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LHC Program

proton - (anti)proton cross sections
10°

" TevaEtron LHC :zj 4 M e a S u re m e n ts
5 TR . Jets (~1-100ub)
o W, Z (~10nb)
10° 8: Top (~1 Oopb)
@] ~ Discovery
10:1 g Higgs (~1 0pb)
10': ’ 5 SearCheS
o . Exotics
° . SUSY
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Jetsi at the highest scales

> Highest transverse
momentum jets

at the TeV scale

ly| < 0.3 (x 10'?)

0.3<y] < 0.8 {(x 107
0.8< |yl <1.2(x10%
1.2< |yl < 2.1 (x10%
21<ly| < 2.8 (x10%
28<ly|<3.6(x10%
36<|y|<4.4(x10%

anti-k, jets, A=0.6
L dt=37 pb™', \'s=7 TeV
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RUnning of the strong coupling

i — +0.0055
CMSR,,: O‘s(MZ)‘O-1148_0_0023
CMS R,,

DO inclusive jets
DO angular correlation
H1

ZEUS




Leptons: Z, ZZ

L L ol L L

I l

ATLAS Preliminary NLO QCD (MCFM, CT10.0) |
------ ZZ (pF) (66<m <116 GeV) |
)

— 77 (PP) (66<mH<116 GeV i

CMS Preliminary

45fb at s=7TeV

10"

o2 [pb]

B YL —uu
10

1073
104

10

1/0, do/dM () [GeV™']

LHC Data 2012 (1s=8 TeV)
o ATLASZZ- il (66<m <116 GeV) L=20 b B
vV CMSZZ- 1l (60<m <120 GeV) L=5.31b"

LHC Data 2011 (1s=7 TeV)
o ATLAS ZZ- l(l/vv) (66<m <116 GeV) L=4.6 fb"

v CMS ZZ- Il (60<m <120 GeV) L=5.0 b

Tevatron (1s=1.96 TeV)
B DOZZ- I/vv) (60<m <120 GeV) L=8.6 b 3 .
A CDF ZZ- Il(Iivv) (on- sheII) L=6.0 fb

106

—— Data (up, 4.5 fb™ in 2011)
NNLO, FEWZ+CT10
| NNLO, FEWZ+CT10 (with EWK correction unc.)
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lop Productions

> Use multivariable techniques and b-jet identification

>4%

ision in dilepton channel

deloe £ S IRSALENN

- --NLO QCD (pp)

S [pb]

~ -NLO QCD (pf)

B CDF
4 D0

_IIII|IIII|IIII

- B Approx. NNLO (pp)

Illllllllllllll

4
4 Single Lepton (8 TeV) 241+ 32 pb -1

¥ Single Lepton (7 TeV) 179+ 12 pb
A Dilepton 173 '/ pb

O All-hadronic 167 =81 pb
—Approx. NNLO (pp) # Combined 177

ATLAS Preliminary

oPb

il

7 g

CMS Preliminary,\'s = 7 TeV

2

3

4

5 6 7 8

Vs [TeV]

CMS e/u+jets

Phys. Lett. B 720 (2013) 83

(L=2.2-2.3/fb)

— @

c@2

CMS dilepton (ee,uu,ewn)
JHEP 11 (2012) 067 (L=2.3/fb)

CMS all-hadronic

arXiv:1302.0508 (L=3.5/fb)

CMS dilepton (et,ut)

———

(——.—.

Phys. Rev. D 85 (2012) 112007

(L=2.2/b)

CMS t+jets

arXiv:1301.5755 (L=3.9/fb)

[ ] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

[ JnNLoacp
|

158+ 2+10=+ 4

(val. = stat. = syst. = lumi.)

162+ 2+ 5+ 4

(val. = stat. + syst. =+ lumi.)

1391026+ 3

(val. = stat. + syst. = lumi.)

143 +14+22+ 3

(val. = stat. + syst. = lumi.)

152 + 12+ 32+ 3

(val. = stat. = syst. = lumi.)

50 100

150

200 250 300
o(tt) (pb)



lTop Mass

| parameter of the SM physics (+beyond)

ATLAS m ., summary - May 2013, L e 35pb~"-4.7 b (*Preliminary)

ATLAS 2010, 1+jets*
CONF2015.033. L = 36 ps” 169.30 £+ 4.00

ATLAS 2011, Hjets
Eur Phys J. C72(2012) 2098, L_ "IMue'

ATLAS 2011, all jets*
CONF-2012060, L. 205"

—t o —y 17453 +061+043

et 174,90 + 2,10
ATLAS 2011, dilepton®
CONF2012002, L =aTh’

ATLAS 2011, I+jots*

CONF-2015088, L <ar u'

17520 £1.60

172314023 £0.27 £ 0.67 +£1.35

+ stat, IS BISE £ sayst
CMS Average September 2012 aist o inty
173.36+ 0.30,,, +0.91,, stat.  JSF & bJSF uncertainty
total uncentainty

levatron Average May 2013

173.20 4 0.57, + 0710, ATLAS Preliminary

Impressive precision: LHC (0.6%), Tevatron (0.5%);
need to worry about what mass they measured
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Differential Measurements

I I I
‘ ATLAS Preliminary
B —e— Data

m, - <mt> as pt(top) ——— ALPGEN+HERWIG

= MC@NLO+HERWIG |
ALPGEN+PYTHIA (., Down) ]

mimm POWHEG+PYTHIA ]

_—" Ldt=4.71b i

T T TTTTT

CMS preliminary, ys =7 TeV, lepton+jets
llllIllllllllllllll'lllllllll
e Data (5.0 fo")
—— MG, Pythia Z2

MG, Pythia P11
-.-.-- MG, Pythia P11noCR
--- MC@NLO, Herwig

Is=7TeV

T IIIIIII
| IllIlll

anti k, R=0.4
<25

P, > 25 GeV
; uTjets
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ShMiprocesses understood?
AS: Yes!!! > CMS: Yes!!!

