSM (1.5 TeV)
[JZ SSM (2.5 TeV)

Jhy

’ o U\’“\J,\ J ~\\H‘S\;z,ss)

. Events/(Gevic?)

CMS Preliminary

Ns=7TeV, L =125 pb?!

Data/Expected
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Z, Sea rCh (resonance search)

My = \/(plg + pyy)? @ di-lepton Invariant Mass

.
** L2

ATLAS - Expected limit

! [ Expected= 1o
Lssm = | % [ ]Expected+ 2o
“.;— Observed limit -]

*

Model Prediction Clae '

ee:J Ldt=203fb"

pp: | Ldt=205fb"

2015/11/9-13 YITP-QFT

Exclusion

Koji TSUMURA (Kyoto U.)

ATLAS
Is=8TeV
QBH — |l

ee:J- Ldt=203fb"

pp:j Ldt=2051b"

--Expected limit
[JExpected + 1o
[ JExpected + 26
—Observed limit
—RS QBH n=1

—ADD QBH n=6




W, Sea rCh (edge search)

lepton + Missing E+(v) [ w/ p; conservation ]

W — uv

ATLAS Preliminary ~ —e— Data 2010 \s =7 TeV)
CIw-uw
-1
Lat=35pb" g, \s=8TeV
El W—v d 1
: [Ldt=20.3"f0

B

[ %

40 50 60 70 80 90 100 110 120
m, [GeV]

Data/Bkg

Mg = \/QPETPCV[’(l — cos(¢f — ¢*))
2015/11/9-13 YITP-QFT Koji TSUMURA (Kyoto U.)

e Data 2012
[JW’(0.5 TeV)
[JW’(1 TeV)
[JW’(3 TeV)
W
4
@ Top quark
[ ] Diboson
[ Multijet




W, Sea rCh (edge search)

L L L L L L B
ATLAS --e-- NNLO theory
—e— Observed limit
Expected limit
[ Expected * 16
Expected + 26

95% CL

w/ pr conservation ]

T T 1 T 1 | T 1 1 1
W’ — nv e Data 2012
‘ [JW’(0.5 TeV)
\s=8TeV CIW(1 TeV)
[Ldt=203f" [CIWETeY)
W
4
@ Top quark
[ ] Diboson
[ ]Multijet

1 IIIIIII| | IIIIHI| 1 1717

/

L Y

W —=lv
\s=8TeV, [Ldt=20.3fb"

|IIII|IIII|I1II|III!|IIII|IIIIF
00 1500 2000 2500 3000 3500 4000

_IIII| T ||II|I|| T IIIIIIII T TTTI

|I|II
500 10

My = /20594 (1 — cos(¢ — ¢*))
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DM SEd rch (invisible search)

Mono-X : Large Missing E+(~p-)

testing pt hon-conservation by recoil energy

Run Number: 206962, Event Number: 55091306
Date: 2012-07-14 10:42:26 CEST
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DM Sea rCh (invisible search)

Mono-X : Large Missing E+(~p7)

ATLAS —e— Data 2012
EZZ SMunc F-r‘t.:nr‘l‘ry

Vs=8 TeV, 20.3 f5'
ET =150 GeV

Events / GeV

—/ Di bﬂann
o B tf + single top
1 Multi-jet
------ , /1 Z(— l+jets

DAMA/LIBRA

SSTII

1000 1200

R [GeV]
E I
T

. 103
Results are interpreted as o bound

WIMP mass m, [GeV]
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EXOtICS (non-SUSY

ATLAS Exotics Searches* - 95% CL Exclusion

Status: July 2015

ATLAS Preliminary
JLdt=(47-203) b \Vs=7,8TeV

Model

6y Jets ET™ [ratm7)

Reference

ADD Gk +g/q

ADD non-resonant ££

ADD QBH — ¢q

ADD QBH

ADD BH high N

ADD BH high ¥ p1

ADD BH high multijet

RS1 Gk — ¢

RS1 Gkk — vy

Bulk RS Gk — ZZ — qqtt
Bulk RS Gk —» WW — qqtv
Bulk RS Gyx — HH — bbbb
Bulk RS gk — tt
2UED/RPP

