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Diboson physics @ the LHC : motivation

Fundamental test of the Standard Model « \

—p Self interaction between electroweak boson
triple gauge couplings (TGCs)

Probe for new physics

CMS

(|

(enhancement of diboson production cross section) 1

— Resonances with diboson final states E
— Anomalous TGCs i
10"
T
: , r [
Higgs hunting 102 |
H coupled to electroweak bosons : -
—+» H->722/H—->WW ]
(see talks by D.Kovalsky and R.Salerno ) 103 | .

My [GeV]
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The CMS detector

Total weight 12500 t
Overall diameter 15 m 76k scintillating
Overall length 21.6 m ECAL PbWO, crystals

HCAL Scintilator/brass
interleaved

Pixel
Tracker Pixels & Tracker

ECAL « Pixels (100x150 um?)
~ 1 m? 66M channels
HCAL + Silicon Microstrips

Muons ~210m2 9.6M channels MUQON BARREL

Solenoid coil Drift Tubes (DT) and
Resistive Plate Chambers (RPC)

CMS

Muon

CMS
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Only fully leptonic modes are considered ( Z° — 1"1"and W* — "V )
—» Electron and muon channels for all diboson processes
—» Tau channel also in ZZ final state —® ZZ — lltt withl=e, u

+ Advantages

— Clear signature : isolated leptons ( + possibly missing transverse energy)
— Low QCD background

+ Challenges
—» Low branching ratio (0.09 % to 1%)

Overview of the analyses
¢ 77 — 41 with 1.1 fb"
+ WZ — 3lv with 1.1 fb"' NEW results!
+ WW — Ilvv with 1.1 fb"

Phys.Lett.B701
+ Wy — lvy with 36 pb’ 53%1?556’:5“201(1)
+ 7y — 1y with 36 pb’ Ph
: : : 1 ys.Lett.B699
+ Anomalous triple gauge couplings WWYV and ZVy (V = Z,y) with 36 pb 25-47.2011
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/7 — 4] : selection

2010 + 2011 data used : L1 fb-1 CMS Preliminary,\'s=7 TeV, 1.1 fb"
+ 2010: Single lepton trigger

#+ 2011: Double lepton trigger

e DATA
BNzz - a4l
BZ+jets

~
|

First Z
two 1solated leptons of same flavor,
opposite signs, p. > 20/ 10 GeV

60 <m, <120 GeV

Events/50 GeV/c?
@) (@))]

Second Z
* /7 — 4e, 41 and 2e2 final states
two isolated leptons of same flavor,

opposite signs, pp > 7 (5) for e (W) 1+
60 <m; <120 GeV

\®) w &
I

‘POO 200 300 400 500 600

2
* /7 — 2127 (1 =e,u ) final state : IV|4| (GeV/C )
{’C (py > 15 GeV) — lepton ( p> 10 GeV) / hadron (p> 20 GeV)
30 < visible mass of di-tau system < 80 GeV
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27 — 4l : remaining backgrounds

Background processes :
—» /bb / ttbar : reduced and estimated using lepton impact parameter value
—» 7/ + jet : reduced and estimated using identification and isolation variables

CMS Preliminary 2011 Ns=7TeV L=113fb" CMS Preliminary,\/§=7 TeV, 1.1 b
(o] _I T 1T | T T 17T | T 1T T 17T | T 1T | T 1T | I_ N r I —_— | — I — I f——— I —
S 20F * DATA : o - 1
3 15 e E >10°k e DATA -
T 16h Wz+ets - S T BWZ+jets
:@ C B zbb/ce ] O, 0 .ti ]
5 14F [[]Z+gamma - Q'IO .WZ _E
Lﬁ 12 E [l Single top E ﬂ 3
: W wz ] S 10 ¢
101~ W zz - >
C ] L
8¢ —
6F E !
. ] -
ol l [ 107
C I | | I I | I I | | I | | I | L1 1 | :
%0 70 80 90 100 110 120 100 200 300 400 500 600
M, [GeV/c?] M,,. (GeV/c?)