CMS

§ 7 TeV CMS measurement (stat®syst)
f 8 TeV CMS measurement (statbsyst)
— 7 TeV Theory prediction

|

 ATLAS Preliminary

[Pb]

LHC pp Y5 =7 TeV
wen Theory
o Data(L=0.035-46 )

G‘tot

— 8 TeV Theory prediction

—_
o
'S

LHC pp Vs =8 TeV
mm Theory

* Data(L=58-201 )

—_
(e
w

—— Wz, WW :
Tt g

jet

E/ >30GeV E.>15GeV
1| <24 AR(y,) > 0.7

—o—

—_
O

Production Cross Section,
2

50f" 491

36, 19 pb” 5.0 fo

JHEP10{2011)132 CMS EWK-11-00s  CMS-PAS-EWK-11-010 (WZ)
JHEPO1(2012)010 CMS-PAS-SMP-12-005 (WW?7),
CMS-PAS-SMP-12-011 (WZ 8 TeV) 007(227), 013(WW8), 0 14(ZZ8), 015(WV)
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Run/Event: 194108 / 564224000

AllHiggs boson Discovery

-
R S,
- . ~3
. i Y
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- r _‘__
- * 2.7
P .
P A
- - _1 "k,'
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- ¥ .
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Top quark loop

Higgs Boson

Gluon Fusion Top Quark/W Boson loop
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l ] T T T T l T T T I I LA | T T l T LA | T I T T
. CMS Preliminary —o— Data
[ (s=7Tev,L=51fb'(CIC) ~— S+BFit

- ) Bkg Fit Component
= 8 Ti — X 1 B

- iIs=8TeV,L=19.6 fb" (CIC) | 10

N s20

o
=)

HEandiISCovery

hted Events / 1.5 GeV
g 3B
o o
o (=]

Data 2011+2012
SM Higgs boson m =126.8 GeV (fit

Bkg (4th order polynomial)

o
o
Illlflllll]l’lTY]Yl

lllllllllllllllllllllll

Events / 2 GeV

MVA: 3 2s obs 4.30 exp

L P T
110 120 130 140 150
m,, (GeV)

CMS Preliminary B oo vsties St Resante
Vs=7TeV.L=5.1 o' (CIC) Fitn St
Vs=8TeV.L=196/B"'(CIC) [ |-tommos

-3 0 Samtetig

H->yy

S/(S+B) Wei
o
8

lllIIllIlllIllll

|§=7Tevfwt=4.afb"
4.30 expected

|'§=8TerLdt=20.7tb'
7.40 obsgrved |
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Events - Fitted bkg
g ;

180
m,, [GeV]

my, =126 .8 +0.2(stat) =0.7(sys) GeV

S o
S/(S+B) Weighted Events / 1.5 Ge

120 140
m,, (GeV)

my =1254+0.5(stat) £ 0.6(sys) GeV
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H=>ZZ > 40 discovery
(gelden channel)

CMS preliminary  Data ATLAS Preliminary
B Background zz" Ho77)_sa

B Background Z+jets, ti
| Signal (m =125 GeV)

77, Syst.Unc.

* Data ys=7TeV:L= 5.11fb"
] my=126 GeV Vs=8TeV:L=19.6fb"

] Zy,zZ
B z+X

Events/2.5 GeV

\s =7 TeV:|Ldt = 4.6 fb"
\s = 8 TeV:/Ldt = 20.7 b’

6.60 (4.40 exp.)

Events / 3 GeV

6.70 (7.20 exp.)

i Wil...!...:a- .'!!L '

> CMS: e,u,t channels : m(ll), opening angle
> ATLAS: e,u channels : m(ll)



Mass Combination

CMS:

m,=125.70.3,,+0.3, . GeV

CMSPFO"""'“"Y r-'lTOVL 51" (5= BTOV Lt196|'0

ATLAS:

m,=125.5+0.2 0.6,  GeV

stat=

—
O

H - vy + H - 77
B, 1 _(ggH.ttH),
p"(VBF.VH)

— H > 2ZZ

Comblned
H-—>yy

| S00-ET-9IH-SVd-SIND

- ATLAS Preliminary
Yo I Vee-T7Tev:

- \s=8 Tev:{Ldl =207 1b"

9i
o
7
6/
5
4
3
2}
1}
ot

126

my (GeV)

128

Ldl = 464810

LA (.
124

— Combined (stat+ays)

I
126 127 128 129
m, [GeV]

> Slight tension in ATLAS yy and ZZ masses
> Which Higgs have we discovered?
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SMIHIggs productions