Extra dimensions

T
- >1j
2e,u -
1eu 1j
- 2j

24 (S8) -

>lepu >2j
- 22j
2epu -
2y -
2ep 2j/1d
leu 2j/1d

- 4b
te,u 21b,2>1J/2j
2e,u(SS) 21b,21j

SSM Z' — e
SSMZ' -1

SSM W’ - ¢v

EGM W’ - WZ > tv£'¢’
EGM W’ — WZ — qqtt
EGM W’ - WZ - qqqq
HVT W’ — WH — vbb
LRSM W}, — tb

LRSM W/, - tb

1]
E
[
S
T
G}

2e,pu
27
Teu
3eu
2e,pu

Teu
1eu  2b0-1j
Oe,pu >1b,1J

T
n=2
n=3HLZ
n=6
n=6
n =6, Mp = 3 TeV, non-rot BH
n =6, Mp = 3 TeV, non-rot BH
n =6, Mp = 3 TeV, non-rot BH
k/Mp =01
k/Mp =01
k/Mpi =1.0
k/Mpi =1.0
k/Mp =1.0
BR =0.925

1502.01518
1407.2410
1311.2006
1407.1376
1308.4075
1405.4254
1503.08988
1405.4123
1504.05511
1409.6190
1503.04677
1506.00285
1505.07018
1504.04605

1405.4123
1502.07177
1407.7494
1406.4456
1409.6190
1506.00962
1503.08089
1410.4103
1408.0886

Cl qqqq
Cl gqtt

Cl uutt

- 2j
2epu -
2e,u(SS) 21b,21j

ICul=1

1504.00357
1407.2410
1504.04605

EFT D5 operator (Dirac)
EFT D9 operator (Dirac)

Oe,pu >1j
Oeu 14,<1j

at 90% CL for m(x) < 100 GeV
at90% CL for m(y) < 100 GeV

1502.01518
1309.4017

Scalar LQ 1%t gen
Scalar LQ 2" gen
Scalar LQ 3" gen

LQ | DM| cCI

2e >2j
2u >2j
1eu >1b, 23]

VLQTT - Ht+ X
VLQYY - Wb+ X
VLQ BB - Hb+ X
VLQ BB —» Zb+ X
Ts3 —» Wt

Heavy
quarks

tepn 22b23j
1e,u 21b,23j
1teu 22b23j
2/>3e,u  22/21b
1e,u 21b,25j

B=1
B=1
B=0

Preliminary
Preliminary
Preliminary

Tin (T,B) doublet
Yin (B.Y) doublet
isospin singlet

Bin (B.Y) doublet

1505.04306
1505.04306
1505.04306
1409.5500

1503.05425

Excited quark g* — qy
Excited quark g* — qg
Excited quark b* —» Wt
Excited lepton £* — £y
Excited lepton v* — ¢W,vZ

Excited
fermions

1y 1j

- 2j
tor2epu1b,2jortj
2epu 1y -
3eut -

only u* and d*, A = m(q")
only u* and d*, A = m(q")
left-handed coupling
A=22TeV

A=16TeV

1309.3230
1407.1376
1301.1583
1308.1364
1411.2921

LSTCar » Wy
LRSM Majorana v
Higgs triplet H** — ¢£
Higgs triplet H** — ¢r
Monotop (non-res prod)
Multi-charged particles
Magnetic monopoles

1eu 1y -
2ep 2j

2e,u(SS) -
3eut -
1eu

m(Wg) = 2.4 TeV, no mixing

DY production, BR(H* — €£)=1
DY production, BR(H;* — ér)=1
anon-res = 0.2

DY production, |g| = 5e

DY production, |g| = 1gp, spin 1/2

1407.8150
1506.06020
1412.0237
1411.2921
1410.5404
1504.04188
Preliminary

*Only a selection of the available mass limits on new states or phenomena is shown.

