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Plan of my talk

1.LHC status and plan

2.The latest results of QCD+EW Physics
(exercise for detector-understanding)

3. SUSY hunting (Now and future)

4. Higgs perspective

5. Extra dimension (If | have time)

6. Summary and Conclusion
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PDF is steep

Luminosity is essential for Hadron collider | ~12—
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Milestones of First 2010

with 3 important parameters and Peak Luminosity.

Mar 30 First collisions at 7 TeV centre of mass. ‘ Luminosity ~ 2 102 cm? s

April 24  First stable beams at 7 TeV, 3 on Luminosity ~ 2 1028cm2 st
May Increase bunch intensity ncrease ki,. n Regular physics runs

May 24 8 colliding pairs per experiment. Luminosity ~ 3 10>°cm2 s!
June Increase bunch intensity to nominal,(squeeze to 3.5 No physics

June 25 First stable beams at 7 TeV, 3 on 3 nominal bunch. Luminosity ~ 5 102°cm2 s!
July15 13 on 13, 8 colliding pairs per experiment, 9 10'°/ bunch Luminosity ~ 1.5 103°cm2 s!
July30 25 on 25, 16 colliding pairs per experiment, 9 101°/ bunch Luminosity ~ 3 103°cm2 s!

Aug 19 48 on 48, 36 colliding pairs 1 5 and 8 (< in 2), 9 102°/ bunch Luminosity ~ 6 103°cm2 s!

Aug Stable running period to consolidate operation and MP n ~2 MJ per beam !

Aug 26 35 colliding pairs 1 5 and 8 (< in 2 Luminosity ~ 1 103'cm2 s!

N bunch increased by 10° 1/10 of first target has been achieved.

for 4 months ’



Bunch Train

I”

1 > L] ° e o ° a °
When N, increases (“Bunch train”)  1his crossing collision is “crucia

millstone for the next step:
Gr— S 3 weeks Technical stop in September

oD o e T the crossing collision has been installed.
| | | L B L L A BN L B

ATLAS Online Luminosity Vs=7Tev

® LHC Stable Peak

e LHC Stable Avg.

50

collision takes place everywhere 40
-> beam loss becomes serious. oo
To avoid multi collision 30
Bunch is collided with angle (“crossing-angle”)
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Stable Delivered Lumi [10*° cm™2 s°1]
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collisions 1 1 long-range
P | collisons 22/03 20/04 20/05 19/06 18/07 17/08 16/@9 15/10
' ~ Day if} 2010
/ o yi
- \ 22nd September (Last week)
S Successfully collided with angle!!!
= Q01irac Luminosity increase significantly

Clear millstone !!!



Yesterday (30t September)

1524152 bunch train collide successfully,
and Peak Luminosity of 5*103! cm= s!

is recorded.

>1pb/ day is delivered.

More than 4pb! data is recorded
in a week.

Time schedule of this year is as follows.
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Today number of Bunch increases step by step

384+384 bunch collide : L= 1032 will be achieved with in 2weeks (First target clear)
L=30—70 pb! will be recorded before end of October
It means that L=1fb! in the next year is almost(?) guaranteed. (Realistic)
Unfortunately Heavy lon run (Pb+Pb) is planned in Nov.




Plan of the next few years

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

M J|J AS OND|JFMAMIJ|JASOND|JFMAMI|JASONDJFMAMI|JASONDIFMAMI JASONDIFMAMI|JASONDI FMAMIJI JASOND

g Machine: Splice Consolidation & g § Machine: Collimation & prepare for

s Collimationin IR3 c s crab cavities & RF cryo system

QJ Q) D 5

£ ALICE - detector completion £ £ ATLA; nw pixel _dEte_Ct' - detect.

g g g for ultimate luminosity.

v v v

< ) ATLAS—.ConsoIIdatlon and new forward § E > ALICE - Inner vertex system upgrade
beam pipes o o

CMS - New Pixel. New HCAL
7 or 8 I eV CMS - FWD muons upgrade + 1 3 I eV 1 4 I eV Photodetectors. Completion of

Consolidation FWD muons upgrade
LHCb - consolidations LHCb - full trigger upgrade, new

vertex detector etc.

2011 7-8TeV L=1fb! (L=10%?cm™s?t) Rich discoveries are expected as | will show.
2012 Technical stop(15months) to repair bad connections between superconducting
magnets.
LHC This bad connection makes 9.19 incident in 2008.

First Phase
Discovery There is some discussion to keep physics collision

Higgs/SUSY = at 7-8TeV evenin 2012
to defeat Tevatron (see Higgs section)

2013  E=13-14TeV L=1fb*!
2014  E=14TeV L=10fb!
2015 E=14TeV L=30fb! > Move to upgrade of Injection system and Detectors



2. The latest results of QCD+EW

‘un Number: 159224, Event Number: 3533152

PT > 1 0 12 TeV Date: 2010-07-18 11:05:54 CEST

e s

% .

