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LHC = Large Hadron Collider
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AN RE =

MEE x BRI=/>7«

-

(1)  top quark DXY4EERTHEITE I
~ 170 pb (@ 7 TeV)

o (pp = t T + others)

201157827 H/KEH

dN/dt = Cagl X&)
event rate cross section luminosity
N o oy e T
total event Cross section infegrated
number luminosity
\_ J
p = pico = 10°%¢

b = barn = 10-%*cm?



ARV = MER X BRI/ 7«

& = 2
event rate cross section Y luminosity/
N o (o e I
total event Cross section intfegrated
number luminosity
s J
= DI e -12
(B)  top quark XA RKHTHEITE [ p = pico = 10

b = barn = 10-%*cm?

o (pp = t T + others) = 170 pb (@ 7 TeV)

o INFTHOII /T 4—DEAIEIE L = 0.0016 pb!/s
oxL =027 /s (4%c1[E top quark ! )
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AN RE =

MEE x BRI=/>7«

-

dN/dt = Cagl X&)
event rate cross section luminosity
N o oy e T
total event Cross section infegrated
number luminosity
\_ J
p = pico = 10°%¢

(1)  top quark DXY4EERTHEITE I
o (pp = t T + others) = 170 pb (@ 7 TeV)

b = barn = 10-%*cm?

o T %l

L CTDILI /T« —DH\RKIEIF L = 0.0016 pb/s

O XL
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ARV = MER X BRI/ 7«

-

dN/dt = ) X & |-
event rate cross section luminosity
N - 0)
total event cross section

number

\_

(1)  top quark DXY4EERTHEITE I
o (pp = t T + others) = 170 pb (@ 7 TeV)

b = barn = 10-%*cm?

o INFTHOII /T 4—DEAIEIE L = 0.0016 pb!/s
oxL =027 /s (4%c1[E top quark ! )

o INXTHEMDINI /T «—I& fLdt = 1400pb™! (ATLAS + CMS ~ 2800pb™! )
o X JLdt = 240,000 (BEICHISOTMED top quark HY ! )
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ANV = EE x BRI/ >7+
dN/dt = 0) S a

event rate cross section luminosity
. J
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ARV = HERRE X
dN/dt = 0)

event rate cross section A

\_
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ANV = EE x BRI/ >7+
dN/dt = 0)

event rate cross section .M

luminosity
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ANV = EE x BRI/ >7+
dN/dt = 0)

event rate cross section A
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ARV = MER X BRI/ 7«

3
dN/dt = o ,

event rate cross section _AJuminosity
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ARV = MER X BRI/ 7«

3
dN/dt = o ,

event rate cross section _AJuminosity
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ARV = MER X BRI/ 7«

& B

dN/dt

event rafe

MR AR E > T 35
BRI DD proton DD quark, gluon (parton)

»(:i (0, O, xiE, x:E) */(O 0, -x2E, X2E) (

(O, O, E, E) (0, O, -E, E)
E =7TeV

O (pp— X +any) = 2 JXmdXZi(XI, QZ)FJ(XZ, Q?) o (ij—X)

i,j=quark parton aistribution parton
,gluon function (PDF) cross section
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1RV K2 = HRER

| #Z1E 0(100GeV)
| DRIFZEKT BICIE

| x> 0(100GeV) / 7TeV
~ 0(0.01-0.1)

| gluon RELHFETES
S - Higgs “EHX

|, J=quark nast parton
,gluon function (PDF) cross section
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11 TeV ORIFES

X > 1TeV / TTeV
: ~ 0(0.1)

. 3\ up, down, gluon NEE

— 1 : squark, gluino £

|, J=quark nast parton
,gluon function (PDF) cross section
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ARV = MER X BRI/ 7«

N i o (b

total event Cross section infegrated
number luminosity

IRTE (sLdt =~ 1400pb!) X TIT + « -

J
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ARV = MER X BRI/ 7«

N = o x Jrat
total event Cross section infegrated
number luminosity

J

IRTE (JLdt =~ 1400pb!) ETIC *  * ()

