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wN ttttt Detector performance requirements

oL epton measurement: p,=GeV - 5TeV

(b X, W/Z)
sMassresolution (m~ 100 GeV) :

=~1% (H - vy, 47)
=10% (W - jj,H - bb)
eCalorimeter coverage: Inl <5
(E,™ss, forward jet tag)

eParticleidentification : ey, 1, b
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Istituto Nazionale

«Absoluteluminosity : goal < 5%
Main tools. machine, optical theorem, rate of
known processes (W, Z, QED pp - pp U'1)
-V energy scale: goal 1%  most cases
0.2%0 W mass

Main tool: large stetisticsof Z - ¢ (closetom.,. m,)

-Jet energy scale: god 1% (m,,, S"L_J"S'Y')" |
Main tools: Z+1jet (Z — ¢ . \W —ii from ton decay
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W-Boson Mass [GeV]

TEVATRON (Run 1) 80.452 £ 0,059 M,, IS an important parameter
LEP2 80.412£0.042 In precison test of SM

o w500y um WM, =80.425 + 0.034 GeV.
NuTeV  —+— 80.136 + 0.084 «2007 M, 80...+ 20 MeV

LEP1/SLD 4 80.363 £ 0.032 (Tevatron Run I1)

LEF"I_J'S.LI:Il,’m1 * 80.373+£0.023

&D a0z g0.4 B0E

m,, [GeV] Improvement at LHC requires

Control systematic better 10

(preliminary error was 67 MeV) |e\/e|

New published OPAL: M, =80.415+0.852

Analysis in progress at Tevatron Run Il:
Mw Br(W-—ot)
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)
VMV mass measurements motivation

»m,, m, are fundamental parameters of Standard Model; thereare
well defined relations between m,,,m,m,,.

Dependanéon top and Higgsmass vialoop corrections
2 ' 1 " o electromagnetic constant

2:G, O sin” .(]@ Measured in atomic transitions,
2 " | e+e- machines
e, radiative corrections =G Fermi constant measured in muon
Ar - i nn “, log m
r~logM e #' decay
W Y
' ( ) ~ =Ar radiative corrections

»G; a, sin 6, are known with high precision precise measurements
of W mass an top-quark mass constrains Higgs boson mass

» To match precision of top mass measurement of 2 GeV: M,=15MeV

Amw ~0.7 x 10?2 Amt Simonetta Gentile
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) :
M. W production process

~ 50 times larger statistics
than at Tevatron

P .:q . / ~ 6000 times larger statistics
& W(Z) than at LEP

-p E V(/)

0(pp — W»+X):30nb
eV, UV

~ 60 x 10° events selected low ., per

~ 300 x 10° events produced } one year at
after analysis cuts ~ experiment
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)
INFN — NMethod of mass measurements

[ e e
Since p,» not known (only p,» can be measured through E ),
Measure transverse mass, |.€. INnvariant of v nernendicular to the
H}W{ﬁTS&ibutigﬁ 18 sensitive to ﬁlw

w0 my= K?

J==(P,(e)+P,(had)) =

my,= 80.3 GeV

/

[ fit experimental distributions with
SM prediction (Monte Carlo simulation)
for different valuesof m,, — find m,,

Smonett Q’&tle%%%beSt fits data
Gomel School of Physics 2005

hadronic recoil



Istituto Nazionale W I I I%
di Fisica Nucleare

i Fisi

W_ J | ]
MT— 2prT (1 COS ZV) igi t
- MC thruth
T~ Egimated with W recoil 1 d
o |solated lepton P;>25 GeV 100 i
AN .
o E,M=>25 GeV g w4 Fullsm..
mz *f Myy]. K A0
° NO h|gh pt Jet ET<20 Gev 0 20 40 &0 @) 100 120 140 1&0 180 200
/ M. ¥ (MeV)
o W recoil <20 GeV %)
= Sensitivity to M,, through falling edge § )
< P
©
- Compare datawith Z° tuned MC sampleswhere o |8
Input M, variesin [80-81] GeV by 1 MeV steps .
=> Minimize x?(data-MC): 2 MeV statistical precision

Input M, (GeV)
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> Uncertainties

Come mainly from capability of Monte Carlo prediction to
reproduce real life:
e detector performance: energy resolution, energy scale, etc.

