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What we (think we) know

R. Chierici
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No observable directly related to m,,. However the
dependence can appear through radiative corrections.
= tree level quantities are changed
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The uncertainties on m,, m,, are the dominating ones in the electroweak fit

By making precision measurements (already interesting per se):
* one can get information on the missing parameter m |,
« one can test the validity of the Standard Model



The top quark

F. Margaroli
decay kinematics cross section
t'—Wq search resonance production

T—tAy search Arg
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Top @ Tevatr()n (I) F. Margaroli

Observable | Measurements | SM expectation - Cross section
M, (GeV/e?) 170.9 + 1.8 178+12 measurements:
o, (ph) 7.3%0.9 6.7+ 0.9 combination gives 15 %
F, 0.59 +0.14 0.70 Improvement with respect to
F, <0.1@ 95% C.L. 0 the best measurement alone
gg/pp 0.01£0.16+0.07 0.15 Mass of the Top Quark (*Preliminary)
Measurement My [GeVic’]
o, (pb) 49+14 29+04 - T 6744114
Dl did 1: 168.4 + 12.8
Non SM process Limits COF-Il dil  —@—ti 164.5+ 5.6
D& di-l® o | 1725+ B.O
(BRxo) <1 pb @ 95 C.L. COF- 14 o 1761+ 7.3
resonance .
for M > 600GeV/c? D2l I+ | —o— 180.1+ 5.3
COF-II l4j* .I: 1700+ 25
- Mass measurements with two Dol . 705 BT
. . CDF-l all- ! —— 186 0+11.5
techniques: Matrix element and Template COFl ali - 711+ 43
methOd COF-Il Ixy : ™ 183.9 + 15.8
: ¥ Idof = 8.2/10

Tevatron Run-I1* m
i

Error below 2 GeV (Run |l design e o

goal)Further improvement expected M, [GeVic’




Top @ Tevatron (II)  : vagaror
SINGLE TOP:

q t i i
W+
® Allows measurement of ¥y e ¢
b
q" b g b

® Background for Higgs searches

Matrix Element Discriminant Boosted Decision Tree
COF Run |l Preliminary, L=955pb" 5 _ s
L ' ' e — Y eom DO Ruyn I Preliminary 910pb’ q El’ldﬂﬂﬂﬂ "f
200 1| Wb ske ] E i ;Ht::m‘l‘rﬂl -:;lf:ﬂs h l
£ om =% %| s+t channe
s+t channel 8 150 i fake-lopton

]

o=49+14pb
%& 3.4o from

background only
hypothesis

=» Evidence!

_7 7+15
o=2.7+1> .pb % ool

obs p-value= 2
1.0% (2.3 0) Sor

d 1

] 0.2 0.4 0.6 0.8 1 o

Evant Probability Discriminant
0.68 <V, |<1



Top @ LHC A Dot

1.96 TeV 14 TeV
«170p  LHC goal: reduce error on mass
o 582012 ph s | ooy Measurement down to 1 GeV
(Sti_”ci':nt:;) 1.98+0.22 pb 245£17 pb 200 Statistics will not be a problem:
Single to 60+10 pb _— —_ —_
(Wt?:ha?mil) 0.15£0.04 pb (sara’ sc:pertzaLHC) (x400) 1 tt/SBC @ L —_— 10330771 28 1
Wi () ~1200 pb ~7500pb | (x6) Precise measurements require good
bb+other jets (*) ~2.4x105 pb ~5x105 pb (x2) knOWIedge Of MET’ JE81 b_
e o e e iy tagging.....

But... top quark can be “rediscovered” already
during first weeks of run

Udine Top mass recanstnction Tt (righst pisum) + fow ol ‘_ATLAS
Based on detector construction 100 pb-*
quality, test beam results, cosmics top
and simulation W+4 jets

Simple analysis with few robust

selection cuts and no b-tagging
!