10?
\s= 8 TeV

LHC HIGGS XS WG 2012

=
X
o+
L
T
Q

200 300 400
-9'2'5 [ 2-X-2-§. 1. \ -

o~

e gg—~>H: o =0(10) pb, gluon-gluon fusion @125 GeV
VV->H: o =0(1) pb, vector boson fusion




\'s = 8TeV

WW — I'vqq
‘ WW — I'VIV
>

’ t N -

-
e
s
-
e
.
-
"

LHC HIGGS XS WG 2012

>

>

>

SM Higgs decays

1.5 pb for tr;
very difficult
0.25 pb for WW'>2vQv :
only m_t

0.1 pb for VBF 77,
WH- 2vbb, ZZ">22qq,
20vv:only m_t

0.05 pb for H>vyy :
mass: ok, but S/B<<1
0.003 pb H>ZZ">44:
“gold-plate” mode
0.004 pb H>uu :
huge DY bkgds



Higgs: signhal strengths

\==7TeV,L<51fb" 1s=8TeV. L=< 186t
ATLAS Preliminar i my, = 125.5 GeV
Y ’ Combined CMS Preliminary m,, = 125.7 GeV

W.,ZH — bb : p=080t0.14 —0.65
Vs =7 TeV: [Ldt = 4.7 b 5

Vs =8TeV: [Ldt= 131" ;

H— 1t ; H— bb

\s=7TeV: |Ldt = 46" : p=115+062

Vs=8TeV: [Ldt =131 :

B §
H— WW ' — Iviv : H_s 2z

\s=7TeV: |Ldl=461b" | '
\s=e'rev:][Ldt=2o.7rb‘ : u=1.10+t 0.41

pSM

H— vy .
\s = 7 TeV: }Ldl -481" : H-— vy

\s = 8 TeV: | Ldt - 20.7 o u=077+0.27

H—zzZ" > al
\s=7TeV: |Ldt =46 b’

\s = 8 ToV: {Ldl =207 M H—» WW

pu=088+10.20
Combined n=130£0.20 ,
Vs=7TeV: [Ldt=456-481 T

Vs =8TeV: [Lat=13- 207 1" W - Dozio28 Best /0, =0.80 £ 0.14
-1 0
Signal strength (u)

1.5 2 2.5
Best fit o/oSM

> Higgs signal strengths ( to fermion and bosons) are consistent
with the SM predictions



HOWW (=2 1viv

sooé_-AT‘l_AS 4 Dot 201142012
S (a7 TeV [Lcheat i’ —= Totsl sg.+big

700= (s=8Tev fLan=207m" B S\ Hags boson

600 H-Ww—iviv + O/ jots e

v | ww
500:-— =

ATLAS H—=WW"—=eviy + 0 jets

\s=BTeV [La&t=2071b"' * Daa 2012
—— Total sig «big.
B 3M Higgs boacn

m, = 125 GoV
- =
B Snge Top - [0 wees
B Wejets
ZNt B orar v
= ' B Snge Top

- oo UEN ATLAS:usem;
g ]
°

ol = , *s o
+5 . 08

= *® Dsm 2002 |
60 80 100 720 140 160 180 200 220 240 260
m, [GeV]

Events / 10 Ge\

Events /10 Ge

CMS Praliminary
s=8TeV L=-195D"
=TTV, Lsasw”

CMS Prelminary
E=0 TaV, L= 125 %"
=7 TV, LAy’
O-jot on

o
2
=
@
S
o
L
-
&’
g
o

O-pot oy

events / 10 GeV/c?

CMS:
use m; & m(ll)

u=0.68+0.20

mi% [Gevic?)

m, [GeV/c)



VH(=>bb

ATLAS Prelim. *gg‘z‘,’ Total uncertainty
m,, = 125 GeV 4

a(theo

Y LJ Ll Y Y Y T Y ™

ATLAS Prelmmary

18 =7 TeV ILdI 47T’
15=8TeV [Ldt =203 %"
Oe142 lep., 2¢3 fels, 2 tags

Date
- VHRBDL) (best fit)

VH, 1 lepton
VH,2leptons n=06",

VH(bb), 8 TeV

+0.7
-06

c
2
©
£
o
S
7]
-
2
©
)
e
S
>
w

VH, 0 lepton
VH, 1 lepton

............................. S

VH, 2 leptons W = 03, .2

Comb. VH(bb)
p=02"°

VH, 0 lepton n=

VH, 2 leptons 1t =04 |12

15=7TeV [Ldt=47 "
\s =8 TeV Lot ignal strength [u]

€1 au uic ATLAS-CONF-2013-079

Vs=7TeV,L=501" {(=8TeV,L=1501"
CMS Preliminary my, = 125 GeV

CMS Preliminary o ps

is= 7TeV,L=501"
Vs = 8TeV,L =19.0 fb’ B v+ (125 Gev)

pp — VH; H — bb v
— Sub. MC stat. uncert.

