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LHC and ATLAS (1)

/Large Hadron Collider (LHC)

Circumference ™~ 27 km
Superconductor Magnet = 8.33T @ T=1.9K

10! protons per bunch, 40MHz

World Highest Energy (ECM=14 TeV)
\Designed Luminosity of L =10%*cm™s™ /
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Muon Detectors
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Barrel Toroid

Electromagnetic Calorimeters

Solenoid

Inner Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Forward Calorimeters
End Cap Toroid

L7

Hadronic Calorimeters

(A Toroidal LHC Apparatu$S (ATLAS)
Multipurpose Detector
Superconducting Solenoid=2T
Width 44m, Height 22m, 7000t

Physics at ATLAS
Aiming at the discovery of Higgs, SUSY,

Extra Dimension, BlackHole, ....?7??
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A
ATLAS Particle Detector

Protoh|beams

Tracking  Electromagnetic Hadronic Muon

Chamber Calorimeter Calorimeter Chamber

Hadronic Only K

Shower Momentum
(Iron, LAr) Measurement

(Muon
Spectrometer)

% Outermost Layer

Innermost Layer

Higgs Search” using this detectof.
5

—— e —

My work is “NMSSM
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What is NMSSM?

Next-to-the-Minimal Super Symmetry Standard Model

Large Fine Tuning is needed in Standard Model. (Large Radiative
Correction on SM Higgs mass, Naturalness Problem)

By introducing Super symmetry Partner (fermion&boson),

- logarithm divergence = Naturalness Problem solved

Minimal SUSY = MSSM, but with p-problem (origin of mass term in
Lagrangian, ptHuHd)

( u~ ElectroWeak Scale (Phenomenological) )

By adding a SM singlet superfield , S >NMSSM

- U=A<S>, u as function of <S> = p-problem solved

16th ICEPP Symposium



Higgs in SM, MSSM and NMSSM
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Higgs production

et

i

Associtive Production Associative Production
with W, Z with top, bottom

Gluon Fusion Vector Boson Fusion

Typical cross section (SM)
is about 3 picobarn (pb) for
Vector Boson Fusion (VBF)

For NMISSM, some corrections
are needed. 2 0=2.9pb @ 10TeV
(~SM)

700 800
Mass (GeV)

M)

Higgs Praduction Cro
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Event Topology
Forwardjets\

Decayproducts

q q"
2 high pt forward jets (O(W,Z mass)) = apply high Jet Pt cut

® No activity in the central region,

only Higgs decay products are detected.
= QCD BG suppressed — Rl L R ALY
e By focusing on 4t>hphp, we find signals ! L ; %

where taujet-u are very near to each other. o Bt JHERESREE ..
> Br(t=h) ~65% : hadronic decay of tau |
> Br(r%uvy)_"i 17% : leptonic decay of tau

s a—
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Background
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Examples of background from QCD. When the c-jets are mis-ID as Taujets,
they look like VBF topology. However, 4 2
they are reducible backgrounds.
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Introduction of my analysis
® In NMSSM model, the SM-like Higgs, h will decay
dominantly in the channel h>aa when M, <2m,

® At the same time, the CP-odd singlet, a will decay mainly
into 2taus. Br(a =2 Tt 1) = 90%.

® In this analysis, we focus on the h->aa—>4t channel,
where h is produced through vector boson fusion process.

® Since t2>evv mode is quite complicated and requires
special reconstruction algorithm, only h->aa—=>4t—>2u2h is
discussed here.

o*Br(NMSSM VBF h>2a>4t>2h2u) = 437 fb

e My analysis is based on data of 30fb™ (<1 year with
designed luminosity.)
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Samples

Signal and backgrounds are studied using full simulation data
- GEANT4 Simulation with Detector Response at ATLAS (10 TeV)

Signal Event Generator Cross section (pb) Size
NMSSM VBF Higgs PythiaMadgraph 0.437 235k
Background Event Generator Cross section (pb)
ttbar McAtNIoJimmy 205.5 1960k
bbar AlpgenJimmy 5630 377k

Singal with Higgs mass = 100 GeV, CP-odd singlet mass =5 GeV is used.
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Cut Based Event Selection

Basically, to select good events, sequential cuts are applied as to
separate the signal from the backgrounds.

