b' Searches in CMS

Yuan Chao
National Taiwan University

Beyond the 3 SM generation

at the LHC era Workshop
2008/09/04



A7
g outiines
2.

® |ntroduction

* Physics motivation
> Hints from past studies
o Current works from Tevatron

* Monte Carlo study
> Signal
> Backgrounds
* Summary and plans

® Future prospect




* Compact Muon Solenoid
> A general purposed detector
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* Compact Muon Solenoid
> A general purposed detector
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{62 Intro on 4" Generation Quarks

* The 4" generation: bottom-like b’ and top-like t'
® Currently focus on b’ decays:

Light b’ scenario Q

® Larger x-section

T heeanes——— Heavy b’ scenario
o bW, {OWO Jb i ==l e Smaller x-section
dominate: ] " 7| |® Wide mass
> Sizable | V.| \\\\ coverage
() e b/ {1V dominate

o sUppressed “ Vcb” “
b — Wt Wl
FCNC: vZ,bH

\ - g

LHC has niche for both

x-section and mass coverage! G



{1 Physics Motivation

* Why still searching for b'":

® Hints from past works in B factories
> The AAcp on B—Km/Km° DCPV :
o Highlight of ICHEP2004 BLE
> Possible contribution from the Z-penguin
2 Recent publication in Nature
» The AS<0 in b—sqq TCPV
2 Highlights sine first S(pKs)

o Tendencies show up in different b—sqq
modes

9 Could be explained by introducing b'
* New results still coming from Tevatron

> Different work groups continues studying in
related topics

> Not a closed file
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sff;: Search for New Particles to Z°+jets

R

® CDF Run Il data, 1.06/fb

> b'b' pair production

> One Z leptonic decays

> Check for the E. of 3" jet
® Assuming Br(b'—bZ): 100%
®* b' mass > 268 GeV @ 95% C.L. 0706 364

Search for New Particles Decaying to Zo+jc1s

Search for New Particles Decaying to Zo+jcis
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http://arxiv.org/abs/0706.3264
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Search for Heavy Top t'—=Wq Events

* CDF Run Il data, 2.8/tb
> Decay channel: t't'—W(l'v)+4-jets
> Veto: cosmic ray, Z—l

o Template method for M. recon. based on best y-fit:

> Observables: t' mass (M___ ) & total trans. energy (T,)
> t' mass > 311 GeV at 95% CL (previous 256 GeV with 760/pb)
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{0 Study Overview

* b'mass assumption:
> Light b’ scenario

=l

b

b'b'— bZe W, b2t W), b2bZ, cWeW * FCNC
> Heavy b' scenario H (Zc'pe"g”'")
b'b'— tWEW, tWe W
* Leading order x-section (Pythia LO) - cC
Light b’ Heavy b’
M(b') GeV 200 225 250 300 350 400 450 500

X-section pb 264.29 14959 89.25 34.9 16.3 8.05 4.36 245
*Sub-branching fraction not included

* Considered decay channels

® Z—ll;W—lv,Jets (l=e,pu)

® Chosen final states: (cleanest mode with large sub-BR)
 SL*4J, 2L(++/-)+6J (tWtW)

©



{2} Object Selection

* High level trigger: single electron, muon trigger

® Four types of objects are used
> Electron: built from ECAL super clusters with pixel matched trk
o Kinematical selections, official Identification, Track isolation

> Muon: reconstructed from local, stand-alone and globall
o Kinematical selections, Track isolation

> Calo Jets: Iterative Cone 0.5 algorithm
o Kinematical selections with Jet Energy Correction

> MET: determined from calorimetric measurements
U Kinematical selections with Jet Correction
9 Muon Correction

* Event signature:
o 2L(ss)+N(Jet)=4
o 3L+N(Jet)=2

\
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, Object Selection
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* Kinematical distributions of the objects
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* Observables
o HT: trans. energy sum of all interested daughers
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{&) Event Selection

> Number of jets: a dlrect cut applled
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* Generated with a Fast sim

Process Xsec (pb)
b'b'-tWtW (300 GeV) 34.9
b'b'—>tWtW (400 GeV) 8.05
b'b'-tWtW (500 GeV) 2.45

tHW 0.65
ttW+j (pT>10 GeV) 1.23
ttZ 1.01
ttZ+j (pT>10 GeV) 2.4
ttWWwW 0.01
ttH(—>WW) 0.21
WZ 51.5
Z 15.5
tt+jets 694
Z+jets 7000
W+jets 60000