W maSS P. Mastrandrea, M. Malberti

e [ma o Test of SM combining precise
W = V GFV@ =in QH,“'V-""]_ —L\r\] f(mTOpE'IDQ(MH)) measurement Of MW anmtap

and a direct measurement ofM g

;omparable Impact "My AMy ~ 0.7 x 10~2Arnigep

“v AMie, < 2GeV = AMwy < 15MeV

Traditional methods (Tevatron)

° pgr sensitive to pgw but less to detector effects

o Mk = \/ 2004 (1 — cosfy,)  sensitive to detector effects

Binned likelikood fit including also MET

W/Z ratio (CMS):

predict lepton spectra from W decay using Z data (systematics cancel in the
ratio)



P. Mastrandrea ( ) CDF Runl 80433 + 79
D@ Run | ——
80483 + B4
New result from CDF: DELPHI 80336 + 67
. . ——
Single most precise - 80270 : 55
measurement up to date ot 80416+ 53
p ALEPH ——
80440 + 51
CDF Run Il {prel.) 80413 + 48
H"H =80413 + 48 MeV World Average 2007 -8 50398 + 25
80100 80200 80300 80400 80500 80600
M ) M al b e rt| W Boson Mass {HI'WEI}
ATLAS AM,, [MeV/c?] _ p
Source of uncertainty fc:: 10 b1, CDF Il preliminary L =200 pb
[Ea N0, Sy Uncertainty [MeV] Electrons Muons Common
Statistics @ o
Lepton Scale 30 17 17
Background 9 Lepton Resolution 9 3 0
lepton E-p scale 15 Recoil Scale 9 9 9
' u, Efficiency 3 1 0
Total Inst tal i
o ns- ramen| <10 W=y Lepton Removal 8 5 5
Recoil Model | 5 Backgrounds 8 9 0
PDF I =18 p(W) 3 3 3
Foy 7 PDF 11 11 11
Radiative decays <10 QED 11 12 11
pr S -
Total <25




The ElectroWeak fit

My =T6%33 GeV
My < 144 GeV (95% CL)

A(SLD)
sin“0P(Q,)
my,”

|y

Q(Cs)
sinzem(e’e’)
sin®8,,(vN)
gtivN)
gr(VN)

LEP EWWG, march 2007

*preliminary

2' 3
10 10 10

M, [GeV]

R. Chierici

= 144 Ga¥
B T & mum"

(5)
Al =
— 0.02758+0.00035
-+ 0.02749+0.00012  ;
+++ incl. low Q° data m

2_ -
] / .
0 ' Excluded . 1";. Prellrnlnary'
30 100 300
my [GeV]

Taking into account LEP limit:

My < 182 GeV (95% CL)

Only hadronic asymmetries (and
NuTeV) push for a high Higgs mass !

Removing hadronic asymmetries makes
fit very good but clash with direct search
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P. Mastrandrea

ETTT T | 3 e
= et 7
—Exm,l’ _ - ;
i Ty . MLM (Alpgen + HERWIG) - @ | povoo | poooo
EA The eeeeee CKKW (Madgraph + PYTHIA) = AC)\ | g ACD\ | 9
- :"1 ._hi Total = normalized to Data 3 \ \
= = "*¥i _ ineach jetmultiplicity bin = ] ]
1 T - Jets reconstructed with JetClu algorithm
:_ E 'u-.l.-r: '_]_!' _:
Eatet iy : | E Ejet
f":;; “f* - T < 15 Gev |,,?jﬂt| < 2
= l —I— E 10° = CDF Run Il Preliminary
i_ | L{— | | | | | | —i g g gf_fiﬂ;jgtﬁwf ovic?
0 S0 100 150 200 250 300 350 3 10 el PR
Jet Transverse Energy [GeV] “E = P > 30 Gevic, [y™] < 2.1
= 1oL AR(ejjet) > 0.7
q 7 / g 7 < I 1;— O MCFM GTEQS.1M ﬂ‘:“’n
Fopn e of TR T
' . Foemn p=p,/2
_CD\q e il Mg 10-2;_ -- ;’Dlro;uncertainties
N N = |
et . $ 1.22—
it 5 30GeV || < 2.1 £
5 085
. . . 0.6—
Jets reconstructed with Midpoint :
- 2 13p — Parton-to- |
algorithm (R=0.7) 2k \ﬂa
11E
Good agreement with NLO with NP | , '
30 100 200

corrections

P [GeVic]



Minimum blas and unaerilying
eve nt l. Vivarelli

Minimum bias: generic pp interaction with minimal trigger

Underlying event: all that does not belong to the hard interacti
(multiple parton interaction, ISR, FSR....) II]_—_examp e of MB+UE
tuning:

Use Pythia 6.2 and data from

=
] I 4 PYTHIAG214 - tuned

2 6F O PYTHIA6.214= default PYTHIAS 214 - tuned
Z . PHOJETLIZ PYTHIAG.214 - default

oo/ 200 GeV to 1.8 TeV
o e / Extrapolation at the LHC is

dN_, /dn at n=0

locs: =
4 F ==

| ®UAS and CDF data i
F 4

I of extremely model dependent:
I O v 2 |
Y g ; MB: 35 % uncertainty
T e on number of tracksnet= 0

© | (d) Vs (GeV)

UE: 80 % uncertainty on

= 12 =
S [ 4PYTHIA6214- tuned 2 [ aPYTHIA6.214-tuned
] — - L
s 10 | =PHOJETLI2 S 10 [ = PHOJETLL b f k d
: i number of tracks an
E 8 . E 8 :_ Tw__nnwf;&ﬂ+-i*la1':+++++++++{‘+ <pt>
H 6 C a M"‘“*r‘”*ﬂc.;_¢*“4'i-++'r+++++++«i B 6 [ -~
£ [ E [
2 f - S bl 4 measure MB and UE from
L. .d__....-w-...'-d"v-‘*‘.‘**ﬂ'*i"i' Y I : .,0"".“'-‘-. R ++’+ |
2 Eo 2 data
[ LHC prediction [ LHC predi
[
0 10 20 30 40 50 0 10 20 30 _ab 50
Pt leading jet (GEV) Pt leading jet (G-E\‘r]



Developments In jet algorithms

M. Cacciari

Fast implementation of kt algorithm (fastjet) .
“from N“to N InN

New practical seedless IR

o SISCone
safe cone algorithm: G. Salam, G. Soyez
(2007)
Fraction of events failing the IR safety test Time taken to cluster N particles:
S -+ -+ COF midpoint (s=0 GeV) K ' -
JetClu 501% 10 s 0} 777 TEmweneTOn S
SearchCone 18.2% [ e . N
MidPoint 16.4% 1}
Midpoint-3 15.6% z
E
PxCone 9.3% s or
Seedless [SM-p,] 1.6%
0.17% Seedless [SM-MIP] oy
. I ms
— 1 LIRI8] |

10°° 107 107 1072 107! 1 100 Tf'” 10000

This is a new cone algorithm (results can differ)



M. Cacciari

can be
defined

Once an IR safe jet finder is
defined and implemented in =% JET AREAS
a reasonably fast way

The ‘active area’ of a jet is (proportional to) the
number of uniformly distributed infinitely soft

particles that get clustered in it

rapidity-azimuth plane A concrete example:

T T e . e i a 50 GeV di-jet event at the
P | i LHC with pile-up
......... o @0 Sl llilllénll! (10 min-bias events added)
el Y e L S S
S ASEE ST S S S-S B ' " median ——-
gl e g e @ a0 | o
Il ee e
O e e 25 | °
N SRR AT SN S A -
Il llelllle el el e § 20}
............................................. 2

y 3 15f
It can be used to subtract the 0 o .

. . . | 4 wall :.-.'._.
background contribution from hard jets STeTeeTTe




New results presented up tol &1

95% CL Limit / SM

SM Higgs @ Tevatron

S. Amerio

Number of events expected at CDF (1fb-1)

*H—- WW :20 (Mh = 160)

They are expressed in terms

*ZH — llbb : 5

*ZH — vwbb : 15 Mh = 115 GeV

of R=95% CL limits/SM « WH — Ivbb : 30
D.Cho, Aspen 2007
40p Tevatron Run Il Preliminary ® R=1 with 3 b1
8 -s===« D@ Expected Ldt=0.3-1.0 fb-‘l,.' for Mg = 115GeV
so RN " CDF Expected »seems difficult

n_% mmns Tevatron Expected
25/ “_l-‘% wmm= Tevatron Observed
>
w

20
15 ot
10|

5

; T E T T T T AT T TS AT N W

?UU'”"[' 120 130 140 150 160 170 180 190 200
m,, (GeVic?)