> Njet=>2, all with pT > 20 GeV

> j1_eta*j2_eta<0

> dEta of 15t Jet-2" Jet

> Missing ET

3 0.014 -8~ bbar -
0.0122— - ttbar -
0.01— =
0.008F- =
o.ooei— =
0.004) 5= 10 TeV E
0.002 TLAS Work in Progress ~

0 1 2 3 4

5 6 7 8
Forward Jets dEta

Apply |dEta|>3.6
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Arbitrary

Bjet Veto
Mjj > 500GeV
Central Jet Veto

2 mu 2 tau
L I
L] -+ \VBF
0.2 -~ bbar
i —— tthar
0.15 ]
0.1 5= 10 TeV
C ATLAS Work In Progress
0.05H

L 1 L
50 100 150 200

OO

A
250

Missing ET [GeV]

Apply MET > 25 GeV
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Event Selection

fuentselection __|_vbt _|_bbar_|_ttbar _

Cross Section (pb) 0.437 9582 205.5
Start : Total Event 1.3E+04 2.8E+08 6.0E+06

Luminosity(fb-1) 30.0 30.0 30.0
Njet=>2, all with pT > 20 GeV 1.2E+04 1.5E+08 6.0E+06
j1_eta*j2_eta<0 6.0E+03 5.6E+07 2.2E+06
Jet Seperation dn>3.6 3.1E+03 7.7E+06 2.0E+05
Bjet Veto 3.1E+03 3.7E+06 6.0E+04
Mjj > 500GeV 2.2E+03 9.4E+05 4.1E+04
Central Jet Veto 920 4.2E+05 3.9E+03

2 mu 2 tau 19.7 6.2E+03 12.0

MET > 25 GeV 17.6 660 9.4

Mu-Tau_dR<0.5 pairs 17.0 660 0(9.4)
Opposite sign or Qtau=0 15.5 92 0(<9.4)
O<x_visl, x vis2<1 12.8 0(92) 0(<9.4)
| cos(dphi)|<0.95 11.5 0(<92) 0(<9.4)
80 GeV < Higgs mass < 120 GeV 11.0 0(<92) 0(<9.4)

It seems good but the statistical uncertainty is too huge.
(xsec: QCD>>Higgs)
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Factorization Method

® Due to the lack of statistics for BG, factorization method is applied
where the event selection is divided into mainly 2 categories:

Jet Kinematics
Njet=>2, jet pT > 20 GeV
j1_eta*j2_eta<0

Jet Seperation dn>3.6
Mjj > 500GeV

Central Jet Veto

Bjet Veto

Tau decay products

2 mu 2 tau cut

MET > 25 GeV
Mu-Tau_dR<0.5 pairs
Opposite sign or tau_charge=0
0<x_visl, x_vis2<1

2010/2/16

Jet Kinematics
Njet=>2, jet pT > 20 GeV
j1_eta*j2_eta<0

Jet Seperation dn>3.6
Mjj > 500GeV

Central Jet Veto

Bjet Veto

Tau decay products
2 mu 2 tau cut

MET > 25 GeV
Mu-Tau_dR<0.5 pairs

Opposite sign or tau_charge=0
0<x_visl, x_vis2<1

result

In general, need to consider correlation.