CATLASH

J EXPERIMENT




good exercise of Hadronic

QCD Jet is most popular process in LHC | | response of the detector

6 . .
%‘ 10 E 1 ] T T T 1 l 1 T l- T l I. T T T l 1 T T T l T T T 1 E PrOductlon CrOSS—Sectlon
S . fe anti-k; jets, R=0.4, ly |<2.8 - are measured as a function
-8_ 10 = PY JLdt=17 nb” Ns=7 TeV) E of PT:
— [ - §
810 = Lower shows the ratio
~ - = Systematic Uncertainties 3
o - . of data/NLO Pred.
©10°E —— E
E —— - NLO-pQCD (CTEQ 6.6)+ Non pert. corr. E LHC results are consistent
10° —.— E with QCD(NLO) prediction
n S — - for all eta and Pt region.
10 E
- y . Main systematic error
1§_ ATLAS Preliminary = is jet energy scale
T N TR TR T AN TR T ST A N SN SN N [ N Lo T ~7% in this summer.
> 2: 3
Q 15k =
G.) | . . .
< : —o—— . Finally we will control
I 05 E jet energy scale with 1%
© . accuracy.
O o i Y
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Invariant mass of 2jet
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Using this result, we can set limits on the new physics decaying into 2jets

S E | | | | 5 Excited quark
8 sl —e— CMS Data (836 nb™ 1 g+g->q*>q+g
< 10" = — Fit =
'8_ - ---- Excited quark . TeV Scale ED
= ol - - - String \s=7TeV 1 gg->String resonance->gg
_g 10 3 mpm,l<258IAnI<13 = 4q->String resonance->qq
B 0 - M;>220 GeV 1 qg->String resonance->qg
O 10 = R o Anti-kt R=0.7 CaloJets =~ _|
- - 95%CL Limit
1= =
107 = - :
= E m(String) > 2.1TeV
- - (CMS Prelim.)
10° ~ . =
- CMS Preliminary S~
5l 7 These are stringent than
10 = | T T T T B
500 1000 1500 2000 the Tevatron results.!!!

Dijet Mass (GeV) (m(a¥)>840GeV)
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Good exercise for lepton

W (->1v) and Z(-> Il) Boson owmo(W' ~'V) = 616mb

ONN[D(W_ —’f' Vv ) — 4.30 nb
Onnwo(Z/y * —H) = 0.96 nb

.| CMS Experiment at LHC, CERN
CMS | Run 135149, Event 125426133
il Lumi section: 1345
Sun May 09 2010, 05:24:09 CESF

\ x/ Muon p;=67.3, 50.6 GeV/c Y &Y ' \\
Y Inv. mass =93.2 GeV/c? %

4
/ Y
/ 4 ,
W->ev PT_W ~small _
Z(>up)+ 2jets
Typical performance e/mu give clear trigger
e(electron)~80% Fake Prob. ~ 103- 10 for e and mu
e(muon)~90% (Jet is misidentified as lepton)

13



W(->1v) MT distributions

CMS preliminary 2010 \'s=7TeV CMS 2010 \'s =7 TeV

NU ZOOO [ LI I LI I LI I LI I LI I LI I LI I LI _I ] OOO I I 1 I 1 I I I 1 1 I I I I 1 I 1 T I I 1 I 1
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O 1600k ] 800  -e data
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14
M, =~2P} E,(1-cosg)
Well-isolated Lepton (PT>20GeV) & mET is required. Jacobian peak is clearly
observed on MT (QCD : fake lepton contributes to small MT region) 14




OXBr

The measured oxBr are listed here (L=0.2pb?)

CMS preliminary ICHEP2010 \Vs=7TeV
l l I I 1 l l I 1 1 l I I 1 1 I l 1 1 I Ll l 1 I 1
1 NNLO, MSTWO08 68% CL prediction error 4% PDF
Ldt=198 nb’ 10.44 £ 0.52 nb
W- v R

9.14+0.33,,+058,,+1.00,,.nb

W - ev — i
0.34+0.36 ,,,+ 0.70 , , +1.03 ., nb

W — v (combined) —H@H—
0.22+0.24  +047__+1.01,.nb

1 1 1 I 1 1 1 [ 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1

|
0 2 4 6 8 10 12
o( pp = W+X = Iv+X) [nb]

Statistical error is 3% even with this lower luminosity (Now we have 40 times)
Luminosity has large systematic error now (11%) -> finally reduce to 3-4%
|dentification efficiency / fake prob. (now we use MC prediction) have also
3-5% systematic error. -> Now we effort to reduce these systematic errors.