W(—lv) : o = 10,000 pb ... ~ 14,000,000 events
t thar @ =0 =10 pb . g = 240,000 events

Higgs (100GeV) : 0 = 20 pb ... ~ 28,000 events !l
Higgs (200GeV) : 0 =~ 5 pb ... x 7,000 events !l
squark & gluino (750GeV) : = 1 pb ...x 1,000 events !l
squark & gluino (1 TeV) : = 0.1 pb ..... ~ 100 events !l

(: BEERALBEZZD5M-TE O TEIGERTT, )




Ric = = E—LhAAEEAM

»( E (0, O, xiE, x:iE) */(O 0, -X2E, X2E) (

E 7TeV (0, 0, (X1-X2)E (X1+X2)E)
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E—L7F EHEGR

_)(:g'f (0, 0, xiE, xE) */(O 0, -x2E, X2E) (

(0, O, E, E) (0, O, -E, E)
E =7TeV (O 0, (X1—X2)E (X1+X2)E)

parfon“ﬁlﬁb?ti E—LAFRDEFHERFIEL

RO Mo fe parton BIADIRD 73 X ERTA N
E— AARICRIT TohF DEFHE (38 7E H K& L
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E—L7F EHEGR

»(:i (0,0, X1E i E) */(O 0, -x2E, x2E) (

(0, O, E, E) (0, O, -E, E)
E = 7TeV (0. o, (xl-XZ)E (x1+x2)E)

—%. BAROEHEREELTVS,
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E—L7F SR

P /\% P
— (0, 0, XiE, XiE) * (0, 0, -x2E, x2E) é ) €
(0, 0, E, E) X (0, O, -E, E)
E =7TeV (O, 0, (x1-X2)E, (X1+X2)E)

—%. EAROEHEREELTVS.

A B =2
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SUSY search A.Taffard [ATLAS] Euroconference on HEP 2011

MSUGRA/CMSSM A,=0, tanB=10, p>0

MSUGRA/CMSSM: tanf = 10, A = 0, u>0

ATLAS Preliminary 0 lepton 2011 combined

L™ = 1.04 1b ', 187 TeV CL, observed 95% C.L. limit
| LEP2 ¥ === CL_ median expeciod imi
D0 g. q tanf=3, u<0, 2.1 1" exp. limit 68%, 99% CL
BN COF gq tanfi=5, <0, 21b" * Relerence point
B Theoretically excluded —— 2010 data PCL 95% C.L. limit

WA

500 1000 1500 2000 2500 3000 3500
m, [GeV]

Exclude at 95% C.L
| m, =m; , masses < 980 GeV
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SUSY search A.Taffard [ATLAS] Euroconference on HEP 2011

MSUGRA/CMSSM A, =0, tanB=10, u>0 S lnirifel=s

RNDIER CHDIEZRLTWD MSUGRA & LW\ S ERIA

m 7 TeV — CL, observed 95% C.L. limi {}iﬁg L/ e ﬁif:?rﬁ' L/ C L) % 73\\

-y -« CL, median expected limi
D0 g. q tanfi=3, u<0, 2.1 b exp. limit 68%, 99% CL

B COF G4 tanfi=5, <0, 21" *  Releronce point j/EEE_?_jIFg El"‘] 715suU SY*E@ TlZ

B Theoretically excluded 2010 data PCL 95% C.L. limit

- squark, gluino mass (CXf LT
: R I &[R U IR

gluino
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SUSY search A.Taffard [ATLAS] Euroconference on HEP 2011

MSUGRA/CMSSM.A.=0..tan8

MSUGRA/CMSSM

ATLAS Prelimg
L™ «1.041b " 187 TH
LEP2 ¥ ia
D0 g. q tanfi=3§
BN COF g4q tanfi<]
B Theoretically o)

. > . 5

1
exclude =N TWLWBSDH &L

Y TY"T"]
-

L] ]' 1] T T L] ' T T ]' L A
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Four Jet Channel
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WATLAS