Correlated quantity

Centrality requirement




Start : Total Event 1.3E+04 2.8E+08 6.0E+06
Luminosity(fb-1) 30.0 30.0 30.0
Njet=>2, all with pT > 20 GeV 1.2E+04 1.5E+08 6.0E+06
j1_eta*j2_eta<0 6.0E+03 5.6E+07 2.2E+06
Jet Seperation dn>3.6 3.1E+03 7.7E+06 2.0E+05
Bjet Veto 3.1E+03 3.7E+06 6.0E+04
Mjj > 500GeV 2.2E+03 9.4E+05 4.1E+04
Central Jet Veto 920 4.2E+05 3.9E+03
Start : Total Event 1.3E+04 2.8E+08 6.0E+06
Luminosity(fb-1) 30.0 30.0 30.0
2 mu 2 tau 1.9E+02 1.6E+06 2.5E+03
MET > 25 GeV 1.6E+02 7.3E+04 9.0E+02
Mu-Tau_dR<0.5 pairs 1.5E+02 6.4E+04 7.7E+02
Opposite sign or Qtau=0 1.0E+02 1.4E+04 2.4E+02
O<x_ visl, x vis2<1 9.4E+01 7.7E+03 1.2E+02
| cos(dphi)|<0.95 8.6E+01 6.0E+03 9.9E+01
80 GeV < Higgs mass < 120 GeV 8.1E+01 7.3E+02 3.1E+01

2010/2/16

Factorization Method
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Background estimat

Start : Total Event
Luminosity(fb-1)
Njet=>2, all with pT > 20 GeV
j1_eta*j2_eta<0
Jet Seperation dn>3.6
Bjet Veto
Mijj > 500GeV
Central Jet Veto

2 mu 2 tau
MET > 25 GeV
Mu-Tau_dR<0.5 pairs

Opposite sign or Qtau=0
O<x_visl, x_vis2<1
| cos(dphi) |<0.95
80 GeV < Higgs mass < 120 GeV

2010/2/16
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1.3E+04
30.0
1.2E+04
6.0E+03
3.1E+03
3.1E+03
2.2E+03
920

19.7
17.6
17.0

15.5
12.8
11.5

1.3E+04
30.0
1.2E+04
6.0E+03
3.1E+03
3.1E+03
2.2E+03

2.8E+08
30.0
1.5E+08
5.6E+07
7.7E+06
3.7E+06
9.4E+05
4.2E+05

6.0E+06
30.0
6.0E+06
2.2E+06
2.0E+05
6.0E+04
4.1E+04
3.9E+03
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Discovery Potential

o Signal
Significance =

: \/BaCkground Discovery @ATLAS
Signal=11 Signal > 10
Background=1.12 Significance > 5

- 11
Hence, Significance =——=104
1.12

But the problem is, is this method reliable?

(from VBF, the actual number is 11, but from F.M,, it is about 2
times fewer 2 BG might be underestimated by a factor of 2)
= Take into account of this error gives us Sig. > 7.3 | Discovery !

Factorization method is not working well. Solutions are:

Increase the statistics

Detailed study of Factorization Method

16th ICEPP Symposium 18



Reconstruction of Higgs masses
- Collinear Method -

assumption
Tl H->rlt2->f|1v1|2v2 P|1=X1P11
"t Vi=SUm O P|2=X2P12 mt12=(P11+P‘52)2
| \ MET 7’52 =(Py1/ X1 +Pja/ X;)?
1\, ”.-" ~ 2P1 P/ (X1X)
v \/ > , (I3, =»massless)
1YV
Myy°=(Pjy+P)p)?
Assume that decay products of Tau and Tau ~ 2P\1P)3
are travelling in the same direction.
This is true when the Tau is highly boosted (Il Fmassless)

=(1-x,)/X; Py +(1-%,)/%; Py

Since MET, Pvi and Pv2 can be measured, we can calculate x1 and x2 in order to
reconstruct the mass of Higgs particle.

This can be applied to the h->aa—2>4t as well.