10 Mass scale [TeV]




SUSY search

Large pt'object + Large Missing E+(~p)

Good : Large o + Multi-jet & Stronger Limit
Bad : Bounds depend on Mass Spectrum
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SUSY search

Any excess is observed in M4 dist. & bound

Ldt=2031"
® 'Data 2012 (s =8 TeV)
—— SM Total
- - - G4 m(G)=465,m(y:):
g m(g)=1265,m(:
Multi-jets Multi-jets
W-+jets Wi+jets
H(+X) & single top (+X) & single top
Il Z+jets Il Z+jets
[l Diboson Il Diboson

Ldt=203fb"
e Data2012 (s=8TeV)
—— SM Total
- - - §q m(g)=465,
gg m(g)=126

Events / 100 GeV
Events / 100 GeV

Data / MC

500 1000 1500 2000 2500

1200 1400
M [GeV]
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SUSY search

“‘-...

po X ~ ~0
t.t, productiot, B(t, — tx1)=100%

ATLAS = Observed limit (+10-c")
- == Expected limit (+10,,,)

-1 )
Lat=20.1fo", \s=8TeV ____ Observed limit (2011, Vs = 7 TeV.

All-hadronic

All limits at 95 % CL Sto p

~—~ ~ -0
gg producton; g—q g ¥,

ATLAS = Observed limit (=105

theory)

==== Expected limit (+1 Oexp)

Observed limit (4.7 fb™, 7~
Oleptons,2-6jets ~ -aee-. Expected limit (4.7 fo™", 71

Gluino

t=20.3fb, Vs=8Te
Ldt=203f", [s=8TeV

Degenerate Spectrum
= Difficult (Soft)

e Many Loopholes

M [GeV]

...............
e e
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SUSY Summar

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: July 2015
Model

ATLAS Preliminary
\Vs=7,8TeV
Vs =7TeV Vs =8 TeV Reference

1.8 TeV m(3)=m(g)

Mass limit

&7y Jets ENS [ranm™]

MSUGRA/CMSSM 0-8e,u/1-27 2-10jets/3b Yes 20.3 1507.05525

4, -ty 0

43, §—qX| (compressed) mono-jet

44, qﬁq([(‘({(‘v/vv)/\/l 2 e, p (off-Z)

88, 8—qaX| 0
§99%i —9gWT O-tep

88, 3oqq(LL/ vy} 2ep

GMSB (7 NLSP) 1-27+0-1¢

GGM (bino NLSP)

GGM (higgsino-bino NLSP)

GGM (higgsino-bino NLSP)

GGM (higgsino NLSP)

Gravitino LSP

Inclusive Searches

2-6 jets
1-8 jets
2 jets
2-6 jets
2-6 jets
0-3 jets
0-2 jets
1b
2jets
2 jets
mono-jet

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

20.3
20.3
20.3
20.3
20
20

20.3
20.3
20.3
20.3
20.3

F'/2 scale

ss0Gev W
100-440 GeV ™
780 GeV
!.33 TeV
186 Tev
W32 TeV
1.6 TeV
.29 TeV
B3 Tev
16 TeV
850 GeV
865 GeV.

m(¥))=0 GeV, m(1% gen. §)=

m(g)-m(¥})<10 GeV

m(¥})=0 GeV

m(¥))=0 GeV

m(¥})<300 GeV, m(¥*)=0.5(m(E))+m(z))

m(¥})=0 GeV

tang >20

r(NLSP)<0.1 mm

m(¥})<900 GeV, cr(NLSP)<0.1 mm, 4<0

m(¥})<850 GeV, ct(NLSP)<0.1 mm, u>0
m(NLSP)>430 GeV

m(G)>1.8 x 10~ eV, m(z)=m(q)

m(2" gen. §)

=1.5TeV

1405.7875
1507.05525
1503.03290

1405.7875
1507.05525
1501.03555

1407.0603
1507.05493
1507.05493
1507.05493
1503.03290
1502.01518

g med.
ot U9 091 Ut

0-1e,p
0-1e,p

3 gen.