We will show the differential cross-section (PT,eta,Njet...) with the date of O(10pb)
15



o x BR [pb]

Events / (0.06 Iogm(mT))

10%¢

10°F

10}

10*
10°
102

10

107
10
10°
10

ATLAS Preliminary

W' —ev
\s=7TeV
317 nb™

® Data 2010
[ Jw'(200)

[ Jw(s00)

L wiz

.ttbar
| lacp

Using MT distributions,
we can search for W’ (=1v)

I_LLI_I,IJ IIIII,IJ IIII|,|,|]| IIII|_|||| lllllll ||||i |||||]‘ |||||]|I |||||||I 11

- We assume W’ has the same
é_ coupling to SM particles.
e
= Mass [GeV] T'(GeV) B oB|[pb]
E | 150 383 01084 1296
102 10° 200 534 01054 495
m. [GeV] 300 918 00924 109
| 400 1298 00874 368
Woev —e—95% CL limit 500 1668 0.0852 155
S, \s=7TeV,317n5' -©-SSM(LO) 600 2034 0.0840 7.6
o Expected limit
o, C+ 1o
[ ]+2c
. ATLAS
- Preliminary

.
.
~

0.0

0.4

M(W’)>465GeV 95%CL

(Tevatron M(W’)>1TeV
Next year will take over )
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Top quark

o(7TeVNLO)=157pb
o(7TeV W -> Inu) = 30nb

W+jets(including b)
is the serious background.

This candidate is leptonic
decay events:
tt->bWbW

S AT A C (W->enu) (W->munu)
&% AILAS Clear 2 b jets

1A EXPERIMENT

Run Number: 160958, Event Number: 9038972

Date: 2010-08-08 11:01:12 BST We have 0(10) Candidate
events with data of
L=0.8pb!

Top quark is heavy (~¥173GeV)
cross-section is suppressed
comparing to 14TeV
(0(14TeV NLO)=830 pb

factor 5 suppressed) 7




Events / 10 GeV

L I L L L I T T 17T

90[ ptjets

E ® Data 285 nn”!
801 1 B

_ Wrjgts
70 B z+jets

i 52 B single top
60 B oco

N “2 QCD uncent
0 ATLAS Preliminary

j Ldt=295nb"

=
S

c v b b b b b b b b

100 150 200
Transverse mass [GeV]

Events

10?

10

| CMS Preliminary

_0.84 pb™at\s =7 TeV

“e/utjets, N >1
b-tags

T

IIIIII

T IIIIIIII

—e— Data
B

[ w-siv (+ light jets)
[ vee)+x

[ ] vbbex

Bl z/y* 1T (+ light jets)
[ ] acDiy+jets

QCD uncertainty

t

| - llllllI

1 llllllll

]

3 >4
Jet multiplicity
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3. SUSY hunting (Now and Future)

§ Yo
| between LHC and cosmology

‘ has been given on Monday
| just focus on this site B '

by Prof. Roszowski
Research strategy 7

oy % : : :
}iy — Stimulating presentation

W
.- o
-

il
N

Latest results
Potential of LHC e~




Event Topologies of SUSY Signal @ LHC

SUSY provides various interesting
event topologies !!

“Typical” Events topology

Gluino/squark are produced first,
then cascade decay is followed.

of SUSY signal is like this max( §.3) | |
ATLAS Atlantis Event susyevent min (.3 ) \L <=—(high) Pt jet
t.b — Ptjet
’)\(/ﬁ ? \y \L <—jet
X (missing) \Iepton
Higgs->bb

LHC is DM-factory
Sorry ! Axion-DM believer

Event topologies of SUSY

multi leptons
E.. + High P, jets + b-jets
T-jets

— Differ from Tevatron and LEP




more detail classification are summarized in this figure:

LSP/NLSP

SUSY

Colored

-

Njet>=3

~ ~ ~ o~

88,89
/

~

.
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Without
mE;

LSP unsable
Exotlc partlcle

NSLP metastable or

8 LSP/LL

>

Standard mE;

EW sectors .
signal

Nothing (or soft jet) ]“no epton mode”

One lepton ] “one lepton mode”

Dilepton(0S,SS), 3L ]

“multilepton mode”

tau (di-tau) ] “tau mode”

)
~N
/[ photon ] “photonic mode”

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

Multijet+leptons
+mET (high PT)

Heavy charged track ] Exotic Signa|

| (stau,R-hadron)

Kink/Disappearing track(chargino, stau) ]

7

Neutral (R-hadron) -> mET ]




We perform the “Topology-base” studies at LHC
Promising event topologies with mE+ are listed:

Jet multi
(:ig:ulit; Additional obj. | Favored Model Dominant SM background processes
QCD(light & bb/cc)
SUGRA,AMSB - —
No lepton ’ ’ tt(—=bbgqtv) *
Large mO :
Z(->nunu) and W(->taunu) + jets
SUGRA,AMSB, tt(— bbqq!v)
One lepton Large mO W(->Inu)+jets *
I'\*Aigl?_ icivv | DileotonaL | SUGRAAMSB, os: tt(—=bbiviv)
N.li 'Z ':' y-| Rrepten. GMSB (Nm>1) | SS3L 2ZW,zZ tf(— bb (vIV)
J>=9,
Large tanB, GMSB | W (->taunu)
Tau - —
(Nm>1) tt(— bbgqtv)
b SUGRA, etc t1(— bbqqtv) > |
v GMSB (Nm~1) Almost BG Free
% — G tt(— bbevev) FSR
Low No lepton squark p.roduction Z(->nunu)
Multiplicity KK Graviton W(->taunu)
Nj~1,2 One lepton squark production | W.Z  tt(— bb (viv)
One Lepton wW’ W
No jet
= Dilepton,3L _ ~ WW,WZ,Z2Z
NJ —_ O ) ) )
Direct - X WZ main for 3L