2010/2/16 16th ICEPP Symposium



Reconstruction of Higgs masses
- Collinear Method -

P.=P +P =x,,P

visl visl® &
I:)visz = I:)IZ T I:)h2 = XvisZPa2

MET = MET, + MET,
= (1_ Xvisl) I:)a1 i (1_ XvisZ) I:)az

= [1_ XViSl I:)visl i [l_ XViSZ jPViSZ
X X

visl visZ/

Sumofllandhl  gum of 12 and h2

2010/2/16 16th ICEPP Symposium 20
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130
Higgs Mass [GeV]

Reconstructed Higgs mass mn Distribution of M(u,T)

Collinear Method works well here By looking at the cutoff, we can

le ||m;m

as the al-a2 are far away. briefly estimate the mass of higgs a.

GeV

"WW“ W, o




Conclusion

® NMSSM is as important as MSSM and it
should be studied in detail.

® By using ATLAS detector, it is possible to
discover Higgs(100 GeV) in NMSSM.

® The resolution is about 10% and we can
estimate the mass of CP-odd Higgs.

‘ Are you sure you
will hunt me
down?

Higgs

2010/2/16 16th ICEPP Symposium 22
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Future Plan

Optimization of Statistics = earlier discovery?

Higgs mass scanning through the parameter space

— Establish mass-independent analysis algorithm
and discovery potential plot

Study of Trigger for low Pt Muon and Taujet

— Key of discovery

Study of Forward Jet

— Event Topology ldentification

And more......

16th ICEPP Symposium
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Thanks for Listening

HIGGS BOSON

I'he HIGGS BOSON is
the theoretical particle of
the Higgs mechanism,
which physicists believe
will reveal how all matter
in the universe get its
mass. Many scientists
hope that the Large
Hadron Collider in
Geneva, Switzerland will
detect the elusive Higgs
Boson when it begins
colliding particles at

99.99% the speed of light
Whool felt with
gravel fill for

maximum mass.

0000000000000 $975 PRy s

LIGHT HEAVY

HIGGS BOSON

SPARTICLLEZ O

and don’t stop searching for me!

2010/2/16 16th ICEPP Symposium
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Variables used for TaulD study

- N I I B e T T T 7 T T 17T T T T T T T 17 #ils Taujetlikeliha - rrrT TT 11T L T T 1T TT T T [T T T T[T TTIT T T T T TT 1T]
.E 10 § ! —— Iau;ii:e:i:u;_lmsa E 104 g l e :!;:; Tauja‘l.En'Ilﬂadius ! g
E E #— TaujetLikelihood_naloose E = —@— TaujetEmRadius_loose .
-.N,_ : —f— Taujetlikelihood_highpt : _ B TaujelEmRadius_naloase |
S TaujetLikelihood_lowpt o ~ —f— TaujetEmRadius_highpt 7
= 103 E- = o 103 = ®  TaujetEmRadivs lowpt o
@ = = i E =
i - ] |5 - 5
(— — Lﬁ — —
107 E 107 E
1 = 1

50 -40 -30 20 10 0 10 20 30 40 005 0 005 01 015 02 025 03 035
TaujetLikelihood TaujetEmRadius
TE L I C S S e I'I'auj:aus:llmiolnFralc,tio:-n L i TE 4 | T:;ulielIElIHEIid'(IBaIIiI:II —— I_
g il —— TaujellsclationFraction_loosa | E 107 & —— TaujetEtHadCalib_loose E
I 1 0 E — TaujetlsclationFraction_noloose H -->-. #— TaujetEtHadCalib_noloose u
g E —f— TaujetlsclationFraction_highpt |0 n —@— TaujetEtHadCalib_highpt |
D- C #  TaujptisolationFraction_lowpt [ g 1 0 #  TaujetEtHadCalib_lowpt |
z 1 3 V5= 10 TeV E
g 10° = 3 1
wooE = 0 4 NMSSM VBF Full (Truth) _
10 . §
- 2 10 -
1 _ —