« physics: p%, 8,,,, backgrounds, etc.

Dominant error (today at Tevatron, most likely also at LHC):
knowledge of |epton energy scale of the detector: if measurement
of lepton energy wrong by 1%, then measured m,, wrong by 1%

» Trailing edge of distribution is sensitive to W-mass
Detector resolution smears the trailing edge of m. distribution

Simonetta Gentile
Gomel School of Physics 2005



Source | CDF,runl | ATLAS
b 10 fb-2
PRD64,052001
Lepton E,, 75 15* B at 0.1%, align. 1um,
scale tracker material to 1%
PDE 15 10*
Rad. decays 11 <10 I mproved theory calc.
W width 10 7 Ar,=30MeV (Run 1)
Recoil model 37 5* Scaleswith Z stat
P, 15 5% Use p,Z asreference
Background 5 5
E resolution 25 oF
Pile-up, UE - 2 Measured in Z events
Stat[syst 113 <25 W->ev
TOTAL 89 <20 | W2>ev+W=DuV
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challenge

e Take advantage from
large statistics
7 - e*e‘, |J.+u._

e Combine channels &
experiments




INFN Cal Ibration of the detector energy
di Fisca Nucleare sg a! E
e CALD /TR

E = 100 GeV
E

measured

= 100.000 GeV for dl calorimeter cdls »
perfect calibration

oE

measured

«To mesaure M, to ~ 20 MeV need a enegy scale to 0.2 %o,
(E,.. =100 GeV then 99.98 GeV <E < 100.02 GeV )

el ectr measured
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M. Calibrations strategy.

» Calorimeter modules are calibrated with test beam of known

energy
> In Atlas calorimeter sits behind Inner Detector:
= glectrons lose energy in material in front of calorimeter (inner

detector)
— calibration “in situ” using physics sample

Z - e'e withtheconstranm = m,

\

knownto ~ 10
5

> same strategy for muon spectrometer, using Z - g
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w N Drell-Yan Lepton-Pair Production
q vz el
E] e+,‘.lI +
Inversion of e'e” —» qq at LEP
% 10°
O i p+> 6 GeV
: S 0% = !
Total cross section g [ A Inl<2.5
df ok
p | | Z pole
search for Z', extra D
dim., ... sfF
0
. '4__|||||| Lol
Much higher massreach as N e o
m,, (GeV)

compared to Tevatron
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S
. - Zpole
> Measurement of sin*3,, effective § 6. "Iy, <25, [y, <4.9
E I |y1,2| <
sin?d,, = 0.2324 £ 0.00012 &
> A g around Z-pole 4 -
0(Z - e+te’)=1.5nb 5
——
0\\\\\\\\\\\\\\\\\\\\
0 1 2 3 4
rapidity y(e'¢)
»> Systematics (probably larger)i Asymmetry - szsw
 PDF !

Controlled at required level

e Lepton acceptance !
P P L B For the significance of measurement
Gomel School of Hees




Measuring Triple Gauge Couplings (TGC) &
Testing gauge boson self couplingsto SM

» WWyYyWWZ vertices exist Charged &  Neutral TGS’s

- 5 parameters: " W L
InSM gt k, k=LA, A, =0 W 7!