Mass of the best reconstructed Z in the
Zbb/ttbar control sample
( relaxed cuts on isolation / impact
parameter / flavour / charge )
(ZZ — 41 channel (I=e,|) )

Visible mass of the 21271 system in the Z+jet
control sample
(relaxed cut on isolation / flavour / charge)
(ZZ — 2127 channel )
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/7 cross section @ Ns = 7 TeV

Signal selection efficiency : computed with the Tag and Probe method

Number of selected events Uncertainties

. backg. 77 .
Final state Nops N estimated N expected :li)l;l;i unciagz(;;nty

4y 2 0.004 £0.004 3.7+04 lepton identification 3%

4e 0 0.14 £ 0.06 25+0.2 lepton isolation 207

2e2pt 6 0.15 £+ 0.06 6.3+ 0.6 lepton energy scale 1%

2021 1 0.8 +0.1 14+0.1 T reconstruction 6%

' ’ ) ' 7 energy scale 3%

Cross section computed with a constrained fit using all channels :

oc(pp — 2Z+X) = 3.8777 (stat.) £0.2 (syst.) = 0.2 ( lumi.) pb

NLO Prediction (MCFM) : 6.4 + 0.6 pb
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W27z — 3lv : selection

7. selection :

2011 data : 1.1 fb™

+ Two isolated leptons with p,. > 20 /10 GeV (electrons)

or pr.> 15 GeV for muons
# 60 <m, <120 GeV.

+ Ambiguities solved by taking the Z candidate

with mass closest to nominal Z mass

W selection :
# Third isolated lepton with p. > 20 GeV

Which backgrounds after selection ?
+ Z+jet (jet faking a lepton)
+ Top background
*+ 7/ (photon faking an electron)
* 77 — 41
Rejection of ZZ. :
—» Veto on a second reconstructed Z
Rejection of Z+jet and Zy background :
—» Missing transverse energy > 30 GeV

Events / 10 GeV

CMS Preliminary 2011 \s =7 TeV
1 1 T T 1 T T 1 I T 1 | T T 1

= T T T T F T T ]
- Ldi=1.09fb" -
60 = +-Data BW+Jlets
- mvv B .
507 =9 WZ+lets COWZ—3lv
10 =
30 —
20 —
10 -
0 o e
0 50 100 150 200 250 300
MET (GeV)
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selection efficiency

Data driven estimations for
Z+jets and top backgrounds :
—» “Matrix” method N, = €Ny, + p;,,...N

background Nbkg

> Z+jet and top 8.1

MonteCarlo simulation estimations : other backgrounds ~ 1
—> 7y

—» /7 — 41

Assigned systematic uncertainty : 20 % Y,

Zjet

Total selection efficiency A-€-p

*+ A-ge: selection efficiency on MonteCarlo simulation sample
¥+ p : correction factor obtained on a control sample (T&P : inclusive Z, data and simulation)

uncertainty main sources
. o F = Ae 2.8 —3.2% NLO Effects / PDFs / Lepton energy scale
Main uncertainties : p 3.6 —6.7% reconstruction/ ID /isolation
background | 1.5 — 2.8%/3.5 — 5.5% top / Z+jet
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WZ — 3lv cross section @ \/S =/ TeV

CMS Preliminary 2011 \Ns=7TeV
=T T T T I T T T T I T T T T I T T T T I

CMS

> 35F i
What about ZW — (ll)(tVv) ? S - j Ldi=1.091b" 1
. o o 30 <+-Data W+lets
—» Fraction f_of WZ selected events containing - C\A2 T .
) ) . . = 25F BZ+Jets CIWZ—3lv T
a T is estimated from simulation : f_~ 6% L%’ - + ]
—» This fraction is subtracted in the 20 3 E
cross section calculation : I5F E
Nﬂb‘: o Nbﬂck 10:— =
o= (1- : S with F=A-€ : :
( fT) F . ‘O . £ 5:_ _:
N RS S T
Results for each channel : 60 70 80 20 100 110 120
m, (GeV)
channel | N, peoroed cross section (pb)
TW 7 —s ey 22 0.086 + 0.022(stat) 4 0.007(syst) £ 0.005(lumi)
OWZ—eeny 20 0.060 + 0.017(stat) 4 0.005(syst) £ 0.004(lumi)
OW Z— jpev 13 0.053 + 0.018(stat) + 0.004(syst) £ 0.003(lumi)
OW Z— uppv 20 0.060 £ 0.016(stat) + 0.004(syst) £ 0.004(lumi)
Combined :|o(pp — WZ + X) = 17.0 £ 2.4 (stat.) £ 1.0 (syst.) £ 1.0 (lumi.) pb