Visible MC stat. uncert. Z{vv)H(bb)

p=104=0.77

weignhted entrnies / 15

Z(IMH(bb)
n=082=0.97

W(h)H(bb)
w=1.11= 0.87

2 =
CMS-PAS-HIG-2013-012 Best fit oo,




Other Higgs decays

LI I L I L B UL
H H % SM (stat)
ATLAS Preliminary o e Top I Wi
\s=8TeV, | Ldt=20.7 o' @ ww =
B Wz/zz/Wy [l Z+jets
[ HI125 Gev

—
-@- Data

l T T T

iH

sM
S
o

'— Observed CL, limit H — yy
— Expected CL, limit ttH channels comb.
L BN ATLAS preliminary

t2 Data 2012 Vs = 8 TeV
det =203 "

oL

Events /2 GeV

IRANRARRNRARRNRARR

95% CL limit on ot

llllllll[lll]llllll'[lllll[llllllll"

YIIII‘YIITIYTIYl Y]
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©
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U i S wihd sttt sl i ek sttt S Sl st e Iy
Ey 1o by by by b v b by b by 1
80 100 120 140 160 180 200 220 240 260 120 122 124 126 128 130

T TT I T T TT T 1T I T T TT I T T TT I T T 1T | T 1T I T T TT | T T TT I 1T [ oy _1 - .1
ATLAS Preliminary _ 40,CMS_(s=7TeV.L=501b" {s=8TeV.L=196
H-opu -

(NNNNNNT]

H—-2Zvy

—— Observed
- Expected = 1o
-=== Expected = 2 0

—— Observed

o OKg- Expected J Ldt =20.7 b

Cl+20 \s=8TeV

95% CL Limit onp

95% CL limit on o/oy,,

&
-
—
-
R
=

111 |"|'r'1'1"|'1'r1'r'|'r'|'1"|"|'r'1'rw'|"|'r'|'1'|"1'r'|'r'|'r'|'1'|"I'r'l'r'l' 111 y 1‘35l ‘ i46‘ L1‘45‘ ‘ 1‘“5‘ . isé‘ ‘1‘&
110 115 120 125 130 135 140 145 150 rnH(GeV)

my [GeV]
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Higgs Couplings
> ATLAS and CMS are compatible with the SM at the 10% level

> AsS n:
. .

= One Higgs resonance with narrow width

= 2-parameter bench-mark model with only fermion (x¢) and

vector coupling (k) modifiers

(V8

A ATI KV vh
45 ATLAS > vy
Fois=7TeV Ldt=46481" M H - vy ECombined

-—

3 15-8TeV[Ldt-20.7 10" + SM x Best Fit

CMS Prelimenary \s=T7TeV, L5107 (s=BTeV. LS 198 %"

)
TTT1]!1¥TII!I

[xa-day] £Z¥T:LOET:NXIE

'
N

O
<
v
0
&
'g 0
e
3
(9,

ro

'c’ill]YYY'l’""'
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o
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Higgs, top, W masses

of the precise electroweak data
es) against Higgs mass

L L L L L L L I B L L 3 e o L B A e
[sum : ' 66% and 95% CL it contours i Tevatron avérage +

w/o Mw and m, measurements
m Sﬂlt . “" u R ! 68% and 95% CL fit contours

w/o M,,, m, and M, measurements

~{~ ATLAS measurement [arXiv:1207.7214]

L B I B
RN B EN

«f- CMS measurement (arXiv:1207.7235] M,, world average + 1o

IIII'1'IIII'/|I5II|IIII|IIII

T L1 I L 11l I lll ]‘Ll 1 Ii-l"l"l’ l“'l’ I L1l l Ll 1 l [ O O B 160 170 180 190 200
60 70 80 1] 100 110 120 130 140 m, [GeV]

m,, = 94"% GeV (indirect) from the EWK fit; m,=173.2+0.9 GeV (direct) from Tevatron
consistent within 1.30 = 175.8"7 GeV (indirect) fromt the EWK fit
LHC :173.2 =1.0 GeV (direct)




Higgs Spin

ATLAS Preliminary —¢— 8ko. subtracted Data
\s=8TeV,| Lat=20.7f" [ ] Ho'[12s)
H—)WW':':'—mVp.vIp.vev + 0 jets O+

v . | )
i g:ti —— ATLAS Preliminary
ckgrou

B s8ackground Z+jets, 1t H—»>zZ"—a
Signal (m = 125 GeV)
— F =0 1s=7 TeV:|Ldt = 4.6 b’
' 1s=8 TeV:|Ldt = 20.7 fb™’

Events /0.1

-0.8 -06 -04 -02 0O 02 04 06 08 1

-1 -0.8-06-04-02 0 0204 0868 0.8 1
BDT Discriminant

ATLAS Preliminary —+— 8o subtacied Data > Combined channels using
\s=8TeV,[ Lat=20.7fb" [ ] w2 [125)

HoWW ' Sevuv/uvey + 0 jets 2+ HoOWW'> evuyv, H%ZZ*94|,

H->vyy, almost full statistics

= Data strongly favor the J P= 0*
hypothesis

= JP=2* hypothesis is excluded
-0.4 -02 0 0.2 0.4 0.6 0.8 with CL>99.9%

BDT,




Searches for Charged Higgs

> H® (HY h°, A% H?) is predicted by the Beyond SM

> Searches for H*>1v in ttbar events ATLAS Simutation

Rato BT luve

05 115 2 25 3 35 4 45 °

B(t — bH") [°o
e=7TeV L=23" CMS ( ) [%6]

>
-
P
z

100 110 120 130 140 150 160
m,, [GeV]

90 100 110 120 130 140 150 160
GeV)

m(



Searches for Charged I-Ilggs

120 140 160
Dijet mass [GeV]

Limits &t 85% CL.
ATLAS muns Expacted Limit
ﬁ:nwfwu.m*-w*‘“

B{H'» %) = 100%

100 10 120 130 140



mmary

scovery to precision

ew boson couplings
in agreement with SM

otheses were tested and the
IS, 0* , has strong preference

o determine the Yukawa
e quark and lepton sectors
(especually, ttH, H(up)), and to search for BSM Higgs
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till many questions
xotic model?