» ZZYy,ZZZ do NOT exist in
SM: d "
12 couplings parameters

hv.i¥ (V=y,2)

« Some anomalous contributions ( A-type) increase withs —
high sensitivity at LHC
e Sengitivity from :
-- cross-section (mainly A-type) and p, measurements
-- angular distributions (mainly k-type)

|
S




) i
v WWy Couplings
e Charged TGS's
TesTCP conserving anomalous

couplings at the WWY vertex
AK and A

* Wy final states ;1 |

e W = ev and Qv
* p; spectrum of bosons

Sensitivity to anomalous couplings from
high end of the p, spectrum

Signal + Background Expectation

w
§ 10° _
o %LI_L ATLAS 30fb? | |--------- Ax = 0.200 Expectation
. I A= 0.010 Expectation
10 g Background Expectation

+ Simulated ATLAS Data

. ':'-':'-"-':---:-_-:"_'5'.-'-:..':. e on ATLAS

10

1

10~
[

300 400 500 600 700 800 900 1000
PT, [GeV]
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)
INF-N

(oo / Zy Cou P lin 0S

P 2 distribution

2 10° —— Signal + Background Expectation
§ -iE—h ATLAS 30 fb' | |- Ak = 0.200 Expectation WZ
CY T A= 0.010 Expectation
r Ag'= 0.020 Expectation
10 E'—_ Background Expectation
E + Simulated ATLAS Data

400 500 600 700 800

(Gevs P! [GeV]
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IN%ensmwty to WWYy Couplings

Charged TGS's

95% 2D Confidence Limif
90% 2D Confidence Limif

018 30 fb! 68% 2D Confidence Limif

0.1F

0.05F

« At LHC limitsdepend on energy scale. **t

o Largeimprovement wrt LEP
in particular on A dueto higher
ener gy -0.01 -0.005 0 0.005 (;_Lm

Simonetta Gentile
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NN T ple Gauge Couplings

L/ di Fisica Nucleare Najtral TGS’ S
»>777 vertex doesn t exist In oM

»YZZ vertex doesexist in SMs

Analysis. search for ZZ - 4 leptons
(€, 1)
Main background

- real ZZ events ( =12pb)

_ I 10 3% : f/=.0.007
.. . =} i
Sensitivity: ~7-10 o T
7 7.8
(100fb*and =6 TeV ) 1 ﬁh'g“‘"'
10 a nd rLI
TR AR N PR
0 200 400 600 800 100012001400160018002000
Simonetta Gentile PAI*1")
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(- ioemonse Z Zy Cou P | ne

Neutral TGS s

Example: Couplingsat the ZZyvertex hY

q

- Zyfinal states
e Z = e'eand U
« p. spectrum of photonsor Z and m (£€y)
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Triple-Boson

Sensitive to quartic
gauge

boson couplings

' AYa 1 AYa
Events for 100 fb? Produced Selected
(my, = 200 GeV) (nocuts,no | (leptons, p,>20 GeV, |n|
BR) < 3)
pp - WWW (3V’'s) 31925 180
pp - WWZ (2V's) 20915 32
pp —» ZZW 6378 2.7
pp - ZZZ 4883 0.6
pp - Wyy best channel for analysis
30 Wyy signal events in 30 fb & 0.025
Total signal + backgr % |
Wy signal °-015H
W + 2jet hackground o 010l
7 W+ jet background 1 l .
0 s 5075 100 125 150 175 200 0-000"
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Eboli, Gonzalez-Garcia,
Lietti, Phys Lett D63, 2001

Standard Model
—---—— AQGC

1
i] 100 200 300 400 500 agn
pT.{l[GeV]



INFN " "
L = 1T1PlE gauge couplings
d SM allowed charged TGC in WZ, Wy with 30 fb!
ATLAS 95% CL
= >1000 WZ (Wy) selected with S/B = 17 (2) (tstat isyst)
o | Ag,? | £0.010 + 0.006
= 5 parameters for anomal ous contributions g
Ak, | +0.12£0.02
scale with v§ for g,2,ksand § for As A, | +0.007 +0.003
= Measurements still dominated by statistics, but Ak, | £0.07 +£0.01
improve L EP/TevaIron results by ~2-10 Ay | +0.003 +0.001
> inSM g2k, k, =LA, A, =0
Q SM forbidden néutral TGCif zZ, Zywith 100 fb ATLAS 95% CL
R stat
= 12 parameters, scales with §¥2or §52 i 2 710
= Measurements completely dominated by statistics, 2 12% 3 :g:

but improve LEP/Tevatron limits by ~103-10°

d Quartic Gauge boson Coupling in Wyy can be probed with 100 fb-

Simonetta Gentile
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- Status of SM model