[ [l . 4
3 AREL A EEo0 |
0 0.2 04 0.6 0.8 1 140 160 180 200

TaujetlsolationFraction TaujetEtHadCalib [MeV]
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Reconstructed mass of bbar

m_a1a2 | m_vis1vis2 | m_vis1vis2
- Entries 455
= g0 Entries 503 - C Mean 58.38
8 - Mean 104.7 3 L RMS 24.43
T RMS 8.417 s r
] ?0:— 721 ndf 5.253/7 € 50—
H soE- /-\ Constant 69.08+ 5.12 T T
C \ Mean 104.6 0.5 40__
50 Sigma 8.42 £ 0.39 C ATLAS Work In Progress
- C bbar 10TeV
- 30— .
o / \ C Truth Information
30:— / \ 20:_
20 / \ -
= 10—
10 // C
= N T T T T T T = Y IR RN R SIS EFRVINEN IS S = - == ST
%0 85 90 95 100 105 110 115 120 125 130 0 20 40 60 80 100 120 140 160 180 200

Higgs Mass [GeV]

Reconstructed Higgs mass mn

m_vis1vis2 [GeV]

Reconstructed mass from bbar

As we can see from the left plot, bbar BG can be reduced by applying high mn cut.

2010/2/16
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Electron:
pt>8 GeV
|eta|<2.7
author=1or 3
ElectronMediumNolso

Taujet:
pt>10GeV
|eta|<2.7
ntrk=1, 2, 3
Q=-1,0,1
TaulLikelihood>-5

€~40%
~1%

Muon:
pt>8GeV
|eta|<2.7
StacolsCombinedMuon
StacoBestMatch
StacoMatchChi2<100
StacoFitChi2<500

' i
M

l fIEe
Ml il

MissingET:
RefFinal

Jet:
Coned4H1Topolets
pt>20GeV
|eta|<4.8




Inner Tracker (|n|<2.5)

SemiconductorTracker (SCT) e D?tec.t_or _
4 \ » Hybrid silicon pixel detector
» Silicon strip detector : ===
_ == » Barrel : innermost cylindrical layer
» Barrel : 4 cylindrical layers 47kt i rical |
» End-cap : 9 disks per side a0 e Bt

» End-cap : 3 disks per side

TRT Barrel

SCT Forward _smmansii TRT Endcap

SCT Barrel

Pixel Detector Barrel

Pixel Detector Disks

Transition Radiation Tracker (TRT)

» Straw-tube tracking chamber w/ transition radiation capability.
» Straws run in axial direction in barrel and radial direction in end-caps.

2010/2/16 16th ICEPP Symposium 29
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EM Calorimeter

. Towers in Sampling 3
I AQxAT =0.0245-0.05
i
Tile barrel Tile extended barrel Trigge, Towes
2Xg dn=gq,
LAr hadronic = O N /\ !
end-cap (HEC) n ,\Q§ 16X g
Ta
LAr EM end-cap (EMEC) ATu%%?*
4.3Xq
@@& 1.7Xg
> Aesg
6 1
<~ Mg
=14
7'3“‘“1 — Square towers in
i Sampling 2
Ap=g
=0.024.
LAr EM barrel ' . 37'5'“‘“’8 =4 60 =002
A= 0.003 ]'“In

Strip towers in Sampling 1
LAr forward calorimeter (FCAL)

» Pb/Lar sampling calorimeter with accordion-shaped electrodes
» Three longitudinal segmentation
» Cell size in An XA
1st (strip) : 0.003 X 0.1, 2nd (middel) : 0.025 X 0.025, 3rd (back) : 0.05 X 0.025
» Pre-sampling in front of calorimeter in |n| < 1.8 : An X A$~0.025 X 0.1

—

———— — s — —— cpm—

2010/2/16 16th ICEPP Symposium 30

— — - —— ——— e el



mn
mu, hmoml |

b

i 10|||¢\ 1]

i

|

!

|

‘uh}.