S; search for resonances
oson), and signatures for
es etc

to obtain limits on masses,

Un-ki Yang, SNU 32



Dilepton resonance

ATLAS Predminary 2 3 5 ‘ ATLAS Preiimnary

Z' — pp Search oy R ? ’ Z' — o8 Seasch

4

A LUK LU

Lk=20m e [Lan;ﬂm
Ve =8 TeV — 3 . ATV

LN ..‘4 il . ..J |

p_channel |

1

200 300 A

<000 3000
m,, [GeV]

rTrrrrorrr Ty rrrl o *

ATLAS Praliminary -« « Expacted hmit
\5=8TeV I Expacted + 1o

\rllllllllIl'l‘llllllllllllllll
\ ATLAS Preliminary - Expected limit

Gl Expocted t 20 ‘? =8 TeV [ Expected + 1o
= Obaanved limit Z- | Expected + 20

- iy, -0 — Observed limit

KR, - 0.05

— K, = 0.03

— ki, =001

LILLLLALL

Ll LLl

IIII'II
1l llllul

1 lllllll
f| lllllll

T IIIIIITl

", e Ild!-ﬁ'ﬂﬂ)‘

ee.pp:det:ﬂ)ib'

T TTT

PURUN W SNV W SN U ST WO YT SO W (N VN WY WU SN WO SN T U ST S NN U U

0.5 1 . 2 25 3 3.5
M, [TeV]




Events / TeV

o)
=
=
T
N
b
o
Gl
X
N
e

ttbar resonance

ATLAS Preliminary -=Data -=-5x T (1.5 TeV)

[Lm-u.zlb'

is=8TeV

[l. dr = 14.3 "

th 5x a., (2.0 TaV)
Wrutes  [JWejets
[()Other Backgrounds

1s=8TaV

e Obs. 95% CL upper limit
Exp. 95% CL upper limit

I Exp. 1 o uncertainty
Exp. 2 o uncertainty
Leptophobic Z* (LO x 1.3)

ATLAS Preliminary

Leptophobic Z’:
narrow width 1%

KK gluon: broad width
10%

Exlusion @95% CL limit (Bayesian)
o 0.5 TeV < mz- <1.74 TeV
< 2.07 TeV

is=8TeV Obs. 95% CL upper limit
Exp. 95% CL upper limit

I Exp. 10 uncertainty
Exp. 2 c uncertainty
Kaluza-Klein gluon (LO)

ATLAS Preliminary

[l.-n-m.afb‘
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—
=
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o
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x
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Dikboson resonance
> W’ In the Extended Gauge Model (EGM)

m( EEM W) > 1,30 TeV

— Expactad 95% CL Limit
e
+Za
—— W EGM Cross Section
. Chzarvad Limit
ATLAS Preliminary

Vs = 8 TeV I Ldt=13.0fb"

-
. + ATLAS Preliminary gm 7z

0+ jets
/|wz

—— 2012 Data
{777) Total Error

D
O
o
<
~—
a
-
Q
>
w

o x BR(WZ) (pb)

\s =aTevI Ldt=13.0M"
102

)
3 ul
10 //////////////// ik

4 .
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My [GeV) W' Mass [GeV]
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Events / GeV

Heavy Neutrino

> Neutrino oscillations requires non-zero neutrino mass and

right-handed neutrinos:

= Type-l seasaw mechanism: 100 - 500 GeV

= The Majorana nature of the heavy neutrino: lepton number

violation (same sign leptons)
= Same-sign with two jets,
but no MET

—e— Data

[CJ Non-prompt

B wWewe t + v
zz

M wz

.~ o (Stat.+ Syst.)
Signal mN=200 GeV

ATLAS Preliminary

fL dt=4.7f5"

\s= 7 TeV

50 100 150 200 250 300 350 400 450 500
m(jj) [GeV]

ATLAS Preliminary

_[ Ldt=4.7f"

—
//

~

—®— Observed Limit

---@--- Expected Limit

[ Expected Limit 1o
Expected Limit + 26

—— — CMS Limit (4.98 fb", {s=7 TeV)

-3
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Dark Matter

> Searches in the context of Effective
Field theory and large extra dimension

> Direct production

= X(=a/9,9,W/2) is radiated from
incoming quark/gluon

Higgs decay to DM
Mono-jets + missing Et Mono-W/Z + missing Et

 z
CMS Preliminary =y w-:t: -+ Dala

=8 TeV — Ldt=2031" 15=8TeV I Z(vv)+jet
IL dt=195 " . 00 WiZ(elw/t)+jet

E 2.0.2; ATLAS Preliminary B Top

ADDM=2ToV,523 SR: E7'* > 500 GeV I Diboson

DMA =00 ToV, M, =1 GeV ] //// uncertainty
UNP 1.7, Ay = 2 TeV e D5(U=d) x20

— D5{u=) X0.2 20

ATLAS Preliminary 15=8 TeV @ Data J L=130m’
ol
E "z "Wz
W Top " Www
"z
30 +« Signal (SM ZH, m, =125 GaV/)