D EXPERIMENT

MSUGRA/CMJSSM.A]

MSUGRA/ICMSS : =0 = | M,.4=1810 GeV
ATLAS Preling \ E_m#5-460 GeV
SR | P | Jet p,=528, 418, 233, 171, 42 GeV
LEP2 % 1 ) .
D0 g, g tanfi=3§
B COF gq. tanfi=4
B Theoretically ui

r-

Entries / 100 GeV

DATA /MC
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SUSY search c.Autermann [CMS] Euroconference on HEP 2011

CMSH [Al Bk

CMS preliminary (o; ) [Ldt=1.1fb" \s=7TeV
R L Obesrved Limit (NLO), cL, B CDF 2,7, tans=5, u<0
- = Observed Limit (NLO), PL S~ D0 7,73, tang=3, u<0

Median Expected Limit = 10, PL I LEP2 21
v = Observed Limit (NLO), FC, 35pb™ -
~ (NLOL FC, 300" I | p 7

g(1250)GevV
tanB=10,Ao=0,u>0

2(1000)Ge

g(750)GeV

500 1000

1500 2000
Updates for 'Jets+MHT", 'Razor’ for >1 fb-1in preparation m, (GeV)
— LeptonPhoton / SUSY2011
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o RIT Higgs (D &>&EF2EHE?)

o (3E) SUSY IC & o Tld Higgs ' 130 GeVLL T H
EShDBE->THKRE

m(higgs) < 130 GeV for MSSM
[cf. Okada, Yamaguchi, Yanagida, 91 1tt]
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Higgs search K.Cranmer [ATLAS] Euroconference on HEP 2011
C D¥EIE exclusion

IA'II'LAS Preliminary

— Observed CLs 1
- Expected f Ldt=1.0-1.2 fo

=10 (s =7TeV
|x20
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200 300 400

155<M;<190 and 295 <M, < 450 GeV/c?
excluded at @ 95% CL
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Higgs search K.Cranmer [ATLAS] Eu g Ty N
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I-liggs search K.Cranmer [ATLAS] Euroconference on HEP 2011

© 0)%’*3 exclusion

[ v -
 ZDEEER S
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3 > T,
| 2 04 BT S
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 sm Higgs D=9 % |
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Higgs search ATLAS & CMS RIS & - - -

© CMS Preliminary, \'s = 7 TeV [ == cL. Observed

# - _ -1

~ Combined, Linl}__ 1.1fb B CL_Expected 1o
\ CL, Expected + 2¢

— 1 ! T ] T T T ] T T T T
- ATLAS Preliminary

- — Observed CLs -
---- Expected det =1.0-1.2fb

E=x10 Is=7TeV :
+20

—.
o
rr—

------- Bayesian Observed ||

.:- 1NN

—
b—
=

—
o
I T

NN

Limit on 6., /0y,

95% CL Limit on o/og,,

WZA | L] R4 . "
100 200 300 400 500 60(

2 o | :
L ] Excluded (GeV) 'Higgs boson mass (GeV/c?)

’ 155<M,<190 and 295 <M < 450 GeV/c? | [149-206] ... [300-440]
excluded at @ 95% CL and 3 short segments
in between

K.Cranmer [ATLAS] Euroconference on HEP 2011 A.Korytov [CMS] Euroconference on HEP 2011

kd

EE 5% [150-200] & [300-450] 1D = exclude
(ZFDORE®D [200-300] bHE—EBEICRZ %, )
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Higgs search : {&L) mass D& 5%

FUSRdE

K.Cranmer [ATLAS] Euroconference on HEP 2011

Impressive sensitivity to a

Higgs boson in the mass
range 135-200 GeV

Excess in H—- WW — |vlv
leads to weaker-than-
expected limits near

Mn = 130-160 GeV

201157827 H/KEH
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Higgs search : {EL) mass O N TRV LN RE)
DEDBoTWLD (95%EBEMNLD)
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Higgs search : {8L) mass DEZBZ5F LK RB& - - -
qertet 1he H— WW — Iviv Channelsfg

i

Impressive sensitivitytoa £ *f oxa zon.q;mev]' Ldt=1041"
Higgs boson in the mass 4 %} ATLAS Preliminary
range 135-200 GeV o 20f =1~ Den

m, =150 GeV, 1xSM
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Higgs search : {8L) mass DEZBZ5F LK RB& - - -

background only Z{RE L EED plE (F: COREIFFICTSIEFE excess)