*

Promising
Discovery

channels,
Today

| show
three results

22



mE; is key for SUSY hunting, but mE; is not so easy variable

but real life is difficult

: = : o~
Basically mE+= - ZE (Calorimeter) —2P-(muon)
T T T
> 10 L R L AL R R AL A B
[0} ATLAS Selections:
9 10° Preliminary ™ paQ + collisions
- [ + No single cell
2 10° Data 2010 jets in HEC
..'é. L, =0.3nb" —$— + No bad quality
L 1 04 \s=7TeV jets in EM-Calo
-------- Min.bias MC

nl < 4.5

III|_|_|,| IIIIIII,IJ IIIIIIL|,| IIIIIIII| IIIIILI,IJ IIIII|,|_|,| 1|11

10° ¢
107 non-physics tail
105
1L &
E, T K
0 20 40 60 80 100
ET™® [GeV]

(1) Noise of Calorimeters are crucial.

Remove noise clusters using cluster shape

and pulse shape.
(2) Cosmic ray: Bremsstrahlung from cosmic muon
(3) Beam halo

These non-physics tails are removed at first.

> . T L I R B B
o 10 CMS Preliminary 2010
O \/s=7 TeV g
S —— Data
-02103 .Simulation
4
u"102
&
E L=11.7nb-1
()
E
5 10 .
=

1 =

| | | l ]

100 120 140
PI E, [GeV]
mE; distribution for Data and MC

Good agreement for the wide
dynamic range.

0 20 40 60 80
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Benchmark Point for very early stage of SUSY analysis

CDF Run M enmminary L=2.0 fb™
300 | | LA % I ! | I I I ! I I I I I | I I I ! I I I I
: minim(z)/ ()] <m(z)|  Theoret ica, \incerta inties — observed I|m|1 95% C.L. :/
included in fi ) calculation of the limit amm expected |im|t _
250/ ‘ — —

tanB=5, 11<0

100|— \ R —
50—

0 200 00 ) 400 500 600
M, (GeV/c?)

M., (GeVic?)
2
|
I

This point is called
as “SU4” in my talk.

m,=200GeV m1/2=160GeV
Just Above of CDF limit
gluino ~ 410GeV
squark~410GeV
slepton™~210GeV
chl~113GeV
nul(LSP) ~ 61GeV
o =60 pb (7TeV)

DM —inspired region (0.09 < Qx h? < 0.13)
This SU4 is not just toy point. It is also possible point

for DM business.
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Entries / 10 GeV

[1] One lepton + multijets +mE; topology

* Pt lepton > 20 GeV In Future
* 2 or more jet with Pt>30 GeV [etal<25 — 100GeV (Leading) 50GeV
e MT >100 GeV

* mEt > 30 GeV —  100GeV
Electron mode Muon mode
="' Electron Channel s Data2010'\'s = 7 TeV): S FE " " MuonChannel ' Data2010'\s -7 TeV):
102 B p EI\OAngBte Carlo 7] (cD> 102 B p Elggrlgte Carlo -
E jL dt ~ 70 nb -ijets E : E IL dt~70nb .ijets g
1oL m;>100Gev  EREHCS b 8 oL m;> 100 Gev  EREHCLS ]
F --- SU4 (x10) E £ = --- SU4 (x10) =
’ B ATLAS Preliminary = 1‘ ATLAS Preliminary
E 3
N = 107 Eopign
10%g 10°
1 0—3 i 1 0—3 ' ] ]
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

_ TS [GeV] ET® [GeV]
No excess was observed in July.

At that time Luminosity is too small to search for SUA4.
We have data with L=3pb at end of August. Let’s Image the scale is multiplied by

factor 40. We have already have sensitivity for SU4.
25



AT LAS Event with high-p_
Jets and a Muon
2 EXPERIMENT in 7 TeV Collisions

Run: 155569 Event: 5091167
Date: 2010-05-22 04:34:53 CEST

u* Pt=25GeV eta=2.33

*mEt = 118GeV My interpretation
*Meff (all 3 jets + ¢ + mET) =1156 GeV is W+multijets

‘BUT MT=33GeV




Entries / 10 GeV

multijets +mET topology (No lepton mode)

* P;_leading jet > 70GeV

* At least 3 jet with Pt>30 GeV |etal<2.5

* mE; > 40 GeV
e A @ (jet, mET) > 0.2
emET/(2 PT+mET) > 0.25

1O T T T T T T R B0 s < 7 o)
~ Monte Carl
10° J.L dt~70nb" Qcoer)e arlo
4 - W+jetS
10 B Z+jets
10 Lo D
102 Three Jet Channel
10 ATLAS Preliminary
1B il R L,
10
102

o o Jdo e

e 3 I R P
10°0 20 40 60 80 100 120 140 160 180 200

ET® [GeV]

Entries / 50 GeV

— 100GeV (In Future)

— 50 GeV
—  100GeV
3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10 j ! "o " Data 2010 s =7 TeV) |
~ Monte Carlo
, L dt ~70 nb’ -
10°E 3 W-ets 5
E B Z+jets E
10 o =
= e SU4 (x10) =
- Three Jet Channel 3
e o ATLAS Preliminary E
T -
102 E a
10_3 A .. | - T A - R ]
0 1000 1500 2000
eff [GeV]

tt and W+jets, in which W decays into tau, are dominant BG after A¢ is required.