Events / 30 GeV

10
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SUSY

SUSY particles (Sparticle) decay in b/c-jets, lepton, T,
photons, invisible (MET)

Search strategies are based on
two §|gnatures, .thel.r cross ; o [§b]: pp — SUSY
section and luminosities S Tey
R-parity conserving signature | strong

production

Sparticles produced in pairs, _ (12 gen. squark,
each decays to LSP (WIMP) Rrocuct

Stable LSP-> MET
R-parity violating signature
Single Sparticle production

10 ) 1 4 . \
LSP decay: resonances or | O
multijets/multileptons y




Search for SUSY

> Searches in three major areas
= |nclusive (15t-2"9) squarks and gluinos
= 3rd generation squarks
= charginos and neutralinos

m(g) < 1300 GeV

> No signal observed m(G) < 1400 GeV
m(b) < 650 GeV

m(t) 680 GeV

m() < 300 GeV |

m(x™ = %" )igne 650 GeV

m(x* = x°) 340 GeV [

heavy I



nclusive searches

i

12

=
i
=
o
@
I~
]
o
.
oA

direct production

MSUGRA/CMSSM : Olep +j's + E; ...
MSUGRA/CMSSM : 1lep +j's+ E ...
Pheno model : Olep +js +E. ...

Pheno model : Olep +j's +E

Gluino med. % (§—qT% ) : 1lep +j's +E;

GMSB (INLSP): 2 lep (OS) +j's + E.
SB (i NLSP):1-2t+ s+ E_

GGM (bino NLSP) :yy + £ ™"

GGM (wino NLSP) :y + lep + £ "

GGM (higgsino-bino NLSP) :y + b+ E _
GGM (higgsino NLSP) : Z + jets + E, P
Gravitino LSP : 'monojet’ + E+ ...

—>bb/ :0lep+3bjs+E.

gl 2 2 sé-lep +(0-3b-)s +E ..
g—>tt/ 0 lep + multl-Js +E.

T.miss
JTiss

T.miss

Tmiss

Tmiss

JTiss

bb b —>b/ O lep + 2-b-jets + E-

BB, bty : 2 $S-lep + (0-3b-)js + £,
tt (Ilght) t—>b/ 1/2 lep (+ b-jet) + E‘ ith
tt {medium), t—»b/ 1 Iep +bjet+E.
i (meduumj toby i 2lep+E, .,
tt {heavy). t—»t* 01 Iep +b-jet+E,
tt {heavy). t—>t/ (0 Iep + 6{2b-Jjets + E;
1t (natural GMSB) : Z(—ll) + b-jet + E.
ti. ot t: Z(—>II)+ 1 Iep + b—jet+E

Jmiss

Jmiss

JTiss

JTiss

Jmiss

T miss

......................... 2282

!]g'n'l;‘s/ﬁ‘ d

I
i

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

_________________________________________ [

\le I—>l7 2Iep+E,.mss
L ,“—>Iv(lv) 2lep +E.
PR

4—)1\'(1\;) 2+
_°—>U|L|lvv‘) W) - 3lep +E_

W37V 3lep +E.

Jmiss
Tmiss

T miss

Direct %, pair prod. (AMSB) long-lived % /!
Stable g, R-hadrons : low B, B*{

GMSB, stable T : low p

GMSB, / —wG non- pomtmg photons

LFV: pp—w +X,V —e+U resonance

LFV : pp—V +X, V. —e(u )+t resonance
Bnhnear RPV CMSSM Tlep+7js+E ..
7,11 4 Wé ,( —eev, euv ‘4 lep + ETrnss
7 ,(,.‘ x4, —ntv etv 3Iep+1t+E' sige

- g— qqq 3-]et resonance pair
g—»tt t—bs : 2 SS-lep + (0-3b-)j's + £ _ o

1

Scalar gluon : 2-Jet resonance palr'
WIMP interaction (D5,

irac %) : 'monojet’ +E

miss

ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: March 26, 2013)

=207 b, B TeV [ATLAS-CONF-2013.025]

............................................. T misg ..

L=20.7 5", 8 TeV [ATLAS-CONF-2013.007)

ATLAS

Preliminary

{mi@) <2 TeV, light 3 )
{mi@) < 2 TeV, light 3
Lo o e (1208488 00 GeVE g mass  miy,) < 200 GeV.miy') = gimiy pemi@)
ST eV (lzoadsas) ety g mass ang < 15)
12207 6", 8 TeV [1210.1314] 140TeV  J Mass  {ang > 18)
4R eV fzosorss o7 ev g mass  (m{y} > 50 Gev}
L=48fb". 7 TV [ATLAS-CONF-2012148)  619GeV { mass
@ gmass (mii ;> 220 Gev}
9 mass {mi{H)> 200 GeV}
F"“ scale {m(G) > 107 ev)

g mass
900GeV  J mMass
g mass

g mass
{miz") < 120 Gev}
{miE )= 2miz )