Size
40K
40K
40K
6K
6K
6K
4K
64K
4K
50K
50K

1.03M Madgraph >10M bb+jets
1.73M Madgraph and QCD samples

Generator
Pythia
Pythia
Pythia
CompHEP
CompHEP
CompHEP
CompHEP
CompHEP
Pythia
Pythia
Pythia

4.4M Madgraph

Plus




® Assuming v, — tW 100%, with LO calculation
* Normalized to 100/pb Luminosity
Yield
Process Same-sign 2. 3L Sum
b'y, M(b') = 300 GeV/c? 44.7 236 | 682
b'b', M(b") = 400 GeV/c? 14.6 7.6 22.2
b'b', M(b") = 500 GeV /c? 5.1 2.9 8.0
tt+jets 4.7 1.0 5.7
HW (+)) 0.43 032 | 073
HZ(+]) 0.31 038 | 0.68
HWHW - 0.020 0.014 | 0.035
Z+jets <04 <04 | <04
W+tjets <14 <14 | <14
77 < 0.03 < 0.03 | <0.03
WZ < 0.10 021 | 021
\_ Background Sum 54 1.9 7.3




{1 Signal Estimation

® Assuming v, — tWw 100%
* Normalized to 100/pb Luminosity
8 £ (oo signal [ wenyzegwzzz {8 [ []vb signal [0 wenyzeywzzz ] & £ [ v® signal 2] wanyzenywarzz 3
5355 [] tisjets B ewizgs)) Em:_ [] tEsjets B wizes)) _ Eﬂs_ [] tEsjets B wizie)) E
-@3‘1;‘ m(b')=300 GeV/ié g o m{b’)=400 GeV/é ] £ r m{b’)=500 GeV/é¢ ]
5253_ CMS Preliminary & CMS Preliminary 1 & 3_ & CMS Preliminary_g
Cﬂ h' T Cﬂ 500 1000 1500 zmn_ = 500%&0& 7000
E{Ge‘u‘} / V HT (GeV)
M(') 300 (GeV) 400 (GeV) 500 (GeV)
b'b LO Xsec | 34.9 pb 8.05 pb 2.45 pb
Signal Yield | 68.2 22.2 3.0
\ ihe same.




{&) Data Driven Analysis

R

°* Two-box method:
> A control region (opposite-signed 2L) is used
> Other selection criteria are remained the same

gsm—llll_lllll L L DL = '“,_-, "m"|'"_I"'I"'I:"'I_"'I_"'I"'_ Em:m | L L L L L DL L L =
S [ [bb signal 0 W+nj/Z+nj\WZIZZ E"ﬁ b Signal | [] wenj/z+njwzizz - [ b® signal [] wenjiz+njwzizz J
B r _ _ 1 - - 1 700 | - =
r e |:| tt+jets . tE+WIZ(+j) 1 =240 |:| ti+jets . III+WII[+J] E L; |:| tffn—jetﬁ . tt=WIZ(+]) 3
-g [ m(b)=300 GeVid ] @3 i mib’)=300GeVid Eﬁﬂﬂ | m(b’)=300 GeVié 3
@ CMS Preliminary] 53 {CMS Preliminary_ 2 &0 CMS Preliminary 3
25 ! — 400 = _:

| 20 - i
300 i .

15 = i
200 ; ﬁ 3

a 10 = i
50 3 100 i 3

....... L7 o 0 :EE=‘—'—-—~_._.| 0 n Lo 1
1000 1500 2000 20 40 &0 BOD 100 120 140 160 18O 0 F 4 1

HT (GeV) M{I'T) (Gevich) NiJets)

* Background estimated with iteration method
> Np= Npg control x R B= ( Ncontrol — [\ Scontrol) x Rp :
> Ng=N-Np,
o NscontrolzNS/RS
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{€ Systematics

* Summary of systematic uncertainties

M(b") (GeV /c?) 300 400 500
Integrated luminosity 11.1% 11.1% 11.1%
Non-prompt and fake leptons | *70% — +20%  +12%,
Background cross sections 1.0% 3.0%  81%
Jet energy scale 11.2% 14.0% 27.4%
Jet efficiency 51%  5.0%  7.8%
MET 304% 19.7%  20.8%
Leptons 24%  25%  2.7%
Pile-ups 1.0% 1.3%  2.0%
PDF 53% 72%  87%
MC Statistics 4.3%  7.7%  19.8%
Sum: systematics fggjﬁ fi:ﬂﬂ f‘i’g;ﬂ
Statistics (100 pb~1) 15%  28%  57%
Sum: syst. + stat. P Toa e




{€ Systematics

* |ntegrated luminosity:
% 10% in the normalization.

* Non-prompt and fake leptons:
> vary the background ratios from half to double.

