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'-C‘M‘S “ The CMS detector 'NF/'P

CMS
- Compact design thanks to 3.8 Tesla Compact Muon Solenoid
superconductiong magnet [innER TRACKER |

E.M.CRYSTAL CAL.

- Muon detector
For muon identification and momentum

reconstruction
- Inner tracking system composed of

a silicon pixel and a silicon strip detector
for charged particle tracks reconstruction

HADRON CAL.

- Electromagnetic and hadronic
calorimeters for electron, photon
and jets reconstruction

TOtal Weight 12000 t ‘ SUPERCONDUCTING COIL ‘

Overall diameter: 15m

Length: 21m
Magnetic field: 3.8 Tesla

CMS 1000
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CMS. The CMS detector: AR
= data taking at 7 TeV .2

50 Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC) 1.4 CMS Total ImeQrated Lumlnolsny 2011 ‘Marl]ﬂ 09:00 - Jul 1? 20:41 UTC)
I T T T - .
- — Delivered 47.03 pb~' :ﬂ — Delivered 1.34 fb™' | :
f'-.. — Recorded 43.17 pb” S 12— Recorded123fb | oG4
40 s
T 1 e T ITTTETT I
G e R R o 1 1) SR S SR S - SR ]
| | | | 0.6 S S i/ S S ]
20 oo R R ARSI ALRIEAL IR s KRR 8 : : ; :
0.4 oo PP b oo b .
10 o e e f 5 - 5 5
: : : - 0.2 g e b b .
& i ; ‘ i 0.0 ' i i i
29/ 12/05 25/06 08/08 21/09 Date 04/11 1‘“03 oBi““ 03105 19105 ,13{06 13101
Date

2010: 2011

Up to december '10: Up to July '11:
43 pb*on tape > 1 fb* on tape

peak instant luminosity: peak instant luminosity:
204.78 pb*' st 1.57 nb' s

Note: the analysis henceforth described uses the 2010 dataset.
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Single top processes INFN

s-channel tW-channel

3 single top
processes: q'

Focus on t-channel: q
-highest cross section
-most favorable s/b

ratio

Cross sections(pb)
(top mass =173)

15.6
1.04 0.22 2.08 1.2

(arxiv.org/pdf/0909.0037)

11.9 83.6 243 894
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C M, )

' _ INFN
Single top t-channel Y

light quark ¢’
- scattered at low
q q :
\/ angle wrt beam axis
I w t : decays to
d Wb - bgq’
b/\ Wb - blv
t
quark b :
low p_— outside
(2) = (2) (2) - (3) cuts acceptance

Main backgrounds (¢ — blv decay mode):

tt (0 =165 pb): same kinematic region as ¢-channel

W(- lv)+jets (0 ~ 31 nb ) : different behavior from W+(u,s,d,g) and W+(c,b)
Multijet QCD - [ + jets : extreme kinematic regions — use data driven estimation
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. nalysis strate
y gy Y
Baseline selection + QCD background estimation
(lepton, b-jet, light jet, MT) (fit to MT)

1 8

Top quark 4-momentum reconstruction

“2D analysis” “BDT analysis”
Based on template fits Multivariate analysis using
for signal extraction boosted decision trees

"4

Combination of the results
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CMS. Event selection:
— | physics objects and Particle Flow (-

CMS, L = 36 pb™’ s =7 TeV
T T T — —

CMS JME-10-011 __paPF method

-~ Photon scale
- Extrapolation
- Offset (2010)
= Residuals
-=.Jet flavor

-
o

- Particle Flow:

Algorithm which uses information from

all the sub-detectors to reconstruct leptons,
jets, missing energy.

Anti-k; R=0.5 PF

Absolute scale uncertainty [%)]

- JET momentum resolution greatly
benefits of the inclusion of the
tracking system.