ILdt =(4.4-20.7) fo
fs=7,8TeV

{miz") < 200 Gev}
- 8 TeV, all 2012 data
{mi"} < 300 GeV}

{miz") < 200 GeV}

L=20.7 fb™, 8 TeV [ATLAS-CONF-2013.007)

) € b mass

L=20.7 ", B TeV [ATLAS-CONF-2013.007] _ 430GeV b mass
AT eV (1200450804208 2102) WIHETIGEVY t mass (miy) = 55 Gev)
L=20.7 fb”, B TeV [ATLAS-CONF-2013.037] 160410 Gev  t mass
L=13.0 ft", 8 TeV [ATLAS-CONF-2012-167] | 160440Gev ¢ mass  {m(z )= 0 GeV.m{i}miz’ )= 10 Gev}
L=20.7 fb”, B TeV [ATLAS-CONF-2013.037] 200610GeV. t Mass  (mii=0)
L=20.5 fb™, B TeV [ATLAS-CONF-2013.024] 320660GeV. tmass (mii)=0)
L=20.7 ", B TeV [ATLAS-CONF-2013.025] 500GeV t Mass  (m{i )> 150 Gev}
5 s20GeV. t, mass {mif,} = m{z )+ 160 Gev}
PgsHes Gy | mass {mu }=0)
C 110-340GeV 4 mass

180-330 GeV '/ mass

{mi3) = 0 Gev,miz} = 150 Gev}

L=4.7 fb", 7 TeV [1208.2884)
L=4.7 fb", 7 TeV [1208.2884)

(mt‘:f) <10 GeV,m{[¥ ) = Hmiz’ )+ miz. 1)
L=20.7 f”, 8 TeV [ATLAS-CONF-2013-028]

(mu )< 10 eV, miEd ) = simiz, ) » miz, )
L=20.7 fb™, 8 TeV [ATLAS-CONF-2013.035] eooaev x mass {mu' .-mu' m{i )= 0,m{i¥} as above)
L=20.7 fb™, 8 TeV [ATLAS-CONF-2013.035) 31500\! / mass (mu n-mu -mu 1= 0, sleptons decoupled}
Le47f07Tev(12102852)  220GeV } mass {t <tz )< 10ns)
g mass
_ imass (5= mn;s < 20)
¥, mass {04 <'u 1< 2ns)

ﬁ Gmass  {f mm<ct<1m,3decoupied)
[Ceaemt pTev pizizizr e ey v omass (4, =004 =0.05)
LeagmtTTevIZIZAZIZ) 110Tev V. mass (1, =010.1,,,=005)
@ G=gmass (e, <1mm}
L=20.7 fb™, 8 TeV [ATLAS-CONF-2013.036] 760 GeV ’/ mass {miz}) > 300 GeV. )., > 0)
L=20.7 fb™, B TeV [ATLAS-CONF-2013.036] 350GeV. ¥ mass {mu )= B0 GeV, > 0)

g mass
880GeV. Q Mass  (anymiiy
D 100287 GeV|  sQluon mass  {incl. limét from 1110.2693)

M* ﬁcale {m, < B0 GeV, limit of < 687 GeV for D3) |

| | L1111 | | | L 1 | | | | I

L=4.6 fb", 7 TeV [1210.4828)

10™ 1 10
Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



CMS EXOTICA 95% cL excrusion Lmirs (Tev)

q* (qg), dijet
q* QW)

q* (@2

q*, dijet pair
q*, boosted Z
e, A=2TeV
P, A=2TeV

Z'SSM (ee, py)

Z'SSM (tT)

Z' (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’'SSM (ll) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) M =0.1

G (Z(hZ(qq)) /M = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’—= WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p=10TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

LQ1, B=0.5
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0

LQS3 (bv), Q=+1/3, p=0.0
LQ3 (bt), Q=+2/3 or +4/3, f=1.0
stop (bT)

Compositeness

o
A
™
w

l[l‘ulllllllllll

b’ = tW, (3l, 2I) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, l+jets

B’ = bZ (100%)

T = tZ (100%)

t' = bW (100%), |+jets

t' = bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l., single e (HNCM)

C.l., single p (HNCM)

C.L, incl. jet, destructive
C.l., incl. jet, constructive

Ms, vy, HLZ, nED = 3
Ms, yy, HLZ, nED =6
Ms, Il, HLZ, nED = 3

|

Ly

—

Ms, I, HLZ, nED =6

MD, monojet, nED =3

MD, monojet, nED =6

MD, mono-y, nED =3

MD, mono-y, nED =6

MBH, rotating, MD=3TeV, nED =2
MBH, non-rot, MD=3TeV, nED =2
MBH, boil. remn., MD=3TeV, nED =2
MBH, stable remn., MD=3TeV, nED =2
MBH, Quantum BH, MD=3TeV, nED =2

5

LeptoQuarks

3 4 5

Generation

Contact

Interactions

. Extra Dimensions
& Black Holes




Large ED (ADD) : monojet + £
Large ED (ADD) : monophoton + £,
Large ED (ADD) : diphoton & dilepton, m,, ,,
UED : diphoton + E; .
s' /Z, ED : dilepton, m,
RS1: d|photon & dilepton, m,
RS1: ZZ resonance, m,,
RS1 : WW resonance, my
RS g —tt (BR=0.925) : tt — I+jets,m
KK 1t boosted
ADD BH (M, /M,=3) : SS dimuon, A7,h part.
ADD BH (M IM =3) : leptons + jets, Xp
Quantum black hole : dijet, F:(

Z (SSMy i m g,

Z' (SSM) : m...

