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Plan of my talk

1.LHC status and plan
2.Results of Higgs Hunting

proof of the phase transition of our vacuum,
and origin of the symmetry breaking and mass.

3. SUSY hunting related to Dark Matter § e

SUSY is the most promising BSM

LSP is the good DM candidate e ST
4. Extra dimension (If | have time) | db/

Planck Scale
1019GeV

5. Summary and Perspective l l




Circumference 27km
8.4T Superconductive magnet are
installed.
*Proton-Proton colliders with ECM =
14TeV
Now ECM= 7TeV (2010~2012)
“There are two general purpose
detectors
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[ ] ATLAS Recorded

Total Delivered: 3.41 fbo'
Total Recorded: 3.22 fb™

n: number of proton (1.4*10!Proton)
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f: frequency of collision (20MHz)
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We have a data more
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Data more than 50 pb! / day are delivered now

Day in 2011



LH C SChed U |e 18 months to repair all bad connection

2011 ECM=7TeV L~5fb!
2012 ECM=7 or 8 TeV L~20fb!

2013 Shut down

~

2014 Autumn ECM=13-14TeV restart

2015

~J

2020

2020-
2030-

of cupper bar between the SC magnets

ECM=13-14TeV 103*cm s'!
L > 300fb-!
Targets are

Higgs coupling 2018 Shutdown for High Luminosity

SUSY upto 3TeV semi-conductor detectors
are replaced

LH-LHC 103> cm=Sst! L~ lab*/year Self coup. of H
HE-LHC ECM ~40TeV  depends on new physics



2. Results of Higgs Hunting




Leading

Production Process of Higgs @ LHC
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9 Forward jets

VBF are characteristic, _ 4

association production with top/b
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Higgs (M=12
GF 0~10-15pb
VBF 0~ 1-1.5 pb
WH/ZH ~ 0.5pb
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Two different couplings can be examined in the early

stage of LHC.
coupling”, can be examined.

Origin of fermion mass, “Yukawa

In SM Yukawa is not inevitably, just given by hand



Decay Branching Fraction G * Br

for analysis channel
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Higgs decays into heavy particles: S - \s=7TeV SM
5 important decay channels: _ S T ]
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key channels are
GF(H->yy, WW(lvlv), VBF(tautau), WH(bb)
Br =2*103 small but clean (M(H)~ 120 GeV)
GF ( H> WW(lvlv), WW(Ivqq),ZZ(41), ZZ(llqq))
bb, TT, VY mh < 135 GeV (M(H)>130GeV)

WW,ZZ mh> 125 GeV

o % Br~0.01-1pb



Production o of the SM background processes
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factor ~ 104

Fake lepton: Jet is misidentified as lepton(Prob. 10 Not Easy work & Study BG
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[1] HOWW-=vlv

Opposite charge 2 leptons (ee,up or en) and mE;(missing E;) are required:
Then the events are categorized into with O jet, 1 jet and 2 jets:

Candidate Event
in 0 Jet category
p+

W
proton
gluon gluon
O > € MET represents
sum of invisible particles
roton (2v) MET
49.9 GeV
W .
\ mET Is reverse vector

of sum of visible energy

e- anti-v
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GF H->WW
with ISR
W
proton
gluon gluon
proton

‘ ,‘ ; =
VBF H->WW |
one forward Jet mlssmg il




After these selections and categorization; check 2 crucial variables

AD(Il) Azimuthal angle of dilepton MT(Transverse mass)

two v’'s emit in Higgs signal:

Higgs Spin0 we can not reconstruct H mass.
+
M 0 > MT2 =(E-|-” +E_|_missing)2_(p_|_ll _|_P_I_missing)2
@ e- e+
Signal M; <M,
Higgs is scalar, so (M=M, if P,(Higgs)=0)

spin combination of W pair

is always opposite.

Because of 100% parity violation
in the weak decay,

the lepton emits into

the similar direction.

so AQ is expected smaller for Higgs signal.