® R=1 with 5.5 fb~1
for MH = 160 GeV
»seems feasible

The above limits do not include
— new CDF ZH->lbb *

SM - new CDFH->WW results +
— new DO WH resulis *



SM Higgs @ LHC

M. Sani
Expected discovery capability at the Q - _1
LHC with full detector simulation 5 A Sy 2 E0
Vo F i~ D
= N T e
| o / I
_ o 210 A/ A | L
e 0.2 fb=! exclusion limits start o [ X /’}\ \
- Ill.t\l f | i \_
ot f’ b Y §||| /] \
[ \\ | \\

o 1fb! discovery possible LA

" My ~ 165 GeV M
H (2008 ?) '

e 10 fb=! sMm Higgs
discovered or excluded in the

—es— H—yy cuts
. H—ZZ-4l
—— ggqH, H=WW-—hijj|

—— qqH, H—yy

— H—yy opt

= H-WW-2I2v

o— qgH, H—-tt—l+jet

full mass range (2009-2010) too
ttH - full detector simulation and

better background evaluation
lead to more pessimistic view

NOTE
THAT:

|

Note even considered in CMS TDR

Significance

300 400 500 600
M,.GeV/c

60 fb! |

0.2



..... and now theory ....



New — .
pp— H(—=bb)+2i+7 5 e

channel: ‘ a
Constraining Hbb coupling at the LHC: use VBF W
Potential difficult to require a further W

==y central photon
assess Wz
From QED naive scaling: q q

(S/VB)|tyj; ~ Va(S/VB)|uj; < 1/10(S/VB)|rj; but....

destructive interf.s in central y emissions
off qin and gfin in a t-channel gluon diagram

Y emission
mm) bckg suppressed by from bbpalr
requiring a central photon suppressed
by O(1/10) compared to by b electric

naive QED scaling!

charge




B. Mele

basic cuts : -F-"‘ aetesdl SLEN BLELELELES BLELELLIN NUN
_ . > \ solid: Hjjy
Py > 30GeV, pr>30GeV, ARy >0.7, g N dot—dash: H j j
| <25, |m| <25, |n;| <5, = . dash: b b jj7
mjj > 400GeV, my(l - 10%) < my < my(1 + 10%), TRy N dot: b b j j
{1) p} > 20GeV, 3 .
2) pr > 30GeV, then, look at distrib's : .-g 0.00050
do da do do do 5
dmy;’  dpf’  dp}’ dmyg’ |An| > < -
» N ~J
==> add optimized cuts : .
0.00010 NN =
m;; > 800GeV, pi >60GeV, pi >60GeV, N 1 1 ™
|An;j| >4, m,g >160GeV, AR, >12. 000005 e 1000 1800 2000
my (GeV)

bekg(y)/bekg ~ 33 fb /103 pb ~ 1/3000
’  cf. signal(y)/signal ~ 1/100

S/VB~2 for 100 fb~1

Factor of 2 improvement expected when parton shower effects are
Included



NLO calculations

e | O predictions often affected by large uncertainties

NLO corrections required to reliably predict cross sections for
signal and background processes and to quantify theoretical
uncertainties

NLO corrections obtained by combining:

- V: virtual n-point amplitudes

- R: real n+1-point amplitudes
- R+V: combine to cancel infrared

singularities
e NLO calculations performed over a period of 25 years

but...
Progress is slow (from 3 to 4 jets iate™ took almost 20 years !)

More legs implies more scales=»  lengthy expressions



Efficient technigues exist to compute tree
amplitudes

The way to handle and cancel IR singularities is known

BOTTLENECK: One loop amplitudes for many legs

Techniques to compute virtual corrections imply reduction of
tensor to scalar integrals that involve large intermediate

expresgins and sPMiieys singularities
calculations:

— 11 4+ jet S. Dittmaier, P. Uwer , S. Weinzierl
pp t]) (2007)

wasy traditional method

P — ZZZ A Lozopoulos, K. Melnikov, F. Petriello (2007) ==y sector decomposition

OPP: REDUCTION AT THE INTEGRAND LEVEL G. Ossola

. . s N q
Write loop amplitude as A(g) = DaD ( }) 1
) oDy Dy
where D; = (g + p;)2 — m;z

bar aenotes , |,
objects




numerator can be organized as:

G. Ossola
m—1 m—1
Ng) = Y [d(;u;'l;m) + d(q; ioiy ,'2;3}} [ o a,b,c,d correspo_nd
io<ih<ir<iy i#i0,i12i2573 to 4-3-2 and 1 point
m—1 scalar integrals
+ Z [C o -‘2) + C q ol 12 H D,
0<h <t #osi,h2 the remaining
m—1 Ay —
terms are
+ D [ (ioi1) + b(q: ion) ] H D; . L
Eﬂ{.’l i#lﬂ '1 Spurlous