3b
7-10 jets

3b

3b

Yes
Yes
Yes

20.3
20.1

1. TeV
[

" 1
W34 Tev
W3 TeV

1407.0600
1308.1841
1407.0600
1407.0600

0
2e,u(SS)
1-2epu
t,—>Wb)(| or tXl
(/\/1 0
naturaJ GMSB) 2e,u(2)
3e,u(2)

R

RS
£§
S
53
S
5 =
o O
2
T

yS‘l

2b
0-3b
1-2b

1b
1b

Yes
Yes
Yes

0-2e,u 0-2jets/1-2b Yes
mono-jet/c-tag Yes

Yes
Yes

110-167 GeV
90-191 GeV
90-240 GeV

100-620 GeV
275-440 GeV
230-460 GeV
210-700 GeV

150-580 GeV
290-600 GeV

X <90 GeV
=2 mw )

2m(¥}), m(t})=55 GeV

1308.2631
1404.2500
1209.2102, 1407.0583
1506.08616
1407.0608
1403.5222
1403.5222

2e,pu

2e,pu
X]/\/]i,/\y/fﬁrv(rv 27
)?I)(?HvafL((m L) 3ep

2-3eu

/YTAN/EA)WX v
)(6/\/ A)W,\/lh)(l, habh/WW/‘r‘r/yy e [y
YOS, X5 5 >Rl 4e,p

GGM (wino NLSP) weak prod. Tepu+y

0
0
0
0-2 jets
0-2b
0

Yes
Yes

Yes
Yes
Yes

1S e e e e
s
[Ty

3 e
'

90-325 GeV

100-350 GeV

250 GeV

124-361 GeV

140-465 GeV

700 GeV
420 GeV

620 GeV

Direct Y1 ¥ prod., long-lived )ZT Disapp. trk
Direct ¥1X] prod., long-lived ¥7  dE/dx trk
Stable, stopped g R-hadron 0
Stable g R-hadron trk
GMSB, stable 7 o1, Aree, ) 1-2p
GMSB, X1—>7G long- |IVed)(| Y
g X eevfepy/ppy
GGM gg, X|—ZG

Long-lived
partlcles

1jet

1-5 jets

displ. ee/ep/pp
displ. vix + jets

=R

3 B o o B
e

><.
ey I

270 GeV

482 GeV
832 GeV

EEEEEEEEEEEEEEEEE

537 GeV
435 GeV
1.0 TeV
1.0 TeV.

5(m(¥;)+m(¥1)
5(m(FT )em(TD))
:o.s(ma‘f.’wmc??»

=0, sleptons decoupled

0.5(m(¥3)+m(¥)))

1403.5294
1403.5294
1407.0350
1402.7029
1403.5294, 1402.7029
1501.07110
1405.5086
1507.05493

~vMeV T(/\/\ )=0.2 ns

m()ﬁ)mph) ~160 MeV, (¥1)<15 ns
m()ﬁ) 100 GeV, 10 us<7(3)<1000 s

10<tanf<50

2<r(¥))<3 ns, SPS8 model

7 <ct(¥))< 740 mm, m(z)=1.3 TeV
6 <cT(¥))< 480 mm, m(3)=1.1 TeV

1310.3675
1506.05332
1310.6584
1411.6795
1411.6795
1409.5542
1504.05162
1504.05162

epL,etT ut
2e,u(SS)
4e,pu
e u+t
0
0
§§, g—>t|t fi—bs 2e,u (SS)
fify, fi—bs 0
fif, ii—bt 2e,u