No excess (No event) was observed. This channel is most important when statics of data

is limited.
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multijets +b-jets + mET topology (b-jet mode)

b b * P;_leading jet > 70GeV
i * At least 3 jet with Pt>30 GeV |etal<2.5
9 ST S X * At least one good b—jet in the jets
) >
g b e mEt > 2y ZET
9% .
zp i_- )'21— 5* ~0 .A ¢(Jet, mET) > 02
gm> Ao - = - _ .- ?ﬂv X1
g
¢ h I~ 7

B hine fract includine b K 105‘; L L B L B L B e B e B RN BB BN
ranching traction including b-quar > - ATLAS Preliminary 0-lepton channel ]
is expected to be higher. G 104 § 3-jet selection .
; Ly = L dt =305 nb @ Data201045=7TeV)
Also BG can be suppressed using k . o, -
b_tag E 10 g_ (] QCD production _g
’ qC) - [ W production ]
. . . LI>.| 102 = Bl Z production =
All distributions are 2 ] o producton E
consistent with SM prediction, 10 = E
and no excess was observed. 1E- .
1 107 ~
Now we have data of L>3pb™, - _ -
(10 times higher than this plot) 1075 YT T

, 28
ET'ss/\[SE, [GeV ']



Candidate event of multijet+b+mET

160736

CATLAS

1A EXPERIMENT 216

MET_Topo (109.0, -0.0888, 452.0)

Run Number: 160736, Event Number: 2410050

pate: 2010-08-04 508150 CEST 1st (131.4, 1.086, 2.909, 217.5, 0, 2.998),
2nd (105.5, 1.316, 2.153, 211.3, 0,
2.241),

3rd (56.4, -0.126, -0.538, 57.4, 15.1,
0.450),

4th (50.6, 0.096, -3.071, 51.1, 0, 0.6, --)
5th (49.1, 0.699, -0.157, 61.8, 0, --),
6th (43.2, -0.648, -0.882, 53.1, 3.73, --)
0.450

0.255

453

5.13

mET is pointed
- to 6t PT jet (tagged

"— leading jet as b-jet muon segment
is found in this jet)
My interpretation is
bb+Njets, b->uvX




Prospect at end of 2011 and after

Asoo TT [ T T T T [T T T T[T T T T[T T i -1 1500
S B COF ;) 26" tamps5, p<0 | — S
0 CMS prellmlna_rlyir 1 D0 gq 21fb" tang=3, <0 > 14TeV. L =301fb
0 450 3-7 TeV _x"‘-x,_\ LEPg ‘Li " 8 B ——— O'I t d
~ _ Hadronic search, 95% C.L. curves ™. [ Zj = B epton mode
5400 FELSB tanpet0, A0 00—~ L LEP2 T S P —— 1-lepton mode
g(T000Ge7 = ¢ T
= Y/ 6. —— 2-lepton mode
350 L=t000ps'  “, - 1000 m — P
/ E ------------------------------------ 4 // //,/é////ff/ e N _ . -
300 = - SaughksleV 77X ’

250
200

500

4 /
___________________________________ s /ff// ////
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Bulk region of DM will be covered in the next year. m(nul)~150GeV
And almost upto 2TeV gluino/squrak in 2015 (14TeV L=30fb™?) m(nu1)~400GeV
If not discovery  (A) SUSY is too heavy (M(suqark, gluino) >2~3TeV)
(B) SUSY is degenerated. If AM(=colored-LSP) < 300GeV
sensitivity becomes worse and need luminosity.
Dedicated analysis helps degenerated case. 0

(C) SUSY is untruth.



Motlvatlon -> Next Talk (Hamaguchi- san)

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

SUSY Long-lived sighatures

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

R ]// Heavy charged track ]

Without LSP unsable  (stau,chargino,R-hadron)

mE r Kink/Disappearing track(stau,chargino) ]
T Exotic particle \

7

NSLP metastable or g LSP kNeutraI (R-hadron) -> mET ] 31

Strategy of searching for Long-lived particles

ct >> detector size

(1) Heavy charged particles (GMSB stau, R-hadron) B<1

(1A) dE/dx energy loss in the semiconductor ,

(1B) TOF information in muon system (B< 1)

heavy slow

(2) Decay in flight (AMSB wino, GMSB stau ) particles

Kink/Disappearing track in the continuous ct ~ detector size

tracking system (ATLAS) /
(3) stau and R-hadron( both neutral and charged) >

kink or

stop in the dense material (Hadron calorimeter)

dedicated trigger is necessary to catch decay. disappearing

track



dE/dx estimator (MeV/cm)