O o N W s O N OO

—+— type2 calof, (Data) ]
— type2 calof, (MC) f ]
20 —— tcf, (Data) i arxiv.orglabs/1106.5048 |
— tcE, (MC)

—+— pfE; (Data)
— pfE; (MC)

xy

—a

- Missing energy resolution
Increases due to Intrinsicly inclusive nature
of the Particle Flow algorithm

15

o(Calibrated B_ ) (GeV)

\l]l\lll\l

10

CMS \s =7 TeV

Illlllll\lll\lll\ll

s by b v ey b b L Loy
0 50 100 150 200 250 300 350 400
Calibrated pfzE, (GeV)
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INFN

CMS, Event selecti
s vent selection
C

Leptons: Only leptonic decays are
considered (¢t = Ibv)

- Exactly 1 muon(electron) with
p. (E.) > 20(30) GeV, |n| < 2.1 (2.5)
T 0

- relative isolation for the (e): N

Rellso = (tracklso+ calolso)/p_(E.) < 0.05(0.1)
tracklso and calolso are the sum of p_ of the

tracks and of calorimetric deposits _ =_
In a cone of AR =V( A®*+An?*) < 0.3 around t v )

the lepton momentum

Missing energy due

- veto extra “loose” p(e) with p_(E)>10(15)
to neutrino.

GeV and Rellso < 0.2

e —
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CMS, :
p. Event selection
Jets
-Jets reconstructed through the anti-kt N
algorithm with 0.5 cones q \\q'//
-Exactly 2 jets with p_> 30 GeV,|n|< 5 -
- jets overlapping in AR < 0.1 with
electrons are discarded. I'w
- veto leptons at AR < 0.3 from jets I

b-tagging

- exactly 1 b-tagged jet using an
algorithm that measures the impact
parameter of tracks associated to the jet

- exactly 1 b-vetoed jet using the same
algorithm, with a looser requirement (2D only)

21/07/11 Alberto Orso Maria Iorio

Jet 1 stems from the
light quark ¢’

( / /ﬁ\\
\\\\w /

Jet 2 comes from top
quark decay.




CMS,

Events

A maximum likelihood fit is performed
on M_defined as

MT:\/(Z'PT,lepton'MET(l_COS((plepton_(PMET))>

To determine the amount of QCD after
all the cuts.

Events

The shape of the QCD is extracted from
an orthogonal control sample obtained
inverting the rellso cut

QCD estimation method

CMS, 36 pb'atys =7 TeV
1 1 1 1

25

20
15

]

INFN
C
po

22
20
18

P P |+||
% 20 40 60 80 100 120 140 160 180 200
M, (GeV)
CMS, 36 pb"at\,l'E:TTeV
L L I L L L L
- Data
— QCD
—non QCD

16
14
12
10

o N B O
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CMS,

Selection and QCD fit results

-
INFN

o’

Process || 2D, u channel | 2D, ¢ channel | BDT, u channel | BDT, ¢ channel |
| single top, t channel 176 207 (1) | 112+ 04 (1) || 17.6 £ 0.7 (1) 10.7 £ 05 (1) \
single top, s channel 09 +03 06 4+ 02 1.4 4+0.5 1.0 £ 0.3
single top, tW 31+09 244+ 07 3584+1.1 =< 0.1
W 0.29 £+ 0.09 0.23 + 0.07 0.32 = 0.10 0.23 + 0.07
WZ 0.24 + 0.07 0.17 = 0.05 0.33 = 0.10 1.5+ 04
Z7 0.018+ 0.005 | 0.011 &+ 0.003 0.020 4+ 0.006 < 0.1
W+ light partons 18.2 =55 11.6 £ 2.3 84 4+42 7.0+ 35
Z+ X 1.7 = 0.5 1.6 = 0.3 0.7 +0.2 0.05 + 0.03
QCD 0.6 +£0.3 2.6:3'; 494+ 25 53+53
VQQ 204 +10.2 14.1 £ 7.1 17.6 = 8.8 11.7 = 5.8
We 12.9 *12¢ 9.4 "33 9.2 52 5.9 3%
tt 20.3 + 3.6 15.6 + 2.8 349 4+ 49 229 4+ 3.2
| Total background 78.6 £ 15.2 584 4+ 11.0 | 824 +13.1 559 + 10.2 \
Signal + background 96.2 + 15.3 69.6 + 11.0 100.0 £+ 13.2 6.6 + 10.2
| Data 112 72 | 139 82 \

- S/B ratio ~ 1/4, 1/5
- Some differences in the BDT / 2D event yield:

>

>

>

Different algorithms used for physics objects reconstruction

2D analysis: partially derives W normalization from orthogonal samples
BDT analysis: no second b-veto, extra cuts o n A® > 0.3