On the other hand
SM WW process have wide flat distribution
in the MT .
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Data/MC

Entries / 10 GeV

Data /MC

458 =" Tminary m—;uzgim 3 805‘ ATLAS Preliminary =~ » 0se = su@sess) 3
40E-| OJe 2=1700" EI;M Eswem: E 70 \5-77Tev, lLdt 1701° E;’w —
35E-§ 0 jets [ 2zt 0] Wosets gatamven=|  GOE- HoWW—siviv + 0 jets [ Z+ets [ Weets 3
305_ [CJ K150 Gev] _E 505_ [ Hs0) _E
oeb data70 3 ¢  + E
5 ] 40 E
205 + BG 53+-9 3 ,E 3
15 4
102_ _; 20z E
5E- 4 10 E
2_:-.-.-.--11---.---.--:.-- e 25.1 ............ l .................
15;‘ } { ] l ‘; 1'5; L t } | .
1: { r I ] "|: T
E { I { o5t ;
[ o I T T T T T L L I o e e e e e
60 80 100 120 140 160 180200220240 © 05 1 15 2 25 3
MT [GeV] Ao(ll) [rad]
—_— S —
- minary e Osis = SM(gs@sia) 3 1.
16 1J€t R=170%" 5:‘” g‘;f:f:;f E .
145 oot B 2SI Wopts i v Excess in M; < 150GeV
= [ H1150 Gev) E . .
12¢ 3 SM WW is main BG.
10 data 23
8F -
N3 BG 23+- 41
4E E L
2F 4 2. No excess was found in 1 jet category.
2_—'[ LIr' Y T 1 L B | | LI 1 l'—:n
1.5;~ * 1 _ & 1 1 =
1 , ' !
ok t 1ot ] background processes

H>WW-=Ivlv @ ATLAS (L=1.7fb?)

Ad distribution looks reasonable as signal.

SM WW and top pair production are main

Small excess (20) is observed in O jet.



entries / 5 GeV

H>WW-=Ilvlv @ CMS L=1.55fb™!
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Excess is observed in 1 jet category
But No excessin O jet category.

M, < 140GeV.



Calculate 95% CL Limit on SM Higgs using WW channel
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Higgs is excluded whose mass = 145-200 GeV Signal significance considered
as Higgs
(1) Observed results are worse than the expected sensitivity about 20.
(2) Both ATLAS and CMS have a small excess (about 2 6) Mh < 150GeV
(3) Not independent for various mass points, they have correlation.
(4) Number of the observed excess is consistent with signal Mh=130GeV
But Not clear since wide distribution of M;, ATLAS(Ojet) CMS(1jet)
(5) Higgs > 135 GeV is disfavored, since more Higgs signal should be observed.
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Branching fraction is small (2*10-3), but good mass resolution
and sharp peak is expected in yy invariant mass distributions

30 1 _ pata
CMS L=1. 7fbt e, lines show
25 a0 Gov s -
E :;l—;‘(t:ll)jﬁi Min(R_)>0.94 — 5XSGM m, =120 GeV ﬁtted BG
20 Signal (120GeV)
b is also
L superimposed
10 H
: (ois enlarged
5t by factor 5)
- L | L 1
900 120 140 160
m,, (GeV/c?)
20, No excess is found
ECMS preliminary : Observed CLs Lin
BEVs=7TevL=1661"" " Observed Beyesi except for
16— :
145_ ------- meanexpectes [V|h=140GeV @ CMS
- - + 1 Expected CLs
12 _ [:] + 26 Expected CLs
1ol .

xOgy

1 45
my, (GeV/c?)

o(limit) ~ 3x o(SM) -> need more data by factor 10 ( sensitivity ~ VL ,

Excess at 140GeV is 2.50 level, But No excess in ATLAS(negative),

150

BG dominant)

Signal yield =5 * SM
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CATLAS S YmV S W 1M4u—201 Gev
*EXPERIMENT a

[3] ZZ->4lepton

\
Good resolution of Lepton(e.mu) (AM,~ 2GeV)

Small BG ( AlImost BG free Mh<180GeV) -> Gold-plated
But Statistic is limited, since Br(Z->ee,mumu) is small




M, distributions
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qq_bar->ZZ production is a dominant BG, threshold is 190GeV

If Higgs > 200GeV, natural width (=M, 2) is larger than the detector resolution
No significant excess was found, (~2GeV)
But Mh<150GeV small excess 20 level



[4] Combined Results

5 modes cover
the wide mass range
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[l will gain approximately proportional to Luminosity for low mass region:
The other channels are proportional to VL, since already BG dominate.