* Background cross sections:
o tt+jets (10%), tt+bosons (20%), di-bosons (20%),
> +100% for the processes that are not included (it + H, bb+jets,
and QCD multi-jets).

* Jet energy scale:
© 7% per jet.
* Jet reconstruction efficiency:
> assign 10% of the events to have an additional jet or to lose

one jet.
\_




::-j} Systematics (cont.)

® Missing transverse energy:
> apply 1s(MET) shift on the distributions.
* Pile-up jets:
> a comparison between the samples with and without pile-up
simulations.

* Lepton identification, isolation, and trigger:
° 1% per lepton
* Parton distribution function (PDF):
> re-weighting the events according to the uncertainty PDF sets.

® Monte Carlo statistics.

\ ©




&%) Significance

* Significance estimated for 100/pb

> S

\_

z2
2

b’ Mass 300 GeV/c* | 400 GeV /¢ | 500 GeV/c*

b'b" LO cross section 34.9 pb 8.05 pb 245 pb

Expected signal yield 68.2 22.2 8.0

Expected background yield 7.33%‘5

S12 7.50 2.00 0.0c

Scp N/A 210 0.0
Definition:

> S,

oo

,Where (=

1=s8+b

2\/Nsig + Nbgr N \/Nbgr == Dbgr \/(Nbgr Ip Dbgr)/(Nbgr + S

PR A
= =7 o
http://cmsdoc.cern.ch/~bityukov/signif/signif.html

ble P
7!

2
bgr

+ Dbgr)

(recommmended)



http://cmsdoc.cern.ch/~bityukov/signif/signif.html

{0 Exclusion Limit

® Assuming v, — tWw 100%
® An exclusion limit set at 95% C.L. if null signal observed
in data

* Bayesian method is used for null hypothesis tests
including systematical uncertainties.

EORSE/PRRoBEIVIUS) <420 EEV.
could e excluaded,

—
o
\¥]

Fordl00/019), SOOIV, <480 Ee V.
coulaive excluded.,

—
o
]

b’b’ cross section (pb)

| I 1 | | | | 1 1 | 1 I 1 | | | | 1 | 1 1 I |
300 350 400 450 500
b’ mass (GeV/c?)




* An analysis on the 4™ gen. heavy b' with CMS FastSIM
> Selection criteria optimized with GA
> Background estimated with data driven method
> Systematical uncertainties studied
* Results are promising for M(b')~300GeV
> Expecting 68.2 signal and 7.3 background with 100/pb data
» SIN ~ 9.3, significance ~7.50
* Excluding M(b') < 480 GeV if null signal seen @ 95 C.L.

® Studies on other channels like light b' are under going

x ©



i:jf;: Future Prospect

® Covering the wide possible b' mass range
> Rich b' decay search channels:

Light b' modes:
2 b'b' — bZbZ
o b'b' — bZcW
o b'b' — cWcW
o b'b' — CWH'W*...
Heavy b' modes:
o b'b' — bZtW
o b'b' — tWtW
9 b'b' — cWIW...

* A complete study is needed

\_




Thank YOU!



First Observation of WZ and Search for ZZ

* CDF Run |l data, 1.9/fb
> Decay channel: WZ—I'vii
> Compare data vs. MC background
o(WZ)=4.3+1.4/-1.1 (stat.+syst.) pb
> NLO expect 3.7+/-0.3 pb
6(22)=1.4+0.7/-0.6 pb
> NLO expect 1.4+/-0.1 pb
D@ also sees significant ZZ
Relate to b'b'>WZ+jets

/" No obvious extra jets from

the event display

Tevatron Run Il pp at\s = 1.96 TeV.

- OCDF Preliminary
~ mCDF Published
- 0DO Preliminary
DO Published

-
o
'y
Ll

Cross-Section [pb]

—_
o
[B%] [#}]
T AR

> Genuine WZ events

» Heavier b' mass?




(&) Selection Criteria

Selection cuts used in heavy b' study:
® Trigger: “HLT1ElectronRelaxed” + “HLT1MuonNonlso“.

¢ Electron: pr>20 GeV/c, |n| <2.5, Official EID (robust),
Trk. isol. >_p7trk/pree< 0.2 (cone R = 0.02~0.6)
® Muon: pr>20 GeVi/c,

n| < 2.0,
Track isolation »_ prik< 3.0 (cone R < 0.3)

® Calodets: pr> 35 GeV/c,
* MET > 40 GeV (Jet ene. correction, muon corrected)

o Z veto: M(I+ 1) = 80 ~ 100 GeV/c2

n|<2.4 (Jet ene. correction)

* W boson: no direct requirements
min. 3 leptons or same-signed 2 leptons + jets