21/07/11
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CMS, Top quark 4-momentum e
" reconstruction L.
L CMSBpNE=TTeV Reconstructed taking 4 momenta of
5 - Bttt the lepton and the b-tagged jet and the MET:
w 30k - Otw
F J0d
3 € &= 1) take (p,,p,, )= (MET, MET )
205— _E =;‘r+;2?shljﬂs ! !
151 I Ew
" E 2) costrain the mass of the Iv pair In to the
5E £ PDG value of M _: get 2"order equation in P,
: 100 150 200 250 300 3|€10 4%) \;1_50
e (G2) 3)two real solutions:take the one with lowest |p_ |
, L oMsEmeeT |
§ "F 4)two imaginary solutions: put discriminant to 0.
3 + In this case the 1) is not valid anymore, but
jzz_ we can still impose 2.
305—
fz_ 5)Chose va,pvaith minimum distance
%; 100 150 200 250 300 350 400 450 from the MET In the pX/py plane
M, p, (GeV)
(plots from BDT selection)
BN
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INFN

CMS, 2D analysis: ),
| (:oseIj and n, %

20

o  pSMSZORLNSETIV . 100 % left (right) polarization of ¢(¢)
g 30 = Wt zhaannel
LI>.I ; H + e ggvshannel ¢

25 e

I|IIII|IIII|IIII|III
|
S
=

o

£ 1 dI’ 1 , . .
Y = =—(14+A 0F light jet
S We T d cos 6* 2 (1+ Acos ff) HDJ_ ~

C1QCD [ (A=1)

15

10

5 CMS, 36 pb™,Ns =7 TeV
C dtﬂ :"I""I""I""I""I""IIIIIIIIIIIIIIII
, I — S 45c
-1 -08-06-04-02 0 02 04 06 08 3 40E| L
ctos(%*Ij 358

light quark recoiling against much more
massive top: non central distribution ofr]Ij e 10

- High discriminating power

; 0 05 1 15 2 25 3 35 4 45
- model — independent.

I,

)
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CMS,

CMS, 36 pb atys = 7 Tev

2D analysis:

fit to the 2D templates

—— Dala

Events
N
|

et

Signal+Background

L Il Il L L Il L
-1 0.8 -06 04 0.2 0 02 04 06 08

cosg*

Events

CMS, 36 pb ! atys = 7 Tev

—&— Dala

Signal+Background

Background

Muononly fit:

0,=104.1+42.3(stat

Events=27.7

>+24.8<

-
INFN

Lo

syst)pb~'
o\ )p

Extended Maximum Likelihood fit to the 2D template of cos6* and |r]|j|.

Dice pseudo-experiment to evaluate impact instrumental and theoreticals ystematics

Electrononly fit:

o, :154.21L56.O(stat)Jrjg'g(syst)pb_1 )

Events=25.9

21/07/11

Events

(=]
-
2
0

CMS, 36 phb ' atys = 7 TeV

—a— Data
- Signal+Background
[ Background
-

e

L 1 1 1 L 1 1 1
1 -0.8 -0.6 -0.4 -0.2 0O 0.2 04 06 0.8
cosa*
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Events

22

20
18

CMS, 36 pb ! atys = 7 TeV

!

—&— Data

Signal+Background
Background

] ] I I I
0.5 1 1. 2 25

Il
3 35 4

“ml
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CMS,

- 37 variables combined —» 1 discriminator

with Boosted Decision Trees
- five categories :

BDT analysis:

Events

1) Kinematic variables (lepton and jets p_,n etc)

2) Properties of correlation between objects in 1)

3) Combination of objects in 1)
4) Angular properties (e.g.: coselj)

5) Overall event properties (total E_, sphericity)

CMS,
e

45
40
35
30
25
20

Events

di-jet p,
(type 3)

21/07/11

36pb T Ns=7Tev

uchannel

Events

60 80 100 120 140 160 180 200
p! (GeV)

Alberto Orso Maria Iorio

choice of the variables

)

INFN
..