95% CL Excluded mass region
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SM Higgs whose mass is 145-466 GeV excluded (95%CL)
Range of Higgs Boson mass is limited between 115 and 145GeV

Geneva, 22 August 2011. Results from the ATLAS and CMS collaborations, presented at the biannual Lepton-Photon conference in
Mumbai, India today, show that the elusive Higgs particle, if it exists, is running out of places to hide. Proving or disproving the existence
the Higgs boson, which was postulated in the 1960s as part of a mechanism that would confer mass on fundamental particles, is among
the main goals of the LHC scientific programme. ATLAS and CMS have excluded the existence of a Higgs over most of the mass region
145 to 466 GeV with 95 percent certainty.

“These are exciting times for particle physics,” said CERN’s research director, Sergio Bertolucci. “Discoveries are almost assured within
the next twelve months. If the Higgs exists, the LHC experiments will soon find it. If it does not, its absence will point the way to new

physics.”



He looks shy.



Additional . . .
Result 4th  Generation is disfavored
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3. SUSY hunting and Dark matter




Event Topologies of SUSY Signal @ LHC

SUSY provides various interesting
event topologies !!

Gluino/squark are produced first,

_ then cascade decay is followed.
“Typical” Events topology

of SUSY signal is like this max( . J)
antis Event: susyevent . ,\: ~ (h h) Pt jet
ATLAS atlant min ( 5.3 ) \L <‘ ig je
t.b | \L ~——— ptjet
X x

* \y \L <- jet

issing) "

Higgs->bb

— O

LHC is DM-factory

Event topologies of SUSY

multi leptons
ET + High P, jets + b-jets
T-jets

X m)



No Lepton mode

ATLAS L=1fb-!  atleast4 (high PT) Jets & Large mET  This is candidate event(Highest)
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..... SM + SU(660,240,0,10)
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Meff >1000GeV (mET/Meff>0.25 mET>250GeV ) Meff = 1810 GeV
MET = 460GeV
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Data 40 events

BG 33.9+-2.9+-6.2 (Z16 W13 t4) If it is Sugra-like candidate

3 candidates in high region gluino,squark ~1.3-1.5TeV
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Limit on CMSSM
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e

Dark matter expected region

(1) Bulk region

(2) Focus Point (Large mO )
(3) small mO
coannihilation

These are rejected.

--------
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m, [GeV]

scalar mass @ GUT scale

gluino~ 1.3-1.5TeV
where muon g-2 is predicted

0 .
are in reach now.



Entries / 100 GeV

Data / SM
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One lepton Mode

Electron (PT>25GeV) or muon (PT>20GeV) is required for trigger/ BG suppression
At least 4jets(PT>60,40,40,40 GeV ) MET>200GeV MT>100GeV Meff>500GeV
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About Dark Matter

If naive GUT relation is assumed, M1(Bino) : M2(Wino) : M3(Gluino)
are predictable.

Limit on Bino mass is about 180GeV:

Universe is over-close such a heavy Bino-like DM

(1) Higgsino Dark matter case: In mSugra Higgsino mass ( 1) is calculated &
|| ~ m1/2 except for Focus point. (it is over-constrained )
W is smaller than 0.4*m1/2 -> Higgsino like LSP dark matter

LHC phenomenology (A) jets + mET + bjets (Higgsino coupling)
(B) Long cascade high jet multiplicity & less mET

(2) Heavy Colored particle. @ GUT M3(gluino) > M2(Wino)=M1(Bino)
Colored particles are too heavy to be produced @ LHC, but Bino is about 100GeV