L lllml

Test statistic defined
such that downward
fluctuation gives po=50%

1 1111][][ | IIIIHW

VAR

Largest excess has
approximately 2.80
significance
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Broad WW— lvlv excess

K.Cranmer [ATLAS]
Euroconference on HEP 2011




Higgs search : {8L) mass DEZBZ5F LK RB& - - -

background only Z{RE L EED plE (F: COREIFFICTSIEFE excess)

Test statistic defined
such that downward
fluctuation gives po=50%

Largest excess has
approximately 2.80
significance
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Higgs search : {EL) mass DEZHZFFLK RS L
background only ZIREL/cEED pfE (GF : CORIIFICTTSIFE excess)
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Higgs search : {8L) mass DEZBZ5F LK RB& - - -

background only Z{RE Lc & E D pfE

CE: COEIETICITK IEE excess)
ATLAS  CMS B 120-150 1D [ excess H¥dpD = ¢« = = <1l

<

@ 4| ATLAS Preliminary

Test statistic defined -
such that downward 10
fluctuation gives po=50%

Largest excess has
approximately 2.80
significance
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— Combined

10" Interpretation requires look-

200 elsewhere effect correction

m,, [GeV]

e o Z7 — 4l

.............................................. 4

120 140 160 180 220
Higgs boson mass (GeV/c?)

combined DFEERDEULH ! |

SH (BAXERD20:30) OLEBER ?

JKEED~—% ? Lepton Photon =i (8H) 7 ?
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Part III
SUSY ¢ ¢ ¢« ?




o Higgs IXEE®ICH D ZE 57, composite T <

elementary Higgs * * * SUSY &ML LY,

T%H 120~150 Dexcess APz s - - -
% < DIER (mSUGRA, GMSB) NN F =9 LA IE
(<120 GeV) &£D B &> EEL,

BEIC 130~150 IEEMSSMTIEEI LW (= NMSSM? ?)

e ZHZH SUSY RIFIER DD >TULEWL (5 1TeV)
ZNTH SUSY BB ERB->TWLWBRDOHN? ?
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Higgs mass

e Higgs IZEESIc % D IR
elementary Higgs * * | “ "
TH 120~150 Dexcess 75\2|§

% < DIEAE (MSUGRA, GMSB] .
(<120 GeV) £DBE &k > &E ; U. Eltwanger, etal. Phys Rept496 (2010) 9

51T 130~150 72 EMSSMTIRBILLY, (& NMSSM y2)

e ZHZH SUSY RIFIER DD >TULEWL (5 1TeV)
ZNTH SUSY D'HBERB-STWVWBAIDH? ?
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SUSY DH B EETTEH>TWSDH?
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SUSY DH B EETTEH>TWSDH?

KN EWZa—KY /EBE & F

HOYE > RYE

- BWABZE_-a—bMJ/ O0FEZEITKBLTWS,

(

-

gB SEE TH =S
*m’?— = nfff

o) €90 90 sapegeee;

€0 €0 €0
2 ® & O

\
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\

() @ DT <BRVNEEZHEA.
[ —Y) —HERE] Yanagida, 1979 fi

(2) @@E‘Ei% (CPZIE->TW3) T
'8 > RY)E 7z 5iEA.
[L7 KRR R] Fukugita, Yanagida 1986
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SUSY 1S5 EEFRTESTVWSDH?