LFV pp—¥. + X, Vr—>eufet/ut
Bilinear RPV CMSSM

)(1/\/1 ,X, ~>W)(| X[Heevﬂ epv,
XV\/I T —>W)(|,)(|—>r1v,,.e-rv7

6-7 jets
6-7 jets
0-3b
2jets+2b
2b

X
2

oo U O 3k e
S

gl

100-308 GeV

750 GeV
450 GeV
917 GeV
870 GeV
850 GeV

0.4-1.0 TeV

A5,=0.11, A135/133/233=0.07
m(q)=m(g), ctsp<1 mm
m(E))>0.2xm(¥%), 4,5, £0
m(X?)>O 2><m(/Y, ), Ai33#0
() R(b)=BR(c)=0%

m(Xl )=600 GeV

BR(7| —be/u)>20%

1503.04430
1404.2500
1405.5086
1405.5086

1502.05686

1502.05686

1404.250
ATLAS-CONF-2015-026
ATLAS-CONF-2015-015

Other Scalar charm, E—m?‘,) 0

2c¢

o

490 GeV

m(¥))<200 GeV

107!

“rmEaEEEER

Mass scale [TeV]

*Only a selection of the ava/lab/e mass limits on new states or phenomena is shown. All /m/fs quoted are observed minus 1o theoretical signal cross section uncertainty.
v, w w

1501.01325




EVIdenCe / AnOmaly(Excess/Deﬁcit/---

Phenomenologists Start To CHASE

>30 (20)

1/370 : Yearly
99.7%

1/22 : Every 3 weeks
95.5%

2.50 = 1/81 : Quarterly
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Rules of The Game

Criteria is dependent on the ‘strangeness’ of Anomaly

® Very Exotic Anomaly
- Stay tuned
- Interpretation by a minimal model & Make Predictions

- Interpretation by popular / favorite models (SUSY, ED, TC, ..)
- Interpretation by a model & relate to New Physics (Neutrino, DM, ...)
- Interpretation by a model & relate to other Anomaly (g-2, ...)
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Evidence of Ahomalies

oh > TU
o \Wy
o SUSY

'@ Diboson Excesses
o |
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h 2> tu

Lepton Flavor Violating Higgs Decay

2.60 Excess in CMS

197 1" (8 TeV) Not so small fraction

e Data 3 g 39
[ Bkgd. uncertainty B(h e TM) < (0'84—037)%
B svH
[ ]Zz-m
I other
et
[ IMisiD'd 1, e, u

LFV Higgs, (B=0.84%)

B bb (57%)
M cc (2.9%)
T1(6.2%)
B p(0.02%)

m yy(0.23%)
WW (22%)
77 (2.8%)
others

>
o
S
o
«
~
2]
[
o
>
w
ke
Y
=
2
=
o
+
2
S~
w

Data-Bkgd (fit)

BeAs 0 s O s
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h 2> tu

Lepton Flavor Violating Higgs Decay

e 2HDM [ 2nd Higgs doublet ]
- Misaligned-Yukawa coupling

200 CipH1+ Li(Y))ij;rn Hy
L AR g7

SM-like doublet

L=+L;

Mixing
=>» Prediction : Large LFV in 2nd doublet (very exotic)
= Relate to the g-2 anomaly (exotic)
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h 2> tu

Lepton Flavor Violating Higgs Decay

e 2HDM [ 2nd Higgs doublet ]
- Misaligned-Yukawa coupling

— N2

L ikl L pHy + Li(Yy)ijl; n Ho

SUSY interpretation (slepton mixing)
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W, @ 2.5TeV

19.7 b (8 TeV)

e Data (1717)
tt (1147)
L] DY+Jets (475)
[ ] Other (151)
—— My, =2.5TeV (29)
Mw, = 2.5 TeV unbinned
M, = My, /2

2. 80 Excess

—i
o
w

(Events /0.2 TeV)
2

—
o

All Systematic Uncertainties

- No Shape Uncertainty

Wr decay via right-handed neutrinos
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(Events /0.2 TeV)

2015/11/9-13 YITP-QFT

—i
o
w

—
o
)

—
o

RV SUSY @ 2.5TeV

19.7 b (8 TeV)

e Data (1717)
V20 tt (1147)
K DY+lJets (475)

7777 Other (151)
My, = 2.5 TeV (29)

Mw, = 2.5 TeV unbinned
M, = My, /2

7 7777777277777 77777
S
0y
\
*
0y
\

All Systematic Uncertainties

- No Shape Uncertainty

0
neutralino X .‘." a (J)
S

(no longer DM

Dangerous for the proton decay in general,
but some couplings can be introduced.