CMS, 36 pb™' s = 7 TeV

= data

It channel
s channel
Ow

Oa

HEwbb
HEWce

EWe
W WH+light jets
W Z+jets

% 40 60 80 100 120 140 160
pl (GeV)
T
CMS, 36 pb”,\Ns =7 TeV
L L B L B BN BN L
60 +
50
40 S (type 5)
uchannel

30

20

10

100 200

300 400 500 600

700

800

§ (GeV)
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CMS, BDT analysis:
. 8 L1 andly INFN
validation on data e
% 18005_”(5;‘/"5:3"6'55 oy T l_ E:.::1,:‘""&' All variables .and B.DT output vali.dated in
2 1600n U+e Ef\;ha""e' a control region with 0 b-tagged jets
1400F ' 186 _
1200: Qvariation E =wgg
F 1 Ewc
1000 1 @ W+light jets
C ] Wl Z+jets
800 { @w
600F 1 Hach The effect of systematics, like the scaling
400¢ : of the Q? of the interaction, could be
2035 checked on such orthogonal sample

-1 08 -06 04 02 0 02 04 06 08 1
bdt
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INFN

CMS. BDT analysis: -
= Signal extraction C

CMS, 36 pb™,\s = 7 TeV _
i Background rates and systematics effects
C 1 Mtch | . .
o 1 Dschannel parametrized as nuisance parameters.
601 HTe Jow
C _ D&
50— - Ewbb
C n BWce
40— = =w$|ighljets
- 4 W Z+jets
30— — W
20F E Signal was extracted by marginalization
10;_ E of the nuisance parameters using
- . Markov Chain Monte Carlo technique
01708-0604-02 0 02 04 0608 1
BDT output
Muon: Electron:
_ -1 _ -1
0, =89.8+40.4stat +syst) pb 0,=59.2+37.8stat+syst) pb
.
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- Most important sources of
uncertainty:

- b-tagging
- Q% scaling
- JES

- Other notable sources:

-Different signal generators

(LO matched vs NLO )
-Different hadronization models
-Different initial and final

state radiation scenarios

21/07/11

CMS, Impact of systematics

)

INFN
..

impact on

uncertainty correlation 2D BDT
statistical only &0 52 39
shared shape/rate uncertainties:
ISR/FSR for tf 100 —1.0 +1.5 <02 <02
Q? for tf 100 +35 35 | +03 —04
Q? for V+jets 100 +57 =120 | +2.6 —45
Jet energy scale 100 —88 436 | -51 +12
b tagging efficiency 100 —19.6 —+198 | —15.2 +14.6
MET (uncl. energy) 100 —5.7 +3.7 —3.9 —0.5
shared rate-only uncertainties:
tE (+£14%) 100 +2.0 —1.9 +0.5 —0.6
single top s (£30%) 100 —0.4  +05 —-04 +04
single top tW (£30%) 100 +1.1 —1.0 <02 <02
Whb, W (£50%) 100 —-3.0 +29 +1.7 -19
We (F139%) 100 -3.0 +61 | -24 +44
Z+jets (£30%) 100 06 0.7 | +04 02
electron QCD (BDT: £100%, 2D: ~13%%) | 50 429 37 | -17 +17
muon QCD (BDT: =50%, 2D: +50%) 50 <02 <02 |-21 +2.1
signal model 100 —5.0 —+5.0 —4.0 +4.0
BDT-only uncertainties:
electron efficiency (£5%) 0 — — 14 +14
muon efficiency (£5%) 0 — — —-36 +35
V+jets (£50%) 0 — — -15 <02
2D-only uncertainties:
muon W+light (£30%) 0 14 +14 | — —
electron W+light (+20%) 0 —06 0.7 | — —
W+light model uncertainties 0 —54 +54 | — —
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CMs/ Combination: e

Correlation of the analyses s

- Correlation evaluated drawing
pseudo-experiments

. . 50.9
from the overlapping datasets 2D, p channel 104.1% 505
2D, e channel T a1

- Differences in the BDT / 2D : BDT, . channel = 89.8 + 104

> Event selection
- Data-driven shape and background BDT, e channel 59.2 + 373
normalization extraction for 2D

2D, e+ channel 124.2 + 35
. . BDT, e+u channel & 78.7 + 202
- Most important systematics 100%
Correlated between 2 D'BDT CMS combination e 836 + i:j:j
| | | | | |
-100 -50 0 50 100 150 200

Single Top t-Channel Production Cross Section [pb]
BN 0
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CMS, Combined results and ’ NF/N7
V_ extraction ../
Measured cross section: o =83.6+29.8 (stat+ syst )=+ 3.3 (lumi ) pb
Standard model prediction : 0264-57ig:22(SCGle)ii:gi(pdf)Pb

with a significance of 3.7(3.5) standard deviations for the 2D (BDT) analysis.

