[* Before we start

s ¥ Warm thanks to the Organizers

iggs Physics at L

C is wide

- Special thanks to the Organizers

- Warmest thanks to lots of people for
valuable discussion & inputs

* F. Gianotti, M. Cobal, S. Tapprogge, A. Moraes,
E. Chierici, T. Lagouri, F. Charles, P. Traczyk,

S. Shmatov, P. Eerolaq, ...
| o .
v Try to be exhaustive

£ ®  Hope not to be exhausting

i .
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1'ron Higgs Physics

S\ ol {‘ ~ L. Poggioli, LAPP
Standard Model physics"gﬁ
W mass, TGC, TGC, QCDZA $
L S %Supersymmetry |
& Inclusive, exclusive, Models
»3% *Beyond™Stahdard Model

= = . B
Technicolor, Extra-dimensions

New particle}’,j ” -
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What we know

from n, decays\‘

Ge (1) | ) L/from meson decays

from direct F M nion=19) v

2L @measurements SM —
(17 parameters) predictions (down to 0.1% level)

not discovered yet—" M |

®  No observable directly related to m:

® dependence ’rhrough radiative corrections
A “H

hW

a4 67I_-/I“|£I In(r;nm/!mziw
: H W

| » ~ By making precision measurements

2 ® - Getinformation on the missing parameter m
-® - Test the validity of the Standard Model

-4 1MEPO4 - 2/03/04 L. Poggioli




Where we are

v'dm,, Om,, dominates
in the EW fit e

my < 211 GeV @ 95% CL
v'Perspectives at  _

Tevatron run IT & 80.4-
om,< 2.5 GeV ; omy <25 MeV F
= omy/m, < 35%

v’ Today

80.51

80.3 1

m,=174.3 +5.1(exp) GeV 80.24

LEP2, pp Data

— T T T
1 —LEP1, SLD Data

Preliminary |

m,,=80.426 +0.035(exp) GeV 130 150

v At LHC ?

170

190 210

- Importance of SM precision physics
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Expectation : SM processes

Farmilah S5C

Ecm Lumi | Int. Lumi/y cemy | e |
TeV | cm3st fb- e

2 <1032 0.3
14 2x1033 10
14 1034 100

Process o(pb) Evts/s | Evts
/y et

bb 5x108 | 106 | 102 | F e
1.5x103| ~3 | 107
1.5x104 | ~30 «+163%- L L S )

6 6x1 ' o8
03
tt 107 |

H(700 GeV) ARk

0001 0o A
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*W-pair cross-section is oo low
-Smgle W: no direct m,, determination

(neutrino) but huie statistics
beam line

ATLAS fast simulation

45000 -

25000 | Selection efficiency: ~25% with
20000 | ‘pr>25 GeV
: it .ETmiss>3O GeV
_. ‘ . .
[ etector smearin 'NO JeTS WlTh pT>3O Gev
®» Recoil |u|<20 GeV

e still 60 millions W/y-e after selectio

A anevtnce mass (G (50 times Tevatron)
V/y as a statistical uncertaint

®
*
e

-> <2M
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- Physics: W width and angular distribution,
structure functions

- Detector: lepton momentum, E resolution,
recoil spectrum

® /Learn from Tevatron

|
- Systematics from detector simulation ->
Use data sample for in-situ calibrations

- Huge statistics from control samples
(Z -> 1)

- Better detectors (acceptance, resolu’riorg
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g§° Detector systematics
v LZPTOH E/P scale Last () 7y v 1 dof =089

& o E

- 0.02% needed
- Use Z-see, yy or Y->uu

v Lepton E,p resolution =

0

[Tl | 1
5 &0 85 90 sl L0 L05

- 1-2% needed M (6
- Use test beam & Z wud’rh reconstruction
v'Recoil modelling

- UE + detector
- From Z->ll data

(3 et

pS) | [ R S B B
o

1 11
2 9 96 9.8

& LD, LD.E
2
Mml (GeV/cH
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g2 Physics systematics