»High precision measurements~> Test of Standard M odel
.100(\ AAatAa nAtnte naarmmhinAaAd 1n 17 AlheAarviahhl A~ nr\lnlllr\'l'nri in SM

TOP MASS

- IVIZUJICUIDIUII £ 1V 7)1Tullrnrice-a iquc
— a(M,) precision 2 102hadronic observable

U5« G0, H H §, < In '1'1:"*‘“
AN M } '\.wvwwm e
Mo @nd Mg WYy W oZwzw zw zw
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IN M easur ement of the Top Mass:
L =W otivation

2 m2 sin’
W W

1-Ar =
(1- Aa)(1-Ary,)

— LEP1 prd SIN
B0.5- =+ LEP2 and TevarthNg

BS% GL
E W+ t W+
LI 'V\OW
3 =
E b
Ar. [ (m2-m,?2
B0.3 w H (m-m, )
m
11 ]
150 175 200

m, |GaV|
W,Z

Top mass from Tevatron (2005) :

m=174.3 + 3.4 GeV Ar. Ologm,

Simonetta Gentile
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)
/NFN. Combination of Measurements

Only best analysis from each decay

mode, e:Ch ?:Ipirm;en:pp o Y ear M top M Higgs
Measurement ’ Mm? [GeWcz] [G EV] [G EV]
CDF-l dil =4 1674+ 114
0o i ——ep sasize | 2003 174.3£5.1|< 219
CDF-I di-l —o——. 1653+ 7.3
CDF-l 14 1= b— 176.1% 73 2004 17/8.0+4.3 |[< 251
DSl 14 1| o— 1801+ 53
CDF-Il 1+ _:.-- 1735+ 4.1 2005 1743i34 < 208
D@1l [+ —4- 169.5+ 47 lune
CDF-l all E & 1860+ 115 (J )

?iaof =657 | 2005 172.7£2.9 17

Tevatron Run-/lI* -+- 17274 29 (J ul y) .

150 ﬂi , ™ Expected precision in 2007 at Tevatron:
EPS95 Keoji Sat + ~1GeV
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INFN

[ e, T Op Ph yS| CS

st an 3rd

G»a-rl'E'-‘rf”'if"'rIi

o tt production
87% gluon fusion, 13% quark

I I tps) ’
ilation % by 4y

X, t(p 3 )
A
— >‘mm<
t(p,)
e(py) Py) @@Sk X t(p,)

a(p,)
g(p,) 5 =
Inverse ratio of production mechanism as compared to

. Aiﬁ‘}}f&'&? (lnt_t-pair per second at 10%/cm?/s

LHC is a top factory! Y W, W, .-
e Top decay: =100% t > bW by 4 b p,
e Other rare SM decays:

e CKM suppressed t 2 sW, dW: 103 =10 level
*t2bWZ: 0O(10°%)

difficult, but since m, = m, +m,,+m, sensitive to m,
Simonetta Gentile
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[ op Decays # D hamnas
di Fisica Nuc leare

» thett pair crosssection is~ 600 pb
>Br (t>Whb) ~ 100%
» no top hadronization

e Di-lepton channel

Both W’s decay viaW->f v (£ = eor p ;5%)
eLepton-jet channel

One W decaysviaW-=Tt v (€= eor u ; 30%)
«All hadronics

Both W decay viaW- qq (44%)

tt final states (LHC,10 fb™")
Signature: Leptons « Full hadronic (2.6M) : 6 jets

“gi_SSi ng transverse energy g Semileptonic (L.7M) : € +v + 4djets
-jets

=l e Dileptonic  (0.3M) : 20 +2v +
Gomel School of ;
Idlote
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w g‘:;::a”s:t::::: Tagg| ng b'quar ks