—

(1A) dE/dx in Si tracker

CMS Prellmmary 2010 \E 7 TeV

Op D -,!,v T
- A -  — Flt to reference Data 5
C " 10
95_ - I\ " . Extrapolation j;
8;_ I ¥ ‘ 3 gE-Kﬁoc _; 4
EHER  mewam 330
6? E 10°
5 -
4F 10°
3
2F: 10
T
0:11 | | 1
0 115 2 253 354455
P (GeV/c)

lonization energy loss dE/dX ~1/B2
We can use this information to search
for heavy stable particles.

arpitrrary units

High PT (>50GeV)
mET > 45 GeV
Large dE/dX

CMS Preliminary 2010 \S=7TeV 198 nb

CMS Preliminary 2010 \S=7TeV 198 nb

T I T T T I T T T | T T T I T T T Q T | T T T I T T T
Tracker - Only = b
" 7200 S 1
A MC = 310 ;'
v Data i & bo s
g
]

[ 1 0%

Ll

; s

I T T T I T T
Tracker - Only

" 200
AMC

102 ‘\bpwp%ma’m

1 1 1 l 1 1 1 I 1 1 1 : C 1 1 1 l 1 1 1 I 1
200 400 600 800 1000 0 02 04
P; (GeVlc)

p: distribution

06 08 1

dE/dx discriminator

dE/dx discriminator

and
M(gluino) > 284GeV (95%CL)

No event was observed in L=198nb-1
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(2) Continuous Tracking System in ATLAS

Real Data

TRT (Transition Radiation Tracker)

- .
" ) 7 =3 P g \ 1. 48 I >
2\ AW f Sy o - - ESNNSE o) ¥
N - HY ® 4L Y1
[ \ S & Sands 4 XA 1
N\ TS Lot - = £ \ :
= il 3 \ S BB T R -~
4 s ¢ ke B - b A
" : 2 \ AN (4
' : ; = 7N ‘
=
e £ . ) N
1 - . ) \

Drift Tube chambers are installed
at R=0.5—1m from beam pipe Track can be reconstructed continuously.

See S.Asai, T.Moroi,Yanagida...

PLB 672(P.339), 664(P.185) 653(P81)
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(3) Stop in Calorimeter

(1) charged heavy particles (stau, R* ....) loss kinetic energy dE/dx ~ 1/B?

Emitted particles with small B stop in dense material (Hcal)

-> about 5% will stop (stau case -> See PRL 103:141803(2009) Asai,Hamaguchi,)
(2) Neutral Hadron (R-hadon) case -> strong interaction there is large systematic error

Q.
F800 o | - 1 - B
G, CMS Preliminary “© 0.3 e CMS Preliminary — —e— Full Cloud model -
_'>-_‘ 600 VS=7TeV ; --e-- EM interactions only '
[ B - ; o
E 400 . 0.25 [ : e e Neutral R-Baryon model {7
. !
2 i Py ® —e
® 200 0.2 k- R e — e —— 2.
5 : |
— 0 - i : : .
n [ : : : -
015 .:. ..................................... ..................................... ...................................... ._-
-200 f I s : -
_400 [ ] 01 S - SN ......................................... -]
i i [ e--ee-... . S PR ¢ ]
'600 0.05 \.—_: ..................................... ..................................... ~ ..................................... j_j
BOO L S T, S, S -
-800 -600 -400 200 O 200 400 600 800 o L2 ® ¢ ? i
Stopped Point X [cm] 200 300 400 5002
m [GeV/cT]

Stop particle decay with =107 — 10%° sec, single cluster will be observed in Hcal.

Dedicated trigger has been introduced in CMS (empty bunch is used: good for high rate case)

In PRL, beam dump is proposed (good for low rate case). 9
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4. Higgs in Future

Cold war between LHC and Tevatron is on-going

Tevatron Run II Preliminary, <L>= 5.9 fb™
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Next year it becomes hot war.

The same plots (but just simulated) for ATLAS and CSM with 1fb at 7TeV
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ATLAS Preliminary (Simulation)
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CMS Preliminary: projection for 7 TeV, 1 fb" Mar 17 2010

Hyy + HWW + HZZ

— 95% CL exclusion: mean

95% CL exclusion: 68% band
95% CL exclusion: 95% band

--- 95% CL exclusion: mean (no sys)

Higgs mass, m _ [GeV/c 3]

ATLAS has sensitivity >135GeV and CMS > 145GeV Region
In the SUSY models, Higgs < 130GeV is promising.



More harder work is necessary for us

Just roughly estimation

(1) Add VBF H->tautau, WH->bb(boosted) gain  ~5GeV

(2) Combine ATLAS with CMS gain ~5GeV
(if CMS has the same sensitivity)

(3) LHC is operated at 8TeV gain  ~5GeV

We have a potential to examine H > ~120 GeV
(8TeV L=1fb! A+C)

Do not forget to check “Higgs news” even in the next year.