- P+(Z)/p+(W) to model Monte Carlo
=® - UseP;(Z) from Z->ll

| L .
: 7 Uncertainties on parton density funcs
S Compare models, constrain from Z,W data

. Implicit SM assumption
® v W width n_0iu BROW — (V) ___» to determine I'y, from LEP
® - Use gz BR(Z —»ff)—_ From LEP

g2 0.3

= ® ./ Radiative decays "%t
® From W-l vy 03 |

- s Z— p(p)

| o Backgrounds | S
l » — ChecksonZ & W->1v I N

o0 loo Lo [20
Transverse hass (Ge¥)
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|®* After 1year of LHC

Run 1A
Source Amy, (CDF)  Amy, (ATLAS) Uncertainties per
Statistics 145MeV <2 MeV exper iment / year

E-p scale 120 MeV

Energy resolution 80 MeV
Lepton identificatior 25 MeV
Recoil model 60 MeV
W width 20 MeV

Parton distribution 50 MeV
functions

Radiative decays 20 MeV

P 45 MeV

Background 10 MeV

TOTAL 230 MeV
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|* TGC : Basics

s v TGC WWYy, WWZ are direct test

- of non-Abelian structure of SM w3 ..
\: v SM description via 5 parame’rer\gﬁﬁ:iz,z
°* - g'z, Ky, Kz, Ay, Az

=9
= ®

- At free level gly=k 7kz =1 A=A, =0 (from

| . Gauge and C, P invariance) o
! » “ Anomalous £* o |
2 ® contribution &-|
= ®  _ Deviation from. |
l o SM values
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g TGC : Reach

} & ¥ Variables used

=9 - Wy (my,.In*]) & (py.6%
- : - WZ (myz. Inz*|) & (p+%.6*
} o “ Results

- Using max-Likelihood fi

to myy® |ny*|
v Systematics

- Small from low p+
bckground (physics at high p+)

- Arises from pdf & higher order
corrections
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}:i Top
\\d 4 *oducfion

‘Mass: measurement

Commissioning

L3 —F
e F=5
‘g - g -J —
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i Basics

: o/LHC will be a top factoryje:
$® .0(107) t-pair/y
.»Palr production e
P ‘t -> Wb (99.9% BR) [ !
:‘ : -Final state ggqbblv GOLDEN . onstruction frigger
-10° evts/y
| s'Reconstruction
=® .Starts with W

-Issue is b-jet tag

-‘Reduces background
40% for r, 4 =10-3,r, =102

. 1vrros- 2303/04 " £ Poggioli

BR~30%
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Top mass reconstruction

rec.,my,

o=T1.8GeV

rec. m,

o= LL9 GV

Evenlsid GeV

i

(\
AW 7>

7

|
r

"

Ll b b by 170

L&D LA L&D R4
input m, (GeV)

AN EN N A AN AN A AN NN AN AN
Loa 200 300 400
Pillop) (GeV)
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Systematics
\/Ligh’r jet and b-jet energy scale

* Fragmentation, non-linearities, &JE m Setore cabratin

+ Jet energy calibration — - eredtbreter
‘W mass in the same events (top) -
* (for b also) Z— ¢/ +1 jet (ISR gives [
problem) or y+1 Je‘r i
B @!7% uncertainty translates into <500 MelV ;s
.sysfemaﬁc on the mass

o” b fragmentation function °*

? » Check by varying fragmentation parameter
| @ ‘May depend on reconstruction method

. :\/ISR and FSR

‘FSR give large variations in mass (2-10 GeV on/off)

-Trade statistics to be less sensitive to radiation?
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igh P+ 11 events (dedicated analysis)
- Hemisphere separation (background reduction,
less combinatorial) e M e TotE

. . - O UEsubt
- Jets overlapping issue joof g OvFEm
*Dedicated algos to be used 0 [ UE subtract

- Less prone to QCD, FSR, calib.
-Stat. & syst. under control

*/Leptonic channel
® Bothw decay leptonically

‘Cleaner signature but less info. (neutrinos)
. 9 Determine m; from m,, or m,,
! ® ‘Rely upon correct MC description
*Main systematics become b frag. and radiation description

. : ‘More sophisticated procedure for fitting whole event
i . Y Others (o,; & exclusive b-> J/W¥)
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statistical . g e e
light jet E scale |

b-jet E scale

background

‘Most systematics are unfortunately ATLAS/CMS correlated
*Also different analyses have very similar correlations...