exp

o
Assuming |V_|.|V_| < |V, | yields |th‘: o and: | |V,1=1.142+0.22(exp)+0.02(th)
o

Taking 0<|V, |<1 yields a lower limit at 95% confidence level of ||V ,|>0.62(0.68)

for the 2D(BDT) analysis respectively
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CMS. , )
Conclusions INFN

H -1 . t-channel single top quark production
In 2010 with 36 pb™ of data: = e ——————
R . ® cmsp’ g=83.6+29.8+3.3 pb .
. . @] .
- Evidence of single top t-channel 107 TR V,[>068 ¢

A CDF, 3.2 fb"

» Cross section measurement

. . 1 0 - NLO QCD (5 flavour scheme) =

consistent with the standard model E heory uncertainty (scale & POF) E

p re d | Ctl on B f, Campbell, Frederix, Maltoni, Tramontano, JHEP 10 {2008) 042 _]

1 I NLO+NNLL ]

= theory uncertainty (scale @ PDF) =

> Measurement of |th| - Tl Tidonakis,ar)ii'.r:1103.|2?92-.l1 hep-ph] | .
0 2 4 6 8 10

Vs [TeV]

Higher statistics and rich opportunities for single top studies in 2011:

-t-channel properties like charge asymmetry, differential cross section ...

-Study of other single top channels, FCNC, W' resonances and much more ...

21/07/11 Alberto Orso Maria Iorio 21



THANKS!
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Backup slides
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CMS,

b-tagging

- b jets stem from decays of long lived B mesons,

Physics object reconstruction:

coming from by b quarks produced in the pp interaction

INFN

- They can be identified since the vertex of the particles
that compose such jet differs from the primary interaction vertex

- Track Counting algorithms

Used in the presented analysis counts the 2(3) best tracks associated to the jets
and uses as high efficiency(purity) discriminator the the lowest value of the
significance of the impact parameter amongst the two(three)

CMSPreliminary, Vs=7TeV.,L=12nb

—— Data
[ sim.(bottom)
I:l Sim.(charm)
- Sim.(light)

entries
=
o
&)

TC distribution - 10
data-mc comparison

-20 -10 0] 10 20
TCHEdiscriminator

21/07/11

Alberto Orso Maria Iorio

CMSPreliminary, VWs=7TeV,L=12nb

105 ;— —— Data
E [l sim-(bottom)
10%E |:| Sim.(charm)
E il sim-Gight)

0] 10 20
TCHPdiscriminator
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CMS. Physics object reconstruction:
Particle Flow 2

- Particle Flow is the algorithm used to reconstruct
physics objects in the presented analysis

- Each physics object is reconstructed using information
from all sub-detectors of CMS

- Muons have the cleanest signature and are identified first:
they pass through the muon detector of CMS and can be
discriminated from other particles

- Electrons are identified after muons through their releases in the
Electromagnetic calorimeter in association to a track and through
tight quality cuts

- Jets are reconstructed with the anti-kt algorythm taking information from
all the sub-detectors. Jets are required not to overlap with the already
identified muons and electrons and pass through quality cuts

- Missing energy in PF can be measured taking into account all information
From sub-detectors in a coherent way

21/07/11 Alberto Orso Maria Iorio 25



CMS. Single top t-channel:
— backgrounds .

Main processes reproducing the same event topology:

- tt (cross section: 165 pb):

-tt - blv bgq’ : two of the jets not passing the transverse momentum or quality cuts.
-tt = blv blv : the second lepton is outside the detector acceptance/not identified.
Remarks: one top has same decay chain as single top.

- W+jets (cross section 31314 pb with MCFM):

- W + light partons (u,d,s quarks,gluon) = lv + jets, one of the jets reproduces the
behavior of a b-jet.

- W + heavy partons (c,b quarks) = lv+jets.

Remarks: W + light partons and W + heavy partons have different behavor, high cross
section with respect to single top.