With L=10fb! at 14TeV(2014)
Both ATLAS and CMS have the 50 discovery potential
for all mass range of the SM Higgs
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Y. Extradimension search based on Event—Topology

There are various models and predictions about ED
We categorize the following event topologies.

- (1) High mass lepton pair (Il and | V) (KK Graviton Z” W’ )
(2) Large mET +single jet (Monojet) (ADD Graviton)
(3) High Pt jet, High mass jets (KK Graviton, contact interaction )

—> both resonance or non—-resonance (See QCD section for resoance)
(4) small mET +ets (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



Entries/ 0.1 TeV

Data/MC

High P; & High mass multi-object

Hawking Radiation of mini-BH or Multibody decay of String Ball.

No,>=3 (Jet Pr>40GeV, e,mu,gamma P;>20GeV)
5 P;> 700GeV
> N B
M. > 800GeV 3 e
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Summary and Conclusion

1. LHC is in good operation and will achieve “the first target” soon
(L=103%2cm~s)
2. We expect the data of 30-70pb in this year and
1 fbt in the next year.
3. Detectors work well and have good performance.
4. Our studies are based on the Event-topologies. Exotic topologies
are also covered for SUSY.
5. SUSY searches with the mE; (also dijet resonance search)
exceeds already to Tevatron/LEP.
LHC starts to explore the unknown TeV-world.
6. DM-inspired SUSY will be covered in 2011(bulk) or
at least before 2014. -> Not specific models.
7. Higgs also at least before 2014. Keep watch even in the next year.
8. Now no excess is observed except for “Ridge” observed at CMS
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9.19 Accident (2008)

1. There are “Bad connections”
in the Cupper bar between Magnet-units.
(I will mention detail later)

2. When the superconducting magnet is quenched,
current passes though this cupper bar.
But temperature goes up quickly due to the bad
connection, then L.He boils up.

3. Totally 53 Magnets have been destroyed.




Problem (bad connection of splicing )

When superconducting is quenched, current (~10000A) is dumped
using the copper bus bar. But there is bad connection (~50u Q)
in splicing between Magnet units. This is the reason of 9.19 accident.

copper bus bar 280 mm2 copper bus bar 280 mm2

- superconducting cable
interconnection

Current is limited for safety and beam energy is

limited upto 3.5-4.5 TeV.

We need > several months to reconnect all (bad connected) bars.
(Long shutdown for about 15 months in 2012)
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o * Br for Z boson

CMS preliminary ICHEP2010 Ns=7TeV
I I | I I I I I I I 1 1 1 I 1 1 1 1 I
; NNLO, MSTWO08 68% CL prediction, 60-120 GeV
Ldt=198 nb 0.97 £ 0.04 nb

Z/y" — up o
0.88 +0.10 ,,, + 0.04 _ , +0.10,,. nb

Z/y* — ee e
0.88+0.12,,, +0.08, , +0.10,,., nb

Z/y* = 1l (combined e
0.88+0.08,,+0.04_ _+0.10, .nb

e —————————————————————————————————————————————————————————————————————
0 0.5 1 1.5

o(pp = Zy"+X = lI+X) [nb]
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3-2 Background estimation with Real data

Summary of background estimation with Real data (“No-lepton mode”)

\4

10?
# of
Events
10

llllll

"

Estimated BG processe Control samples status
/—V V + Njets /—ee, U U + Njets OK but stat. limited
Next
Z/W+ Njets / —ee, U U + Njets OK but using MC shape —
W+Njets (no lepton) W->Inu(MT<100GeV) OK: reweight for W—>taunu
tt+Njets (no lepton) tt+Njets (MT<100GeV) | OK: separate W from CS
Missing ET (Alpgen v2.05)| ATLAS Preliminary ATLAS Preliminary
jmissing Et SusyCut 0 lepton |
A R:Z— -
| . > VvV 3L
| +:F | B: Estimated L=1fb™ ao,? Bl: tt noflepton BG
' L—T . wl Re: estimated
H
normalized to 1R ”
1 fb-1 : 10“5-
N | + L, T T e e e P PR TP Y mET(GeV)

-1 111]11 1[
107" "400 200

llllALll lllll 1 L 11 AL
300 400 500 600 700 800 900 100

Missing E; [GeV]

Z(nn)+njets : 157+/-13
Estimated :142+/-39
(MET>300GeV)

1.0 100 200 300 400 500 €00 700 800 800 1000

GeV

tt(nolepton)127 +/- 11
Estimated 132 +/- 21
(MET>300GeV) 45



The background distributions are very stable against input parameters, also stable for
various generators(ALPGEN/MC@LO/Sherpa), just normalization is different.

gﬁee) !Z—>ee) Missing EI§Z—>W)
go“. T T — —
N A R R R R N 3 - S-SR TS SO S S ST
S N A N it
wor gt 1+ i [—Original s
°1o= | ST R §ee -
i S SR ; no?
E Egni b | —Scale0s
E P P L R . T A
1 I R L ol P 1
0 100 200 300 400 500 600 700 800 S00 1000

PT(ee) [GeV]

_Or|g|nal
— Scale(h

B O OV OO OV OO OV
0 100 200 300 400 500 Gﬂ“‘?&?%‘??&#

Shape of the distributions are insensitive
to the input parameters of the Generator
(Alpgen+limmy).