— m—1
+ S [atio) + 3(a: o)) [ £ computation of N(g) reduced to an
' 7 algebraic problem

+ P@ ]I D extract all the coefficients by evaluatind¥(g) at
special values of the integration momentum

Massless case: [+ + — — ——] and [+ + F—]
Suitable for numerical | s
implementation sixphoton -
amplitude 000
Comparison with known .
results by Mahlon o sooof RYTTTLLLIIVN
6000 .l' ..
Similar results for mg # 0 oo e

0.5 1 T.5 2 e 3



VVvia VBF @NLO

py =20 GeV, || =45

Background for Higgs search in Tagging Jots
VBF Ayj = lyj —}i%l' > 4,
] ] ) Yi - Yp =
NLO corrections computed and implemented in a| Charged Leptons pri > 20GeV, |g] <25
; . . . Yimin < 1 < Yj,max
parton level MC with inclusion of leptonic decay "AR, > 0.4
Higgs on/off Myy > My + 10 GeV
(WW,ZZ continuum only)

VBFNLO due to release

00101 /. @+ 12
- I \. J [
gt I."Ir' .1% solid: NLO | 11 Example: WW
) Iu': Y, dashes: LO o
[ar) III"J "E",: 1 ..g o
AR AN I NLO effect is not
g .ﬁg'f’ “ 0.9 “  large but strongly
] L N .
) o] ool dependent on ppex,
U.DDD"'I""I""l"" e o o 00 e sy
100 200 300 400 100 200 300 400
PT, tag [G€V]

P, tag [GeV]
@ Strong change in shape — shift to smaller pr at NLO

@ Mainly due to extra parton from real emission
@ K-factor varying between 1.2 and 0.8 (20 GeV < pr < 400 GeV)



J/v and T production at NLO

Write production cross section as

oop— Q+X)=Y / dz1dzafip ;e X0lid — (QQ)n + 2] (0|02}
£,7:1 ‘

partonic cross section

F. Tramontano

NP matrix element

The leading contribution in NRQCD is given by the ?81 color singlet state

LO

NLO

g -

. &

NLO effects are large

)

do/dpy [nb/GeV]

10%

100

10~

LL_ —_
_'
i -  T/TtTC Lo
. ! — NLO
- -l-l-l_ -'L‘-r =
e 3 LT
T e
.. - ——
oy ", -
||| |='-|| |'i"-|-|| |||| |il-|-
10 20 80 40 280

LHE Vs-14 TeV
Tevairen vu-1.98 TeV |
g » "sllen) » Jiv + X
px=py=¥ (@m)* + py’




Elecltroweak logarithmic
. E.
COrreCthnS Accomando

In QCD Initial state always averaged (summed) over colour
cancellation theoreims at work for inclusive

On'thlér%ﬁﬁ%ﬁ initial state has always definite EW quantum

numigfge logarithmic corrections of the form T
appear even for inclusive processes: they increa(sewwith

|

energ . . .
Relevant in ¥he same (high-pt) region where new physics should show
up de [fb)
Example: WZ production R _ |
005 F PW cross ﬁgﬁgﬂ y
Strong interplay with QCD effects : -,
with a jet veto el S,
003 [ i %r
EW effects can be in § f ; Eo4 %
» some cases as important EOF L w B
as higher order QCD 001 j N e, %‘}‘*‘m
oL b b b b b b 18




Hadron spectroscopy S. Nicotr

Many new hadrons recently observed irte~ arePf  collisions

open charm:

o D, ;(2860)

hidden charm:

o X(3872)

What Is 1t ?

Observed in ete™ — DK

Qf — 8 =85+ for mg—oo

data and theoretical predlctlons In the
heavy quark limit suggestsf = andf = 3-

Found in J/®%atn™ inBdecaysan? collisio

not seen in eTe~ annihilation
mass coincides with

D*ODO
S
;ﬁbﬁ&ular bound state D*0 o
- charmonium ? X — DD~y can shed light

- gqqq 7 on its nature



Summary

We are eagerly waiting for the LHC but in the meanwhile....

...new nice data from the TevatronMw ™Titop and much
more to come

Miop . SUCh a high precision challenges us
to reconsider our top mass definition

—

From theory: ongoing effort in improving theoretical predictions

- new NLO calculations

- new technigues

More realistic physics studies can lead to surﬁrises
€.0. yrpr channel in Higgs search at the

LHC
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