M OHEE > 10°Gev  >>>>> BFRT—IL (100 GeV)
> fo & ARF—ERN R TH.
10° GeV E TIIIZDEFH TDINTWNSDICS Do

high energy (short distance) ICc & D EARNRIEmNHPDEERSE - - -
cEcifoilialallaRedD)

naturalness problem

m3, = m?{,o + A? (A > my)

R -_O_-

(ime tuning like 1.0000000000000001 - 1)

— solved by the supersymmetry !

My,

JxIbIAY Y >
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SUSY DH B EETTEH>TWSDH?

=H5(C- - - Kfi—HEim: EXLIETDH !
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SUSY DH B EETTEH>TWSDH?

- B-HoTFETI !

e e
LHC 14TeV run TH SUSY RO sxhoTcs » - -
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fine-tuning *+ * « ?

(from Kitano-Nomura, hep-ph/0602096) : see Refs therein RIEREIICEDL S5L\D

What is m; in supersymmetric theories? For moderately large tang = (H,)/(H,), e.g. C ance”athn 7’:)\‘ L) %)
tan 3 & 2, m} can be written as FoER (e.g. mSUGRA) T
RES parameter (3) N 7?

Higgs mass

parameter

mh 1™+ My e + miy, |rad, )
where p is the supersymmetnc mass 10T TREHIEESAo0 :

,,,,, o |u“ Al ,“_.3",.

etry-break, " MSUGRA, CMSSMA -0 tanB 10 p.>0

MSUGRA/CMSSM: tanf} = 10, A = 0, >0

the tree-level and radiative contributions tg
H,. The dominant contribution to

2 2 ATLAS Preliminary 0 lepton 2011 combined _‘
m2 | ~ 3 (m + m + IA I ) (lwmess 9 (R gé::)z 'j \s-7 ToV w— CL, cbsorved 95% C.L. lima :
Hylrad = 87 g2\ Qs Us ‘ m; ' ,. ~600 | | 00 . qlimls-s.u.»o 211" o oC-L;a T:ﬂ“ramm:m
b E B COF g tanfi=5, n<0, 2’ % Rolerence point
mSUGRA tanB:‘] 5, Ao =0, u>0 B Theoretically excluded —— 2010 data PCL 95% C.L. limit
| 1 o ; e .
450 % T
400 I
S’ 350
() -J N S U R N
0] S B B R s N e
~ 300 Higgs boson mass bound | ¢
s e (114.4GeV) ¢
250 . 2%
- 500 1000 1500 2000 2500 3000 3500
200 ¥ m, [GeV]
150 i Exclude at 95% C.L
100 : If m,=m,, masses <980 GeV | |
mg [GeV] A.Taffard [ATLAS] Euroconference on HEP 2011
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fine-tuning *+ * « ?

4 )
fine-tuning problem
m?, = m%. + A? (A > m) a]10#7%6 D fine-tuning I
| O- /]/—\77‘—597:
(SUSY®D motivation 1 2)
(fime tuning like 1.0000000000000001 - 1)

7
\

\
M

Uy 1% &0 0.1% D

little” fine-tuning problem fine-tuning (&2 D ?

mlzz - |/~‘|2 + m:}?{u |tree + m;}?{u Irad;

mSUGRA tanf=15, Ag=0, u>0
500 ' .

(“little” fine tuning 1.01-1 or 1.001-1) 450 [ stau LSP
\_ / 400
RSP - - 7 g w0 Sl
BARBREZABDETY : o 30 Higgs boson mass bound
@ fine-tuning A/ \& L\ parameter FBiRICH D EE X %, = 250 B 2% (114450
@ ChniFby b2l EEZ. fine-tuning DVNE K2 K S BREZIERT 2, 200
@ (X SUSY scale ([F/h & WiF E mass DMEIRUTWTSIER X TR, 50
@ 1 %EEED fine-tuning AN T2 &ED HETEZ KD, '
WIhicE k. SUSYZEZSED. parameter MIC %00 0 200 400 600 800
1%BED tuning h'%3 (£3KKCRZ3) EWSERIBISNESICHEL, o 1668
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Part 1V
A model

RRICDULETEIR: - -
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GMSB + NMSSM + hidden matter