Soft lepton tag Silicon vertex tag
i
//e or |l in jet

o bh— fue (BR ~ 20%)
o h—c—fus (BR ~ 20%)

Search for non-isolated soft

lepton in ajet B mesons travel ~ 3mm before

decaying — search for secondary vertex

Simonetta Gentile
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INFN
(sewe: Top Mass from Semi-Leptonic

EVCH ES
Easiest channel tt 2 bb qq
v

e Large branching ratio

tt > bb qq MV events
from ATLAS

Simonetta Gentile
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INFN
(s MeEASUrement of m

di Fisica Nuclea

top

Selection decay (29.6%) &
Require at least one e or |
P, > 20 GeV/cin centra detector
2 Jets
2 b-jets

Efficiency:. ~65%

Systematics
Dominant: Final-state radiation
»>]et energy calibration: 1%

pp—tt
especially b-jet calibration S(bWH (B W)

—2 b—jets +2 quark jets +1

Simonetta Gentile
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é”/ N.. TopMassfrom Semi-Leptonic

di Fisica Nucleare

Reconstruct m, from hadronic W decay
Constrain two light quark jets to my,

70% top purity - efficiency 1.2 %

52000 [ b-jet
L
U ~
it B
1500 |- 6=10.6 GeV
D i o Isolated lepton P;>20 GeV
o E,"=>20 GeV
1000 —
o 4 jets with E;>40 GeV AR=0.4
w0 L o >1 b-jet (€,260%. I, =102 =10
0
0 100 200 300 400
Background: <2% M, (GeV)
W/Z+jets, WW/ZZ/WZ Simonetta Gentile
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INFN M

L/ItttN

 Golden channel
BR 30% and clean trigger from isolated lepton
« Important to tag the b-jets:

enormoudly reduces background (physics and
combinatorial)

Top ITOM lEPLON+jEL  SN-ATLAS2004-040

Br(tt - bbjj £ v)=30%
for electron + muon

Isolated lepton P;>20 GeV
E,mss>20 GeV

« Hadronic side: W from jet pair with closest
Invariant mass to MW

« Require [M,,-M,|<20 GeV
o Ligth jet calibrated with M , constraint

4 jets with E;>40 GeV AR=0.4

>1 brjet (€,260%. I, =102, r =10")

Assign a b-jet tothe W toreconstruct M

top

« Leptonic side Using remaining ¢ +b-jet, the leptonic
part is reconstructed

e M, ,-<my>| <35 GeV

« Kinematic fit to the t t hypothesis, using M,,
constraints



(@i Top Mass from Semi-Leptonic
A
<

o/ ndf 6011 / 8
190 | P1 0.9994
g B 190
= T = L
180 |- 5 -
- a L
L FE0 —
- = %[
170 | A —————
B 70—
160 — B
ool Ay P NI N N R
160 170 180 190 a LoD 200 b 300 a éun
G 1t
M " (GeV) (top) (GeV)
top

»Linear with input Mtop
> Largely independent on Top P;

Simonetta Gentile
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= Systematics from b-jet scale:

“Tob masses e ey Source ATLAS
%182 p1 71.81+ 4.155 10 fb 1
.z . .
§17s§ / ) - b_Jet SCale (il%) 0.7
Final State Rediation | 0.5
e Light jet scale (+1%) | 0.2
o b-quark fragmentation 0.1
e 3.5 million semileptonic events in 10 fb-! Initial SFaIe F%admﬂon 0.1
(first year of LHC operation) Combinatoria bkg 0.1
TOTAL: Stat [ Syst 0.9

Dominated by
o Jet energy scale (b-jets)

3 oCNoo! O Physics 2005