W' (SSM) : Mo
Wi(—tq, g =1):m

W'g (= tb, S5M) :m,_

iq

Scalar LQ pair (§=1) : kin. vars. in eejj, evjj
Scalar LQ pair (§=1) : kin. vars. in uujj, Lvijj

~ Scalar LQ pair (B 1) < Kin. vars. in ttjj, Tvjj |

4" generatnon t't'— WbWb
4™ generation : bB(T,, T.ﬁ)—> WitWt

New gquark b' : b'B'— Zb+X, LM,

Top partner : TT = tt + A A (dilepton, M J
Vector—llke quark CC, m

Vector-like quark : NC, m

" Excited quarks " y-jet resonance, m b

Excited quarks : dijet resonance, m

Excited lepton : |- Y resonance, m'

~ Techni-hadrons (LSTC) : dilepton, m,,,
Techni-hadrons (LSTC) : WZ resonance (vlll), m, 2

Major. neutr. (LRSM, no mixing) : 2-lep + jets
W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod BR(H™=ll)=1) : SS ee (uu), m
H‘*(DY prod., BR{H=—ep)=1) : SS ey, m '
Color octet scalar : dijet resonance, n?'

*Only a selection of the available mass limits on new states or phe

ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: HCP 2012)

| L=4.8 b™, 7 TeV [ATLAS-CONF-2012-038]

[ 1 1
\Mo(bZ)

ATLAS

Preliminary

18Tev M (HLZ 5=3, NLO)
Compact scale R
My ~R 1
@ Grawlon mass (k/Mg = 0.1)
L1017 7 YV 120500748 I gas Gev  Graviton mass (k/M;, = 0. 1)

J.Ldt = (1.0 - 13.0) fb™’
fs=7,8TeV

78TeV. A
L=4.9-5.0 ib”, 7 TeV [1211.1150) 1397eV A (constructive int.)

L=1.01b", 7 TeV [1202.5520) 17Tev A

lig, ..

249TeV 7' mass
14Tev Z' mass
255Tev. W' mass

£=5.9-6.1b", 8 TeV JATLAS-CONF-2012-129)

L=4.71b", 7 TeV [1210.6604)
L=4.71b", 7 TeV [1209.4446)
L=4.7 1b”, 7 TeV [1209.6593)
L=1.01b", 7 TeV [1205.1016)
L=4.7 tb”, 7 TeV [1209.4446)
L=1.01b", 7 TeV [1112.4828)
L=1.01b", 7 TeV [1203.3172)
L=4.7 fb”, 7 TeV [Preliminary)
L=4.71b", 7 TeV [1210.5468)
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-130)
L=2.01b", 7 TeV [1204.1265)
L=4.7 b, 7 TeV [1209.4186)

W' mass
113TeV. W' mass
242Tev. W* mass
660 Gev T gen. LQ mass
685Gev 2" gen. LQ mass
538Gev 3“ gen. LQ mass
656 Gev ' mass
670Gev D' (T, ) mass
400 Gev b' mass |
483Gev. T mass (m(A ) < 100 GeV)
L=4.61b", 7 TeV [ATLAS-CONF-2012-137] 1427ev.  VLQ mass (charge -1/3, coupling x o = v/m,}
L=4.61b", 7 TeV [ATLAS-CONF-2012-137] 1.08 Tev. VLQ mass (charge 2/3, coupling x o = v/m,)
L=21 b, 7 TeV [1112.3580) _ 246TeV. (" mass

430 GeV

L-ls.ﬂ'lb"i 8 TeV ETLMM-!M!AQ 3.84TeV 4" mass

Ay

£=13.0 fb”, 8 TeV [ATLAS-CONF-2012-146) 227ev_ |* mass (A = m(l*))
pJeo; mass (m(p Jo) - min;) =M, )
p, mass (m(p_) =mix;) +my, mi@a)=1.1mp ))
N mass (m(W_) = 2 TeV)
Wy mass (m(N) < 1.4 TeV)
H* mass (limit at 398 GeV for uu)
H* mass

Scalar resonance mas

10°
Mass scale [TeV]

10

nomena shown




Summary & outlook

de fabulous

covery of a Higgs
n the Standard Model
ven in Run 1 phase

I, but many limits on new
to much higher scale, still
ly being analyzed in many

g 13-14 TeV collision with 70-100/fb data,
LHC physics reach at TeV mass scale will be greatly
extended at Run 2

Un-ki Yang, SNU
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Heavy Neutrinos

s-ch. : W exchanage t-ch. : W-y fusion

> t-ch W-g fusion is found to be
significant: arXiv:1308.2209[hep-ph]

> Effect becomes larger at 14 TeV

CMS 7
ATLAS 7
New 7

Prev. Expt. 8
New Expt. 8
Prev. Expt. 14
New Expt. 14

Indirect Limit