Wrpv = A1, LQd°

slepton

X
u ZL %
7 ’ ......

k
Uy

squark

Koji TSUMURA (Kyoto U.)



(R-parity conserving) S U SY
Large p object + Large Missing E; (+ dilepton

Additional Kinematical Cut

19.4 b7 (8 TeV)
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(R-parity conserving) S U SY

Large p object + Large Missing E; (+ dilepton

RS CRCY) I Kinematical Edge of SUSY

150 200 250 300
m, [GeV]
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(R-parity conserving) S U SY

Large pt object + Large Missing E; + dilepton

19.4 b7 (8 TeV)

A TLAS —@— Data

\/g = 8 Tev, 203 fb_1 % Standard Model
SR_Ioose ee :] Flavour Symmetric
I z+jets
:] Other Backgrounds
Gq 2-step, m(@, 7:/7,2,7/?, 2?)
(465,385,345,305) GeV
= = = = (545,465,425,385) GeV
— = (625,545,505,465) GeV

L]
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ATLAS ~¢ Dam

Events /2.5 GeV

82 84 86 88 90 92 94

A TLAS —e— Data
/s=8TeV, 20.3 o

Events / 25 GeV

.........

200" 250 300 350

2015/11/9-13 YITP-QFT

On-Z a é"l'ySIs

%4 Standard Model
ls=8TeV, 203 fb" [ Flavour Symmetric
[ Other Backgrounds
SR-Zee m(g) u=(700,200)GeV

14~(900,600)GeV

56 98 100
m, [GeV]

%4## Standard Model

Different Excess

......

ET*IGeV]

oUSY

Missing E; + dilepton

Missing E;

Koji TSUMURA (Kyoto U.)

ATLAS

/s =8 TeV, 20.3 fb™
SR-loose ee

—®— Data

% Standard Model

:] Flavour Symmetric

I z+jets

:] Other Backgrounds
Gq 2-step, m(@, 7:/7,2,7/?, 2?)
(465,385,345,305) GeV

= = (545,465,425,385) GeV
= = (625,545,505,465) GeV



Diboson Excess @ 2TeV

ATLAS —e— Data

_ 1 —— Background model
's=8TeV, 20317 T L LV EGM W o= 1

2.0TeVEGM W', c=1
—25TeVEGM W', c=1
—— Significance (stat)
I Significance (stat + syst)

Events / 100 GeV

WZ Selection

* 3.60 WZ

©
o
C
[
2
=
c
2
w

Additional Selection Cut :
Tag 2 Fat Jets (J) with M ;=M,, or M,
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Diboson Excesses @ 2TeV

ATLAS —e—Data
_ .1 —— Background model
Vs=8TeV, 203167 T LV EGMW, 0= 1
2.0TeVEGM W', c=1
——25TeVEGM W', c=1
—— Significance (stat)
Il Significance (stat + syst)

ATLAS —e— Data
Vs=8TeV, 20.3fb" —— Background model
— 1.5 TeV Bulk G, kiM,, = 1
2.0 TeV Bulk Gy, kiMp, = 1
—— Significance (stat)
Il Significance (stat + syst)

ATLAS —e— Data
Vs=8TeV, 20.3 fb" —— Background model
— 1.5 TeV Bulk Gpg, ki, = 1
2.0 TeV Bulk Ggg, kM, = 1
—— Significance (stat)
! Il Significance (stat + syst)
WZ Selection WW Selection ZZ Selection

Events / 100 GeV
Events / 100 GeV
Events / 100 GeV

Significance
Significance
Significance

® 3 different channels have excesses
[ 20% overlap ]

Frequentist CL_ obs. (solid) / exp. (dashed)
—a— G, =+ ZZ = oalupeVot
—— G~ WWIZZ — V-joteV-jet
——— G, WW - ev/uvet-jet

® Excess @ 1.8TeV in CMS

——&—— Combination

50 (PP = Gy [PD]

G,
—
e

Many Interpretations (W',Z',TC-p ,H',:-*)

> 40 Theory Papers

2015/11/9-13 YITP-QFT Koji TSUMURA (Kyoto U.) T GV



21eV in Other Channels?