NLO prediction : 19.8 £ 0.1 pb

22/07/2011
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WW — 2[2v : 2011 selection

Signal signature :

# Two isolated high p, leptons and significant missing transverse energy from neutrinos

# Leading lepton p, > 20 GeV, trailing lepton p, > 10 GeV

W+jet / top background rejection : =
—» Jet-veto (30 GeV) and b-tagging veto 8 150
WZ7 | 77 rejection : P
—» Third lepton veto -g

G
Z — 11, missing E along the lepton axes 100
—» Projection along the transverse axis of the nearest lepton
Fake missing E. in Z+jet events :
— Missing E. treatment against pile-up 50

—» Missing ET > 40 (20) GeV for ee/up (ep) final state

Drell-Yan background reduction for same flavour final states: 0
+ m, >12 GeV

+ Veto window 76 < m; < 106 GeV
+ A¢( di-lepton, remaining jet p. > 15 GeV ) < 165°

| & data

—  ww [l wzzz L=1.11f" —

[ Zejets [ Wajets

top

1 I I | | I I ]
CMS preliminary -

projected E'rTniSS [GeV]

100 150
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WW — 212V : background estimation,

selection efficiencies

- -® data

— ww

- Z+ets

(o))
o

entries / 5 GeV/c?

N
o
I [ I

jg—ﬁ

top
B wzizz
Wijets

CMS preliminary 1

L=1.1fo" —

ee, LW and el

combined —

+i ﬁﬂ

100

1 50
m, [GeV/c?]

200

CMS

Background estimation :
+ Data-driven methods for dominant backgrounds
— QCD / W+jet
—» Top
—» 7/ WZ /77

+ MonteCarlo simulation for smaller backgrounds
—» Wy
—» 7 — 1T
—» non resonnant W72/ Z7Z.

Efficiencies :
#+ Tag and Probe method for lepton related efficiencies
# Jet veto : simulation plus correction
with a Z+jet control sample
+ Missing E.. selection : simulation

Total selection efficiency : €= 6.7 £ 0.5 %

22/07/2011
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WW — 212V cross section @ \/s =/ TeV

Number of events

CMS

Main uncertainties

Sample Yield
g — WTW~— 349.7 £+ 30.3
gg — WTW— 172+ 1.6
W +jets 106.9 £ 38.9
tE+ tW 63.8 + 15.9
Z/y* = U+WZ+ZZ 122 +£53
Z/y" =TT 1.6 04
WZ/ZZnotin Z/v* — €4 8.5+ 09
W+ 8.7+ 17
signal + background 568.6 + 52.2
Data 626

source uncertainty
background estimation ~ 20%
W T jot 367
top 25%
signal efficiency ~ 8%
lepton efficiencies 1.5 —2.5%
E7¥s5 resolution 2.0%
jet counting 5.5%

In 2011 with 1.1 o' : |Ow+w- = 55.3 3.3 (stat) = 6.9 (syst) =+ 3.3 (lumi) pb

In 2010 with 36 pb™ :

ow+w- = 41.1 =15.3 (stat) £ 5.8 (syst) £ 4.5 (lumi) pb.

NLO prediction :

43.0 + 2.1 pb (qq — WW) + 1.46 pb (22 — WW)

22/07/2011
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2010 data : 36 pb™

Final state of interest includes initial and final state radiation (ISR / FSR) as well as WWy TGC

W selection : Isolated lepton p,. > 20 GeV

Missing E;. > 25 GeV W+jet background estimation
Photon selection : E.> 10 GeV % Sl e
_ , ) (a) CMS, 36 pb .
AR(1,y) > 0.7 (avoid soft y divergence) = _ .
» m Ns=7TeV
No additional lepton X
10 7 . =
. . 74~ Ratio method ]
Dommqnt backgroupd : W + J.et e Shape method |
+ Rejected with tight isolation on photon o
+ Estimated with two data-driven method " MC prediction 1
10

—» Shower shape variable distribution fit with templated
PDFs + signal component extraction

20 40 60 80 100 120 140 160 180 200
E' [GeV]

—» Use of the ratio between number of isolated / non-isolated
photon, estimated on a QCD control sample