LHC phenomenology EW gaugino direct production



About Dark Matter Il

Jet(highP.
(3) If all SUSY particles are degenerate as the : I(S;;’ r)
same as UED: 2Jet(lowPT)
jets emitted from the cascade becomes soft. q S é(qu/-_,,-fq
g(gl) A Xf(ﬁzéfet(lowp.r)
LH | . ISR jet + ' e S
C phenomenology: ISR jet + soft object q G 2w

(4) Non MSSM particle is DM (Gravitino / Axino/Axion)

LHC phenomenology:

GM SUSY: Gravitino GMSB
Gravitino is not so light (eV) if the DM is not hot.
NLSP is Long lived : Long-lived stau,

mET+jets (when NLSP is neutralino)

non pointing photon, kink in ID (when lifetime is middle)
tau+jets+mET or photon+jets+mET

on going No excess was found.



4. Extra—dimension searches based on Event—Topology

There are various models and predictions in ExtraDimension
We categorize the following event topologies.

- (1) High mass lepton pair (II) KK-graviton resonance (KK Graviton)
(2) Large mET +single jet (Monojet) Graviton emission (ADD Graviton)
(3) High Pt jet, High mass jets (KK Graviton, contact interaction )

—> both resonance or non—resonance

(4) small mET +jets (SUSY-like signal but small mET) (UED)

(5) High Pt, High mass diboson / high mass top pair
l (KK Graviton and KK gluon)

(6) High mass & High PT multi-object (mini—blackhole, String ball)

more complicated
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Summary & Perspective

(1) LHC is good status.

(2) Higgs is in 115-135GeV (145 officially)
It is good new for SUSY
130GeV this winter (5fb-1)
120GeV Next summer (10fb-1)

(3) SUSY Gluino/squark > 1.2TeV
DM of Naive CMSSM is excluded.
(Higgsino, Degenerate model, hierarchy model, non MSSM becomes
importanat)
We can check upto 1.5TeV in Next year, Finally upto 3 TeV with ECM=14TeV

(4) No excess is found in the various exotic searches
ED of ADD/RS are excluded upto a 2-3 /1.3-1.6 TeV, respectively.

(5) Data agree well with the SM predictions for the various topology. <2 o



No excess (> 20) was found for all SUSY searches,
strict limits are obtained.

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)

q=gmass ATLAS
Preliminary

MSUGRA/CMSSM : 0-l€p +J'S + E; s

MSUGRA/CMSSM : 1l +J's + E; s =G mass

MSUGRA/CMSSM : multijets + E, ;.o Gmass (for m(@) = 2m(@) f Ldt = (0.034 - 1.34) o™

Simpl. mod. (light 7°) : 0-1€p + J'S + Er e G=gmass Vs5=7Tev
Simpl. mod. (light ;) - 0-1ep + J's + Er.miss Gmass
Simpl. mod. (light ) - 0-1ep + s + E; e, Fmass
Simpl. mod. (light ;) - 0-lep + b-jets + 'S + Er.ms Gmass (for m(b) <600 GeV)
Simpl. mod. @->tF7]) - 1-lep + b-jets +J's + E; e, gmass (for m(y;) <80 GeV)
Pheno-MSSM (light ) : 2-1ep SS + E; ., G mass
% Pheno-MSSM (light 73) - 24ep OS_ + £, . Gmass
Simpl. mod. @ Q) - 1-1€p + 'S + E s %" mass (for m(@) < 600 GeV, (M) - mG)) / (m@) - mG) > 1/2)
GMSB (GGM) + Simpl. model -yy +E, __ §mass (for m(bino) > 50 GeV)

GMSB : stable ©

Stable massive particles : R-hadrons Gmass

Stable massive particles : R-hadrons b mass

Stable massive particles : R-hadrons Tmass

Hypercolour scalar gluons - 4 jets, my = my, sgluon mass (excl: Msg < 100 GeV, Mgy = 140 = 3 GeV)