LI L3555 5335555
'flo.o”noo.ooomo Nomé-onwwén&bv o
sSessssss B

QIR O\
i
eeeesceees
RS
M ow\\\ooow\owo o\owo 4
Liiiiiiiy
S

>

()
-
]
—

©
o

o)
2
-+
=
.-

>
2
m
-
>
I
=

X 2> Wh

Preliminary

CcMSs
2
10 800 1000 1200 1400 1600 1800 2000 2200

o
o
—

(A®D 001 )

1<1.3

j

Koji TSUMURA (Kyoto U.)

1

nl <2.5 & lAn

Mmass

o - R
2

g @ ¥ b3 ©
o o o o o
— — — — —

s[enpisay

(Aeoy/qd) 'wipop
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Evidence of Ahomalies

oh- T @ e Diffarent SUSY

® Wy wrev SUS\W

@ SUSY 2E(63Ige onZ

3.60 260 290

Diboson Excesses wz ww. zz)

Dijet Excess*®°

® \WH search?2°

We can’t say No New Physics

201541 1/9-13 YITP-QF T: Koji TSUMURA (Kyoto U.)



Runll ( 13 TeV )
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Run Il

Re-Discovery of the SM

My = \/(plg + pyy)? @ di-lepton Invariant Mass

. M+
{s=13TeV, 85 pb™
X : mass

—
o
©

Events/GeV

—
o
<l

10°
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Run Il

Re-Discovery of W, top

lepton + Missing E+(v) [ w/ p; conservation ]

iminary e/u + >4 jets, 22 b-tags

\s=13TeV, 6 pb” e Data

Lt

W + jets
P Z+jets
I Single top
I Non-prompt

13 TeV, 85 pb”’

-e- Data

1] MC Stat. @ Syst. Unc.
[JW—pv

[l Multijet

Wt

[ Top

[ Z-tt

Entries / 2 GeV

Events/ 15 GeV

100 150 200 250 300 350 400
my, [GeV]
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Run Il

/’ search

My = \/(plg + pyy)? @ di-lepton Invariant Mass

e Data 2012
)2

e Data
|:|Z/y SM (1.5 TeV)

- Top Quarks SM (2.5 TeV)

D Diboson

Jhy

’ . IU\M,\W' ‘\\:K,as)
T

U

. Events/(GeV/c?)

Run | highest evts

SN T

CMS Preliminary

Ns=7TeV, L =125 pb?!

300 400 500 600 1080
Dimuon Invariant Mass [GeV;

Beyond Run | Sensitivity
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W' search

lepton + Missing E+(v) [ w/ p; conservation ]

L)
ATLAS Preliminary ~ —e— Data 2010 5 =7 TeV) W — uv
Caw-uw

Ldt=35pb" E@o*, \s=8TeV
Cdwoaw -
=Z—>tt
it

¢ Data
Cw
WTop
Ezy

[]Diboson
e 3 |+

un Il highest evis

[ %

40 50 60 70 80 90 100 110 120
m, [GeV]

Mr = \/QPETPCV[’(l — cos(¢t — ¢¥))
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Run Il

e Data 2012
[JW’(0.5 TeV)
[JW’(1 TeV)
[JW’(3 TeV)
W
4
@ Top quark
[ ] Diboson
[ Multijet

Beyond Run | Sensitivity



Run Il

Dijet (g*, Z', W') search

m=5.0 TeV

—
o
w

N .9

<10

[

5 ATLAS

o 10 3 i

5 \s=8 TeV. jL dt=20.3 fi"!