Other backgrounds are estimated with MonteCarlo simulation

22/07/2011 M. Marionneau / EPS-HEP Grenoble 14



| CMS
Wy — [vy cross section @ Ns =7 TeV

uncertainty main sources
_ O
Main systematic uncertainties A 02 6'10% PDF's / energy scales
p 1.6 — 1.9% | v ID-Isolation / E7"*% selection
backgrounds 6.3% W + jet
104:I 11 T T 1 T T 1 T T [ T 1T T4
S | CMS, 36 pb’ -
© - e i
_ Ns=7TeV —* Dau _
Number of selected events < 10° — Wy MC + backgrounds =
= -~ - ——— WHjets .
Process Nokg N lﬁw z 102 L Other backgrounds _
Wjet 220+ 16+ 14 | 261+ 19+ 16 5 - N aTGC Ak, = 0,1, =05 -
other backgrounds 7.7+0.5 16.4+1.0 E - mmmim e .
all data 152 520 el i‘ E
N | . ]
e =
Measured cross section with 36 pb™ : 10" _
:I | L1 | L1 | L1 ‘ L1 | L1 | I | | | I | L1 I:
(E;>10GeV , AR(l,y) >0.7) 20 40 60 80 100 120 140 160 180 200

Y
o(pp — WA+ X )x B(W = (1) = 56.345.0 (stat.)£5.0 (syst.)+2.3 (lumi.) pb | =7 GV

NLO prediction : 49.4 + 3.8 pb
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/77 and Zyy not allowed by SM : only ISR and FSR contribution

Z. selection : two isolated lepton with p. > 20 GeV
m, > 50 GeV

Photon selection : E.. > 10 GeV and AR(l,y) > 0.7
Z+jet background estimation

% I L L B B BN BURLEL BRI

E (b) CMS, 36 pb’!

E \s=7TeV
Large background contribution from Z + jet process : 10 =
+ Same data driven estimation as for Wy 7%~ Ratio method -
# Other backgrounds estimated with simulation —e— Shape method
| | MC prediction -
Main systematic uncertainties :
uncertainty Al Sources
A 43—5.8% | PDFs / energy scales 10775040 60 80 100 120 140 160 180 200

p 1.5% v / lepton ID-Isolation y

backgrounds | 9.3 — 11.4% Z + jet Er [GeV]
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Zy— lly: separation between ISR and FSR

M, [GeV]

200
180
160
140
120
100

80

°

N L B BN CL R B ]
- Zy MC . - A i
— 2 7
_ e Zy— eey data o i
- % ]
o Zy— uuy data i
B : ® DOO >ISR s
N ° “ ]
B ° O o .‘ié |
[ 3 S _
B .. ™ pae %}ﬁ' J |
L ° Q.O.Q |
g emgo QW% ]
o¥he 5(!'.. X ]
e CMS, 36 pb™ ]
R ol v b b e b by ]
0 60 70 80 90 100 110 120
. % M, [GeV]
N !
FSR

CMS

22/07/2011
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v— lly cross section @

S = eV

> e
O ®) CMS, 36 pb _
S PP (s=7Tev  —* Daw
Number of selected events — 77 IIIIII —Zy ]
Process Ny N, 10 % ¢ — Z+jets .
Z+jet 205+1.7+£1.9]273+22+23 & . -== aTGCh} =0.12 -
other backgrounds neglected ? 7 B I B .
all data 81 90 - 1 = E
10-17/ 7 E
7 :
7 i
o i
102 Ll Gl i
20 40 60 80 100 120 140 160 180 200
El [GeV]
Measured cross section with 36 pb™ :
(E;>10GeV , AR(LY) > 0.7, m;> 50 GeV )
opp = Zy+ X)xB(Z—0)=94pb £+ 1.0 (stat.)
+ 0.6 (syst.)| |NLO prediction : 9.6 + 0.4 pb
+ 0.4 (lumi.)
22/07/2011 M. Marionneau / EPS-HEP Grenoble 18



Limits on alTGCs : WWy/ ZZy/ Zyy

CMS

Deviation to SM modelled by an effective Lagrangian < oscoms.zepy! -
+ No form-factor oo N5 =7 TeV E
+ SU(2)xU(1) gauge invariance ;