KH, Nakayama, Yokozaki, 1107.xxxx (BHH)

- PQ mechanism
flavor/CP | u/Bu domcllll P ng:g for
e strong CP
GMSB v X
GMSB +
NMSSM ‘/ V X X
GMSB + NMSSM
+ vector-matter V V V ‘/ X
GMSB + NMSSM
+ hidden-matter V ‘/ V ‘/ V
HFOTEAEDSUVVER 7 |
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GMSB + NMSSM + hidden matter

KH, Nakayama, Yokozaki, 1107.xxxx (BHH)

W = Wmssm + ASHuHd + (k/3)S3
+ N'SQ'Q’
+ Whmess + Wmess-for-Q’

® mass spectrum (& GMSB + NMSSM
® Higgs mass ~ 130-140 & CH]

(7272 U perturbativity messenger scale & C : & UV completion )

5 SR DNVEDRI S 115 AT BENE (domain wall @ FiEE)

himli

U RERSAZEIT—ICHATHWT TS L,



k<

o (WxE5EIFARW) LHC DHIFR U
+LHC D &A1 D g R D —#P..... Higgs !

@ vYoldD sUusy CL&D

® NMSSM + GMSB + hidden matter C9 /N THER ?
KH, Nakayama, Yokozaki, 1107.xxxX
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EEHDMRES 2 WVWE LT,

Lef's Have a Coffee !
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New::

« To maximize m;,m, coverage, defines 5 signal regions:
da—(a70)(a7)) 4y

38— (qas)(992s)

- (qa1s)a2s)

n

_ i

meﬁ = 2 ‘pT
i=1

Background Sources

W+jets
Z/y+jets
top

QCD jets

1104 fbal

o™
~—

A
N

M

miss
+E;

Lepton measured as jets
y/leptons measured as jets
Hadronic t decay

Mismeasurement of jets or v in H.F decay

All background estimations are data-driven

Jets+E.™ss Search

Discard events with e(u) p;>20 GeV (10 GeV)

‘ Signal Region

>2jets >3 jets

>4jets  High mass |
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ET

Leading jet pr
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> 130
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L e e B L e e
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ATLAS Preliminary
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T
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L e o
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24-jets
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1 fbA-1 > TEARRU ?

Figure from 1101.0593

Report of the LHC Higgs Cross Section Working Group
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Fig.40: The total SM Higgs production cross section at /s = 7 TeVand 14 TeV.
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-I fbA'1 jTt“A”-d\ll.a\U ?
(SUSY DHIICE & - & Higgs)

o x BR [pb]

Figure from 1101.0593

Report of the LHC Higgs Cross Section Working Group
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Fig. 1. The cross secuon multiplied bs decax bra.nchulg ratios
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SUSY 785 - - - Figure from 1105.1101

oNLO<NLL[Pb] | ONLO+NLL[PD]
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1 foA-1 > TEAGRDU ?

SUSY 785 - - - Figure from 1105.1101
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-I fbA'1 jTt“A”-d\ll.a\U ?

SUSY 74 5

‘ Figure from 1105.1101
10° ONLO+NLL[Pb)
102 -
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- 1000 events
10° F _
| pp 10d events
-1 } N —
10 VS =TTe
| mg=mz=m 10 events
10-2 ' ﬂ
Mo =
200 400 600 800 1000 1200
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Fig. 6. The NLO-+NLL SUSY-QCD cross section for inclusive squark and gluino pair-production

at the LHC with 7 TeV, pp — GG+ 4q+ dg+ §g + X, as a function of the average sparticle mass m.
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1 foA-1 > TEAGRDU ?

oNLO+NLL[Pb]
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Figure from 1 105. 1101 Fie 11 The NLO+NLL SUSY-QCD cross sec

(heavy squark limit,
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1 foA-1 > TEALBRUL ?
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SM Higgs production cross section
and branching ratio

Ns=7TeV

s TN
LHC HIGGS XS WG 2010
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LHC HIGGS XS WG 2010
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Branching ratios

o(pp — H+X) [pb]
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