1 GeV error should anyway be achievable
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g2 Consequences from m, & mW

RZPZGT the EW fIT o —LEP1,SLDData

6mW:15 MeV; 6m’r 1GeV . 0 LHC Data
-Current central values |
assumed

‘With experiment driven Aa, 4 |
=m, = 63?; 80.2

Preliminary |

130 150 170 190 210
(omy/my = 32%)
*Using also Aa,,4=0.00012

+® —=m, =73 Chances of ruling out the SM !

-
(dm,/m,, = 25%)
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§° Couplings and decays

v Top behavior as expected in SM?

- Yukawa coupling measured
at <20% from ttH evts

:/Accor'ding to SM
- Br(t - Wb)=99.9%, Br(t - Ws)=0.1%
e  Br(t - Wd)=0.01% (difficult to measure)

2 e/ Many decays outside SM implies
£ ® anomalous couplings

- Many channels (ex. FCNC) have clear
experimental signatures

- 1->Zq, yq sensitivity O(10-4)

B4 1MrPo4-2/03/04
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- Reach Br'(T = Hq) 45 X 10-
For m(H)=115 GeV (100 fbt) -

| o7 New: t t - Hq Wb - |
® WW*q Wb - (v Ivj) (Ivb)

> 3 isolated lepton with p; > 30 GeV
© py™iss > 45 GeV £ oz
- > 2 jets with p(j) > 30 GeV, :
incl. >1 b-tag jet b
- Kinematical cuts making use of ‘

angular correlations
+® - Reach Br(t — Hq) = 2.4 X 10- =
=®  for m(H) = 160 GeV (100 fb1)...:
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|2 EW smgle t quark production

( not yet o serve

HM

GW*N 10 pb

oy~ 60 pb
Process S/B AV Vi, -
* Probe the t-W-b vertex eidtisticd)

* Direct measurement Wrgluon |- 4.9 0.51%
(only) of CKM matrix Wt : 2.2%
element V,, at ATLAS | W . 2.8%
 New physics: heavy W'

» Source of high polarized t

- Background: tt, Wbb, Wjj

IMFPO04 - 2/03/04 L. Poggiol




[* Commissioning studies

v At LHC startup

‘Detectors not complete, crude calibration
& alignment

®
v'Why top is important at LHC startup
‘Large statistical sample available

‘Allows to tackle fundamental issues from

physics & detector
- Study of isolated, high p+ electrons and muons
-Jet calibration & energy scale with W - jj
‘b-tagging and efficiency studies

‘Major background for most Higgs searches
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2 Jet energy scale

| @ mt=17ﬂjj,D

=5 _ EDG
| mt—<mjjb-mjj> +MW

0.9 l 1.1
Scale factor for H-jet energy

e °1500 t1-bW(lv)bW(jj) requiring 4 jets above 40
| @ GeV/dayatlowL
| @ ‘Allows makings bins in P+ and rapidity for jets

o ~ Accuracy on light jet scale ~ 10% (5M; < 3 GeV),
: and b-jet scale ~10% (dM; < 7 GeV)
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g2 If no b-tagging at startup (1)

v'If no b-tagging available at startup

*Alignment problem, 2 pixel layers/3
‘Increase of W+jets bckground (x50), signal (x4)

-Strict selection of evts
‘Lepton+4jets exactly (AR=0.4)

20}
oof
gof
6o}
a0}

20

0
0 20 40 60 80 100 120 140 0 50 100 150 200 250 300 350 40(¢

3
iets selected with maxi.ﬂﬂFZ P.. 3 jets selected with maximaP; :Z P,
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[ 2If no b-tagging at startup (2)