il
(il
I

Endcap Cu+LAr, 14A, |n|=1.5-3.2,

0.2x0.2 for |n|=2.5-3.2, 4 Layers

Hadronic Calorimeter

Barrel Fe + Tile fiber, 11A, |n|<1.7, EM
0.1x0.1 (DAQ=0.3) Tower (3 Layers) ’

ffff
-
e
-

‘ o -—
- e -
s

- aa e

Forward Cu+W+W 3 Layers
LAr 0.5mm gap 10A

0.1x0.1 for |n|=1.5-2.5,
|n|=3.1-4.9 0.2x0.2
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Performance of ATLAS Detectors

ATLAS
Magnetic field 2 T solenoid + toroid
(0.5 T barrel; 1 T end-cap)
Tracker Si pixels and strips + TRT
o/pr= 5 x 104 pr+ 0.01
EM calorimeter LAr + Pb

o/ E = 10%/VE @ 0.007

Hadronic calorimeter Scint. + Fe / LAr + Cu (10 A)
o/ E = 50%/VE @ 0.03 GeV

Muon spectrometer o/pr= 2% @ 50 GeV -
10% @ 1 TeV (ID + MS)

® G. Aad et al (ATLAS Collaboration). J. Instrum. 3. s08003 (2008)
® S.Chatrchysn (CMS Collaboration), J. Instrum. 3. s08004 (2008)

C—— —— —
= —_— a—
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Electron/y Reconstruction

Leakage into Hadronic calorimeter

Calorimeter shower shapes in 2" sampling
Shower shape in nand ¢
Energy-weighted lateral width

Calorimeter shower shapes in 1t sampling
Details of energy deposition structure in cells Fake rate < 0.1%

= 12T
%) D

Shower width I j

/=

w

Track quality o _',...-.,.....~+++'++++"’+t '
Number of hits in pixel, SCT, TRT . ;
Transverse impact parameter
Track-cluster matching

An X Ad position matching at calorimeter, E/p

05F

2 \‘
".H\H.lwwm..u‘xwlwf‘.\‘ai
20 40 60 80 100 120 140 160 180 200§

E; (GeV) §

04

Red : Calorimeter-related
Blue : ID-related
Green : track-cluster

— — e

a7 I AT Al AN R, 7 N 7 /A 7
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Muon Reconstruction
Keywords: Hits, Track, Eioss, Inner, Tag

Standalone, Combined, Tagged Muon

Muon Spectrometer

trigger chambers

chambers

|

r

precision

Efficiency~90% (Pt>10GeV), fake rate~0.01%, Pt resolution~2%-4%

e
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Hadronic Tau Reconstruction

® Main decay modes of Tau Lepton
T —>lvy ~35%
T OV T et N z° ~A5% 1 prong
t” >v.r ' +Nz° ~10% 3prong
® Characteristic of Taulet

¥ 1 decay

1. One or Three Charged Tracks 3 prong decay

2. Pions are boosted = narrow signal cone

® Hadronic taus are ldentified using the facts above. There are 2 ways:

A) Track-base | gy [ g
o ‘ tau}pimﬁt’i} = F . taqumﬁkjt 1
= Wty ot + | i STV au & =
B) CaIO'ba Se giE e . t:ER%cp _; W memigg W tauRFécp f
O.GE E 10° z —P:+:$l$:t fzgi:_: -1%
05-
0.4E +, iﬁ:‘tj;i:pfit+ 10-3;— T g
Eff~40%, Fake™~1% 03 ; Sl %
: = “”+ efficiency 3 Fake rate E
for my analysis 01E ++ = |
0 10 cbil]
02030 40 50 60 70 8(%'au9P0 [(132(\)/] 102030 40 50 60 70 80 Jegg 2% |
) = = N - - - - - —
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( SM higgs :
[nvis. higgs :
Model indep. :
4b -

41

LEP limits on Higgs

@95% Confidence level

mp, > 114.4GeV |
my, > 114GeV
myp > 81GeV
my, > 110GeV

my, = 86GeV )
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