+ No C/P-violating parameters I E

of E

Two parameters for WWYy : Ak, =1-1, (SM AKY=O), Ky:kz (SM =0) -0-12— 3
-0.2F -

ZVy(V=Z,y) :h,", h," and h,”, h,* (=0 at tree level in SM) ogf & —— 95%CLlimiton WWry -
Limits obtained by using a profiled likelihood based on oo Ay
the E spectrum of the photon < :'CMS:%' b R
Ns=7TeV _:
: : 0.0005]- g E
Baur and Sherpa MC tools used for generation with aTGCs - ' E
N I T E
WWry LZvy Zyy - g
“111 < Ak, < 1.04 | —0.05 < h3 < 0.06 —0.07 < h3 < 0.07 - ey :
—0.18 < A, < 0.17 | —0.0005 < hg < 0.0005 | —0.0005 < hs < 0.0006 - by 5% CL limit on ZZy |
— by 95% CL limit on Zyy |

Sensitivity similar to that of the Tevatron 0001005 0 005 oL
Stringent limit on h, h,
22/07/2011 M. Marionneau / EPS-HEP Grenoble 19



Anomalous TGC from WW analysis : WWV

CMS

2010 data : 36 pb™! S T oM T Tevi Saepet T
Same assumptions as for WW7Y from Vv analysis S s —=— Dam ’
4 - SM prediction -

- - B Background i

Three parameters : A, (=0 in SM ) 5 1oL Bkg +aTGC(A, = -0.5, Ak, = 0.75) B
. 84} - _

i, and g,” (=1 in SM) — Ax, / Ag,* : ]

. . . . 5_ __
Limits set using the leading lepton transverse i EEEE——— .
momentum spectrum (unbinned fit) _‘ i _

,712 ,ﬁg—lz A Koy %{} 30 40 50 60 70 80 90 100
Unbinned fit | [—0.19,0.19] | [—0.29,0.31] | [—0.61, 0.65] P [GeVic]
an~0-6_"'\H'\"'w'w"w"w_ M?"l-s,"‘\“‘I"‘I"‘l"'\"'
Modelisation of aTGCs < [ CMSNs=7TeV,L =36pb’ < | CMSNE=7TeV.L =36pb’ ]
. pis -0 _mt N 1= Z_ 1 I
with Sherpa and MCFM 4L k=0 et ]
0.2 1 os- .
Similar sensitivity to Tevatron o 1" ( } E
results presented in : 02f 1 sk .
+ Phys. Rev. Lett. 104 (2010) 201801 oal e LR T ;
+ Phys. Rev. Lett. 103 (2009) 191801 i _ x
096 f04 02 0 02 04 06 D6 04 02 0 02 04 06
A'Z A‘Z
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Diboson processes WW, W7, 77, Wy and Zy measured in CMS
using 36 pb'1 (2010) or 1fb™ (2011)

Measured cross sections in agreement with Standard Model expectations

Limits on WWY, ZZy and Zyy anomalous triple gauge coupling values with sensitivity
similar to that of the Tevatron, using 2010 data

More exiting results with the increasing of luminosity
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Where are we now ?

Production cross section [pb]

—
=

10°
102
10

10!
10
107
10*
107

|

Ieptionic final stéate (1= e,u]é

—a— Theory

CMS * errg,,

exp *

thea- -

CMS + err

err

36pb’ | 36pb’ | 36pb” | 36pbT | 14f7 | 1.1f7 (11T |

w < W}’ 3

ey =

s w W 7

vy, oy

2
< iy

&
S
£

< 1ty

CMS
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Backup
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22/07/2011

4y de 2e2u
source Effects on acceptance A
PDF'I'{xD SC&]IE 22 ﬂfu 2.2 Gfu 1.8 ﬂfn
source Effects on efficiency € (from [6])
‘tO‘ta] uncertajnty one 1.7 ﬂf"'rn 3.7 G/"ru 3.0 ﬂf"'ru
Background (Z+jets) | 100 % 43 % 40 %
Luminosity 6 %