.2V Top mass measurement

3 possible jet assignments for W(jj)b

A kinematical constraint fit can be used:

My =My, and MM,

Approximate calibration obtained with W peak
v’ Oy measurement

Fit of m(jjb)
spectrum

‘Accuracy ~10% in 2
days @ 1033

30
60O

l N IR R B el 40

o 1
50 100 150 200 250 300 330 40C

20

T 1 ~ | lg J (] 1 1 1 1 1 1 1 1 1
D rReconsTructed my so e 100 200 300 400
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!‘.."-.'.*-_h _ ——
}:‘*—j QCD

YN N '
g " MrTon kinematics

Jet physics

"Photon physucs
Drell-Yan, ;\LV_KZ_ prodqg;ugn

i .l.—Teavy flavour pr'oduchon :

', ~Multiple interac 4
=2
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2 LHC Parton Kine
b s Physics at LHC
| ® Connectedtoqég 1 0= 34 T ey
! & interactions (small & large "™
Y 9 transferred momentum) il o
‘ 2 -> Good understand lng 106%‘ """ | """
IS of QCD . < wl
o OMcross-sections ¢ -~
° Accurate measurements © |
e Will further constrain T
" - the pdf's. i
| o (x,Q?%) range
e Wide
: ° Thanks also to large x

acceptance of LHC detectors (In| < 5)
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Parton luminosities and p.d.f.'s
Naas(PP = X) = Ly X PO (%, Q)X O (.59 X)

® -Uncertainties in p-p luminosity (+5%) and pdf (£5%) -> 5% uncertainty
@ ° Using only relative x-section measurements -> +1% accuracy feasible

Wﬂ: &Z v precise measurements of mass &couplings
Iep’ronic v huge cross-sections (~nb);

v small background.

decays v x-range: 0.0003 - 0.1

+1%

y—jeT, Z_je'r' v y-jet studies: y p;> 40 GeV
Wi_jeal- v' x-range: 0.0005 - 0.2

+1% v y-jet events: y py~ 10-20 GeV
- e v low-x: ~ 0.0001

vc, Yb, sg—Wc ¥ quark flavour tagged y-jet final states:
5-10% v use inclusive high-p; p and b-jet
° identification (lifetime tagging) for c and b;

v use pu to tag c-jets;

uncertainty for
0.0005 <«x< 0.2
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- " Jet ET Neven‘rs
: Je.r thS|CS >1TeV | 4x10°
'® - Basics ( pQCD in new regime)-'>2 Tev 13x 10

>3 TeV |40

Di-jets properties (E+ and 1, ,) —po——
. ' ! A . ol<m=2
-> constrain p.d.f.'s G
Inclusive jet cross section

-> a5(M,) with 10% accuracy
® . Multi-jet production

=

do/dE; [nb/GeV] *

,
oy ! ! !
7
<3
5
&
&
2
%)
%,
%
o

do/dE; [nb/GeV]
=

1=

a.“". | | \ﬂT\ [ |

- 11, tTH, bbH production R Pt
* R-parity violating SUSY ~

| o Systematics

. Jet algorithm, energy scale, trigger” i i
‘_ efficiciency, underlying evt
2 ® - Luminosity (Dominant: error 5-10%) L.

0
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o; Determination

S Basms ,_gm—.m“ i
QCD check @ smallest range % ey —— Arcconstructed S49 MoV

* ag= 0.118(0.082) @ 0.1(4) TeV  o.0s

Can't compete with precision 01 |
measurements from e'e- & DIS *™ |
(gluon distribution) '

0.085 -

Measurement 005 | e
do 2( R)A(ET)+aS3( R)B(ET) tILO 0.073 1000 2000 3000 4000 5000

dE, Eq(GeV)

A and B calculated at NLO .
with input p.d.f.'s. Systematics

Fit to measured inclusive * pdf set (+3%),
cross-section gives * A and B parameters