L 10’ -
= J
I 6

g 10 mass
¢ 10° :
(_U R Eg(r:ri(gﬁ%%rt]grfghterval J
8 104 —o-- BIacFE)Max, m=4.0 TeV

()

(al

102

p-value = 0.79
Fit Range: 1.1 - 5.3 TeV
ly*l < 0.6

[data-fit]/fit

Signif.

0.3 04 05 L
Need more statistics
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Run Il

Dijet (g%, ) search

*

q
Expected limit, 0.1 fb™
11b!

———— - Current limit (4.09 TeV)
68% and 95% bands

2 3 4 5 6 7 8 9 10
Mass [TeV]

(Mar 2016777?)
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Ready for SUSY search

—@— Data 2015 (\s = 13 TeV)
ATLAS Preliminary —— SM Total

L=78pb" W-ets
Top
- Z+jets
- Diboson

CRW selection

ATLAS Preliminary Data 2015 (1s=13 TeV)

A Standard Model
Ldt=78.4pb i
hard 1L (e/p) | Waiets
< Diboson

- Single Top

- Z+jets
10 x gg 1-step, m(g, f(f Z?)=
(1225, 625, 25) GeV

Events / 100 GeV

Events / 50 GeV

N

O
=
S
o
(o

5
2 .
SE
1 -
0.5

2000 2500

500 _ 600
m_(incl.) [GeV]

m; [GeV]

Mgss = EfMisS+ 2 |plet

No bound is obtained so far
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SUSY Prospects

0
-
o

ATLAS Simulation Preliminary Discovery reach, 0-Iepton+jets+ET °

—_

Discovery p

wt

w
"

"

- = = - +
- - K e o e = = = ==
xS

\
o
8
K
Y
8
K
.
K
K
.
R

.

\\\\\\\\ o production

\\\\\ . ~0 ~0
99 production; g— q q i? “““ i qq X1, m(X1)

|s= 13 TeV,AB/B=20 %
1 fo

____________________________ —e— 2 b

0 leptons, 2-6 jets ; 4
8 TeW0 b (95% CL ) | 3P
b | @@= 10 fb

G I u I n 0 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
m(g) [GeV]

(Mar 2016777?)

..............
e e

1200 1400
M [GeV]
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SUSY Prospects

~ ~ . ~ ~0
g-g production, g — qq X,

ATLAS Simulation Preliminary

I L dt = 300, 3000 fb ™, /s = 14 TeV
0-lepton combined

ATLAS 203 b, |s = 8 TeV, 95% CL
...... 95% CL limit, 3000 fb™, (u) = 140
mmmmms 95% CL limit, 300 fo, (u) = 60
— 5 disc., 3000 fb, () = 140
— 5 disc., 300 b, (u) = 60

~—~ . ~ -0

gg production; g—q g ¥,
ATLAS e
f Ldt=203f", [s=8 TeVv
O leptons, 2-6jets ...

Gluino

2000

--------------

.....

3fb1, ~2015
300fb!, ~2023

800 1000 1200 1400

m; [GeV] 3000fb !, ~2037
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Summary
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summary

® Energy Upgraded
® | HC Status e some Troubles Ec, uFo)

® Next 20 years Plan

® Run | Summary and Run |l Early Data

® SM Re-Discovery incl. Higgs ® Analysis Ready
® BSM Non-Discovery / Exclusion ® Need More Data
® FEvidence / Anomalies

WJS2013 ® Peak luminosity Integrated luminosity
6.0E+34 e e 7 N T T
ratios of LHC parton luminosities:

13TeV/8TeV,7TeV/8TeV

5.0E+34

4.0E+34

—
o 10g

3.0E+34

“ g

2.0E+34

=
w
o
£
)
>
E=
(%]
o
§=
S
=
-

1.0E+34

° 30fb?

0.0E+00 = A e .
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year
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Stay Tuned
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