RPV (4;,=0.10, 4,,,=0.05) - high-mass eu

3 v, mass

Bilinear RPV (Ct,p < 15 MM) : 1-1ep + 'S + Er miee g=gmass
. | | 11 II| | | | 111 I| | | | I I I | II 1 | |

10 1 10
Mass scale [TeV]
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Bunch Structure of beam

L — nan

470 0O,

beam size

NS ?_) <_? O ®

Npunch 1N LHC ring

n, proton n, proton “bunch”
Today Design of LHC
Nbunch 1380 (50nsec each 16m) Nbunch 2808 (25nsec each 8 m)
0=23 um o~17 um
n=1.4E11 n=1.4E11
L=3.3 *1033cm® 5! 1=1.2*10%*cm= 5!

The same as KEK B (not SUPER)
Integrated L = 100fb! / year
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Limit on the SM Higgs

CMS preliminary 2011 1.66 fb™ at\'s =7 TeV
| [ ! I ]

o
|

CL4 Observed Limit
....... CL Expected Limit

- CL Expected + 10
[ ] CLgExpected= 20

10 k= e . ....................... .................. .....

20 level excess
Mh<160GeV
Signal yield is
larger than SM
by factor 10 ———x_
-> maybe Stat.

imit on o/og,,
1
|

95% C

400 500 600
M,, [GeV/c?]

Mh=170GeV H->WW dominant, No sensitivity on H->ZZ almost exclude
Mh=180-300GeV



[4] Heavy Higgs (ZZ->1lqq, llvv)

(1) I~ M, 3becomes wide for heavy the higgs, the benefit using “lepton” becomes less.

(2) Br(Z->ee,mumu) is too small for heavy Higgs

H—>ZZ->llvv and llgg help the sensitivity for the heavy Higgs.

H->ZZ->llvv : OS lepton pair whose invariant mass is Mz, and large mET
MT is calculated as follow, (MT < Mh, but there is Jacobian broad peak near Mh)

m2, = [\/m n |PTE|2 +\/mz + |, miss|2 ]2 B [ﬁTff_l_Z—)oniss]2
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more detail classification are summarized in this figure:

LSP/NLSP
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CMS has obtained the similar results. No excess was found and

gluino ~ 1.2TeV,

CMS Preliminary
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squark ~ 1.1 TeV are obtained.

They applied tight

cut (Best limit is obtained
With tight selection.

1 event obs. 1.5 expect.)

At Large mO

gluino ~ 600GeV
gluino only
3body decay
high Jet multiplicity
s mall mET



Candidate events

Run=183391 #61816156

Meff(4j) = 1453 GeV

MET =317 GeV  phi=-0.34

Jets
pT=654 GeV eta=-0.07 phi=2.64
pT=305 GeV eta=-0.24 phi=-0.74
pT=70 GeV eta=-0.10 phi=0.71
pT=64 GeV eta=-1.44 phi=2.41
pT=51 GeV eta=-1.18 phi=-1.48

Electron
pT=42.8GeV eta=-1.4 phi=2.4

Nvtx =4 with 103,19,10,4 tracks




Dilepton
analysis

constrained on CMSSM

MSUGRA/CMSSM: tanf = 10, A = 0, u>0
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Stop is crucial for naturalness

(A) No Lepton + multijets(>=3) + mET + b-jet (at least 1 or 2 )
gluino pair production
and gluino -> top stop
( gluino - b sbottom also contributes this stopology)

(B) One Lepton + multijets(>=3)+mET+bjet(at least 1)
gluino pair production
gluino -> btop stop & lepton is emitted from top decay or chargino

(C) No lepton + 2 b jets + mET (stop pair sbottom pair )
direct productio of stop/sbotom
stop/sbotom -> b + chargino/neutralino (chargino -> LSP+soft)



Events / 100 GeV

data/MC

Results of Topology B

Exactly One lepton PT>25GeV (electron) PT>20GeV(muon)
At least 4jets(PT>50) MET>180GeV MT>100GeV Meff>600GeV

At least 1 b jet
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small excess (< 20) was found : tt+Njets
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