M. Marionneau / EPS-HEP Grenoble
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eee eep Hie HUH
Source Systematic uncertainty Effecton F = A - €)¢
Electron energy scale 2% 1.7% | 0.25% | 0.9% n/a
Muon pr scale 1% n/a | 05% | 02% | 0.9%
MET Resolution 0.5% | 0.5% 0.5% 0.5%
MET Scale 0.3% | 0.2% 0.1% 0.1%
PDF 1.0% 1.0% | 1.0% 1.0% 1.0%
NLO effect 2.5% 2.5% 2.5% 2.5% 2.5%
Total uncertajn’[y onF = A-eyc 3.2% 2.8% 2.9% 2.9%
Source Systematic uncertainty Effect on p,¢f
Electron trigger 1.5% 1.5% 1.5% n/a n/a
Electron reconstruction 0.9% 2.7% | 1.8% 0.9% n/a
Electron ID and isolation 2.5%(WP95), 3.2%(WP80) | 59% | 50% | 32% n/a
Muon trigger 0.54% n/a n/a 1.08% | 1.08%
Muon reconstruction 0.74% n/a | 0.74% | 1.48% | 2.22%
Muon ID and isolation 0.74% n/a | 0.74% | 1.48% | 1.94%
Total uncertainty on p, sy 6.7% | 5.6% | 42% | 3.6%
Source Systematic uncertainty Effect on WZ yield
Background estimation
Y4 20% 0.4% 1.1% 0.7% 1.1%
Zy 20% 0.08% | 0.01% | 0.005% | 0.01%
tf 1.5% | 1.8% 2.8% 1.7%
Peaye 3.5% | 5.2% 5.5% 4.0%
Source Systematic uncertainty Effect on luminosity
Luminosity 6.0% 6.0% | 6.0% 6.0% 6.0%

22/07/2011
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WW systematic uncertainties

Source qq9 — gg — | non-Zresonant | top | DY | W+jets | V(W/Z)
WTW~— | WTW~— WZ/Z7Z +v
Luminosity — — 6 — | — — 6
Trigger efficiencies 1.5 1.5 1.5 — | — — 1.5
Muon efficiency 1.5 1.5 1.5 — | — — 1.5
Electron id efficiency 2.5 2.5 2.5 — | — — 2.5
Momentum scale 1.5 1.5 1.5 — | — — 1.5
EMiss resolution 2.0 2.0 2.0 — | — — 1.0
pile-up 1.0 1.0 1.9 — | — — 1.0
Jet counting 5.5 5.5 5.5 —_ | — —_ 5.5
PDF uncertainties 3.0 3.0 4.0 — | — — 4.0
g8 — WW QCD scale — 50 — — | — — —
W +jets norm. — — — —_ | — 36 —
top norm. — — — 25 | — — —
Z/v* — £ norm. - — — — | 60 — —
Monte Carlo statistics 1 1 3l 6 20 20 10

22/07/2011
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Vy(V = W,Z) systematic uncertainties

CMS

Wy — evy | Wy — pvy || Zy —eey | Zy — upy
Source Effect on A - ey
Lepton energy scale 2.3% 1.0% 2.8% 1.5%
Lepton energy resolution 0.3% 0.2% 0.5% 0.4%
Photon energy scale 4.5% 4.2 % 3.7% 3.0%
Photon energy resolution 0.4% 0.7% 1.7% 1.4%
Pile-up 2.7% 2.3% 2.3% 1.8%
PDFs 2.0% 2.0% 2.0% 2.0%
Total uncertainty on A - ey¢ 6.1% 5.2% 5.8% 4.3%

Effect on €4.;,/ €EMC

Trigger 0.1% 0.5% < 0.1% < 0.1%
Lepton identification and isolation 0.8% 0.3% 1.1% 1.0%
E.llT.‘i’*’"‘ selection 0.7% 1.0% N/A N/A
Photon identification and isolation 1.2% 1.5% 1.0% 1.0%
Total uncertainty on €4, /€mc 1.6% 1.9% 1.6% 1.5%
Background 6.3% 6.4% 9.3% 11.4%
Luminosity 4%

22/07/2011
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CMS
Wy — [vy: radiation-amplitude zero

Destructive interferences between and >’\N\/\/\i
following diagrams
Already observed by DO using the “charge-signed rapidity” : Q,.An(l,y)

For pp collision : minimum located at Q.An(l,y) =0

FSR Wy radiation amplitude reduced by requiring M.(1, v, MET) > 90 GeV.

©©  GOFTT T T T
2 - CMS, 36 pb”' ]
2 0 —~-Data
o C ]
G 40F —SM
o . Background is subtracted
205 E
10:_+ 1 Kolmogorov-Smirnov probability of 57 %
O_l e by v v by v b v e b b Py bt i
43 2 a1 0 1 2 3 4
Q X An
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