- Renormalization &
as(Er)for each E; bin - factorization scale (+7%
= . IMFPO04 - 2/03/04 L. Poggioli 35




j JDirect photon progu

\/ Basics

- H—yy signal & backgrounds  §
- Study under'lying parton dynamje:

- gluon density in the proton f (x)-
(good knowledge of a, needed) N

10 g

\/Produc’rlon

200 400 600 800 100

4279 Compton, dominant pr (GeV)
qq9—78

®Background (a° —yy )
® ‘Fragmentation effect (non-

perturbative QCD)
‘From calorimeter + Tracker

10;

e Allys
- Unconverted y's
Converted \[s -
r- -1

=

Efficiency

- - — = | L
=y +—0—+ _.,_._-0-

e~ .- ++_¢_| + ++++ '+J

I |

- J
X
e ® €£-80%, Ry, =105 for H (120
= ® GeV)—>W
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j°Drell-Yan, W/Z pr'oduch

0\/ DY production of I*I

® -10*events for L = 30fb! (m,,

=® 400 GeV)
® ‘Q251.6 105 GeV2 2.3103«x< 0. 34 )

®/W & Z production at LHC

i .

=
o
N

dc/dm (fb/Ge

Huge & clean samples
~10° events with W (p:% > 400

S
)
S

BR x do/dy (pb)

GeV) for L = 30fb!
‘Q? ~6(8) 103GeV? 310*%x< 0.1

= ®/ W+ & W- production
= ®  .Difference in yW

/‘ [ | 1 | | 1 | | 11 |
--> constraint on proton g, g densfit
B4 1MFEPo4-2/03/04 P L. P?gglq Y
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j * Heavy flavour production
. .\/Prhoducflon & Reach Process | o (nb) Events/year

(L = 10 fbY)

‘Dominant production b |5x10s| - 10
mechanism for heavy quarks [ 0.8 ~ 107

(b and t) is g-g interaction  LHC: Heavy quarks factory! -

- Accepted y+jet(u) events in 10 fb™

-> constraints on g density .
¢ and b quarks |

*c(b) g — c(b) v

‘From photon-jet samples
-Jet flavour by using inclusiv
high-pt muons & b tagging .

c —> u+X

o i muon spectrum of selected events |
IMFPO04 - 2/03/04 L. Poggioli |




UA2 &CDF have measured
double parton interactions

(p cut)_ O,0g _ .+ has a geemefr'ncal origin
! 20, parton correlation in transverse

: : space
op increases faster with - Energy and cut-off independent

s as compared to o¢ -
-> MPT enhanced at LHC

Source of background

* WH+X— (W) bb+X
- W+ jets
- final states with many jets
pmn~ 20 - 30 GeV
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[* B physics at LHC (1)

-® Precision measurements of B-hadrons

- CP-violation parameters

- B-hadron parameters: Masses, lifetimes, widths,
oscillation parameters, couplings, b-production, etc

- Search for New Physics effects: very rare decay
modes, forbidden decays/couplings, etc.

- "OIld" B-trigger, single 6-GeV muon
- Event rate is 4 kHz at 2x1033 cm-2s-!
- LVL1 trigger-muon also provides a clean flavour tag

-
i .
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- Not enough processing power @ startup
- Rate limited to 25 kHz
- -> Increase single-muon threshold

v -> Strong & Negative impact on
B-physics @ startup in ATLAS & CMS

>
v Consequences (at least for startup)
- ATLAS & CMS will concentrate on high-P+ physics
- LHCb will cover extensively B-physics
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o Conclusion

C will probe unexplored kinematic
regions & with huge stat. (W, t, jets)

v"W mass can be measured to + 15 MeV
i o ¥ Top
- Mass can be measured to + 1 GeV

- Access to couplings

- Single top -> access to Vi,
] . < v Anomalous T6GC sensitivity
2 # v Systematics
=® - Detector & Physics

" ® - Being studied with extreme care
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