Renormalization scale, factorization scale,
minimum p; at partons level, minimum distance dR;
between partons, jet
definition of MLM matching (minimum E;, cone size R),
and PDF

The normalization of the distributions is affected by these uncertainties.

__________________________ .
# |
Zi> i Standarli 71l Pseud I
MC sample Normalization e seudo-
P iy data : We use the shape of the MC
l l l distributions,
Z->vv 7 —> vv Pseudo- but determine the normalization
Sta“daml' mc The e data factor from the real data by
sampie . . . .
e normalization comparing p;(ll) distributions of
W —> lv Standard factor W => Iv Z->
MC sample > Pseudo-data

They have the same diagram -> this normalization factor is common to W/Z
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Z—>VV ATLAS Preliminary

| Effective Mass | Missing E. | Leading JetP, | # of Events (MET >
2.0 90’ 300 GeV)
a f Pseudo- & f
, data wk 147 +/- 12 (pseudo-
: MC Est. data) 118 +/-20
10 3 (estimation)
3 :

- ‘ 1
10" | | | | | 1L N N [ | Ly

0306 006 500 2000 2500 3000 3500 a0 10'g o5 Goi 05 oo 00800 700 ;o0 o0 tho0  10'0"405505 5ok 0506 606 708303508 hoo
eff [GeV] Missing ET [GeV] PT [GeV]
W — |v
| Effective Mass __ Missing E. [ LeadingJetP, |
40 40
§ 5 # of Events (MET >
10°F 10° 300 GeV)
134 +/- 11 (pseudo-
10 10
: 5 data) 126 +/-21
i M i : :
_ ' (estimation)
10*‘0'”.r;olé"130'0"1%;'0"2$o'i§;o'5656'55®':s'ooo 10-1-“-- TTIETET FvRTRTRTIIUvTa L A L F AL PP T 10° I TR ALY | HJ‘IV
Meff [GeV] 0 100 200 300 400 500 €00 700 800 900 1000 0 100 200 300 400 500 600 700 800 9S00 1000
Missing ET [GeV] PT [GeV]
statistical errors & errors of normalization factor considered normalized to

1fb?
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One-lepton mode / OS-dilepton mode
Top -pair is dominant background process for these modes:
We have good control sample of top-pair itself (one lepton& MT<100GeV)

Missing ET

ATLAS Preliminary

BG(MT>100GeV) ~ Missing ET
can be estimated o b
with CS(MT<100GeV) + ¢+
If no SUSY <5% | : 1
—— ) T
IF SUSY exists (1TeV) o A LTH TTT
accuracy is about 50% 1 0w o w0 w0 T B0 00 S0 e e
SUSY signal contributes to CS Without SUSY signal With 1TeV SUSY signal
[ Missing EY | - ATLAS Preliminary
Dilepton BG §WE Epre“mmg"’ ‘
can be estimated o, }
with the same CS ;
If no SUSY <10% “E
%,
IF SUSY exists (1TeV) I THy
Estimation becomes ; i
Overestimated ol S e o Tt Bt
about 100% R Missing Et (GeV) Pt of lepton (GeV)
No SUSY signal
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coannihilation
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Coupling of induced radiation to longitudinal flow
Armesto et al., PRL 93, 242301

Recombination of shower + thermal partons
Hwa, arXivnucl-th/0609017v1
Anisotropic plasma
Romatschke, PRC 75, 014901
Turbulent color fields
Shuryak, arXiv:0706.3531v1
Bremsstrahlung + transverse flow + jet-quenching
Majumder, Muller, Bass, arXiv-hep-ph/0611135v2

Splashback from away-side shock

Pantuev, arXiv:0710.1882v1

Momentum kick imparted on medium partons
Wong, arXiv:0707.2385v2

Glasma Flux Tubes
Dumitru, Gelis, McLerran, Venugopalan, arXiv:0804.3858; Gavin, McLerran, Moscelli, arXiv-0806.4718

Currently most compelling explanation is
geometrical fluctuations, not dynamical ones
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(a) CMSV's = 0.9TeV (b) CMSVs = 2.36TeV (c) CMS\/s = 7TeV
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pr-inclusive two-particle angular correlations in Minimum Bias collisions
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(b) MinBias, 1.OGeVlc<pT<3.OGeVIc

(d) N>110, 1.OGeVIc<pT<3.0GeVIc
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New “ridge-like” structure extending to large An at Ap~ 0
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“Away-side” (A¢ ~ =) jet correlations:
Correlation of particles between back-

i \IMS 7TeV pp min bias

.. Bose-Einstein correlations:
’ (A ,An) ~ (0,0)

.....
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Momentum conservation:

Short-range correlations (An < 2):

Resonances, string fragmentation,
“clusters”
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“Near-side” (A¢ ~ 0) jet peak:
Correlation of particles
within a single jet
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Increasing multiplicity
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Project |An| > 2
onto A¢
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