> Multijet QCD - [ + jets

Remarks: high cross section with respect to single top, signal region in the tail of
Monte Carlo distributions — data driven methods to keep it under control

21/07/11 Alberto Orso Maria Iorio 26



CMS,

Systematics sources and effects

-
INFN

o’

Q2 of the interaction, t# and | Background event selection, 100%
W)ets distributions
Initial/Final state radiation, Event selection, distributions 100%
tt
Theoretical and _
modeling Background processes (t¢, Background normalizations, 100%
W+Jets, etc) rate overall variables distributions,
Signal extraction

Signal model Signal event selection and 100%

distribution, signal extraction
Jet energy scale Event selection, distributions 100%
b-tagging Event selection, distributions 100%

Instrumental

Unclustered missing energy | Event selection, distributions 100%
Lepton efficiencies Event selection, distributions 100%

Analysis specific

Data driven procedures
(e.g.: QCD estimation)

Signal extraction

Uncorrelated or conservative 50%

- Most of the systematics are shared by both analyses and 100% correlated

- Most of them are 100% correlated between pand e channels.

21/07/11

Alberto Orso Maria Iorio
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CMSPrelimina

Physics object reconstruction:
Particle Flow performances

1.2

= :

) .
5 [~ ‘4-4'.‘!
S Tl
2 0.8[F /
E C AR=0.2
E‘ 0.6 <| MI<1.5
s ga - | ParncieFiowaes
= ? o
E oz .
-

o

120 140 160 180 200
Generatedp T[Ge\.r'.‘::]

60 80

100

(a) AR = 0.2

CMSPrelimina

PF Jets data-mc comparison -

on minimum bias data

1E
[P L S S R S S | —=— calo-dets
[ 0,
g o —a— Particie-Flowdets
kK 3
=3 95 ARZ0.2
2 0.5F <[ ni<is
£ oaFf
o 3
£ LR 1 B
8
0.1
E R
0==20 a0 60 B0 100 120 140 160 180 200
Reconstructedp T[Ge\.r'.f::]
(b) AR =0.2
g
> CMS Preliminary 2010 + Data
8 10 E=7Tev,L=6 200"
o lslmuhﬁnn
2
10’ Antik 0.5 PFJets
ml<3.0
0L
10 + +
1E |
o B [

Number of events

Mi nlmum—@zlas events

- - 3000
CMS Preliminary 2040 ... % CMS Preliminary 2010
== Simulation, PF o &= Simulation, PF
| * 7-TéVdata, 7.5nb" PF a “l e 7TeVdata, 7.5nb! PF
—— Simulation, calo - —— Simulation, calo
| o 1-TeV data, 7.5 nb", calo 0 | o 7-TeVdata, 7.5 nb" calo
T £ -
: ; H
a
£
3
F4
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~...DHetevents

05 06 07 08 09 1
miss,
EMSISE,

200 250 300
Corrected p [GeVic]

Jets/(0.50 GeVid)

)
INFN

L?

« PF Jets matching
efficiency (MC)

10t i s
CMS Preliminary 2010 + Data g i CMS Preliminary 2010 « Data
NE=7TeV,L=6.2nb" NE=7TeV,L=6.2nb"
. Simulation . Simulation
100
Antik, 0.5 PFJets Antik, 0.5 PFJels
ml<3.0 ml<3.0
107 P = 25 GeVie P = 25 GeVie

10

dolliiy
35 40

15 20
Jet Invariant Mass [GeV/d]

25 30

i

L
0 20 40 60 80 100 120 140 160 180 200
Jet Momentum / Invariant Mass

« Transverse missing energy
relative resolution

Alberto Orso Maria Iorio
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CMS. . .
Y Single top t-channel physics INFN
L.
s-channel tW-channel
q
Focus on
t-channel: q

-highest cross section
-most favorable s/b ratio

Physics of ¢-channel:

most suitable for early, low
statistics studies - o(t_channel)related to CKM element Vtb

- asymmetry in the production of #¢
- sensitive to W'
- study of Flavour Changing Neutral Currents

22/07/11 Alberto Orso Maria Iorio 29



CMS, QCD estimation method:
e Cut optimization

A maximum likelihood fit is performed
on M_defined as

MT:\/<2'PT,lepton'MET(1_COS((plepton_(PMET))>

To determine the amount of QCD after
all the cuts.

The cut on MT after optimizing
the figure of merit:

WIN(W+Q+k*Q})

22/07/11 Alberto Orso Maria Iorio
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