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22 » SECONDO TEMPO

| IL FATTO QUOTIDIANO | Domenica 13 Settembre 2015

-------------------------------

1 4 luglio del 2012, il Cern di
Ginevra, annunciava una no-
tizia che i fisici aspettavano
da quasi cinquant’anni. Il bo-
sone di Higgs, teoricamente
predetto nel 1964 nel tentati-
vo di spiegare la ragione per
cui le particelle elementari
hanno una massa, era final-
mente stato scoperto. Con u-
na modalita sino a quel mo-
mento insolita, la conferenza
di presentazione dei risultati

LINGUAGGI La fisica al Festival della Comunicazione di Sarzana
Bosone di Higgs: piu facile
da scoprire che da spiegare
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La danza della scienza

Il metodo scientifico e lIa modalita con la quale Ia scienza
avanza nella comprensione delia realta

1| Osservazione di un fenomeno tramite esperimento

2 | Formulazione di una teoria per spiegare il fenomeno

3 | Potere predittivo della teoria per un nuovo fenomeno
4 | Messa alla prova della teoria con nuovo esperimento

Nell'ultimo secolo, esperimento e teoria sono
progrediti mano nella mano verso una comprensione
profonda delle interazioni fondamentali

Materia Mecc. Quant. (1901) Forze

e (1887), Relativita (1905) Yy (1905),

b (1937), Simmetrie ('60) gluone (1978)
Ve (1956), WH/Z0 (1984),
c (1974),

v (2000)
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Standard Model of Elementary Particles

three generations of matter
(fermions)

mass | 2.4 MeV/c? ~1.275 GeV/c? ~172.44 GeV/c? 0 125.09 GeV/c?
charge | 2/3 2/3 2/3

spin 1 1/2 Ll/ 1/2 C/ /2 t/ 1 a H

up I charm ' top | gluon Higgs

~4.8 MeV/c> ~95 MeV/c? ~4.18 GeV/c? 0

13 -1/3 1/3 0

‘olrol:o| @
wn nge

2 /2
do I stra ' bottom photon

o
e gkl e 14

~0.511 MeV/c? %105.67 MeV/c? ~1.7768 GeV/c? ~91.19 GeV/c?
o & -1 -1 0
(7))
1/2 e 1/2 l’l 1/2 T 1 a =
pr _d _d

electron muon tau Z boson 8
- -’ ‘ o
2 <2.2 eV/c? <1.7 MeV/c? (a8)
0 0 Ll
E 1/2 Ve; 1/2 V}l | O
& electron muon tau W boson 2
=y neutrmo‘l neutrmo‘! neutrmo‘l G

quark & leptoni | particelle di materie
bosone di gauge | mediatori delle forze fondamentali
bosone di Higys | responsabile della rottura spontanea di sSimmetria
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80.389 +/-
0.013 GeV

80.3817 +/-
0.019 GeV

91.1814 +/-
0.0020 GeV

91.1816 +/-
0.0021GeV
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y

Relativita speciale e relazione di Einstein £ = c2/m?2 + p2/c?
Dualismo onda-corpuscolo ¢ relazione di De Broglie )\ — _* — %
p

La luce visibile non é abhastanza!

400 nm < A < 700 nm
B — 4 1l0fm — B Oy ey — 16 (08
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Ada | 1960 | Laboratori INFN di Frascati
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Ty

Primo collider di elettroni e positroni con
energia nel centro di massa di 250 MeV
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Beam remnant

, Carry away remaining
Incoming proton

Qo’ proton energy
Z
A
A
O
: &s ISR VY'Y VY
Momentum fraction ‘555) (63 Resonance ’ 000000
given by PDFs P - decay &
Hard parton \ FSR
Mmteraction 0 /. %
Z /y T <““
‘55' "AA W
//ia o X2
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MSTW 2008 NLO PDFs (68% C.L.)
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Il risultato di ogni singola collisione
non e deterministico

11 Sezione d’urto | Misura delia
prohahilita di occorrenza di un
processo fisico

Gollisioni interessanti
SONo0 rare

2] Luminosita | Rapporto tra il numero
di collisioni in un arco temporale e la
sezione d'urto

C'é un prezzo da
nagare---

3] Pile-up | Sovrapposizione di pitl
collisioni allo stesso incrocio di fasci

c (nb)

proton - (anti)proton cross sections

10° E' c
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10 F

[ Wus2012
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Number of observed Background:
Measured from data /

events: counted
calculated from theory

Nobs'N BG

o= ——
JLdt - €
[Cross section O
Efficiency:

optimized by
Luminosity: experimentalist
Determined by accelerator,
trigger prescale, ...
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Number of observed Background:
events: counted Measured from data /
calculated from theory

G = Nobs'N BG
% det - €
[Cross section O
Efficiency:
optimized by
Luminosity: experimentalist

Determined by accelerator,
trigger prescale, ...

50-_ 5N3bs+5Nng | 5 2 5 2
e NN v e
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Toroid magnets

Pixel detector |

o

Tile calorimeters

‘ LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor fracker
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La firma di (poche) particelle

Muon
Spectrometer

Hadronic
Calorimeter

i( y The dashed tracks
! S i are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet

[ Transition :

Radiation \ S AT AC

Tracking € Tracker P o AN WY
Pixel/SCT g

detector

N AN BaN

2 CVDEDIMENT

http://atlas.ch
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Standard Model Production Cross Section Measurements

104
103
102

10!

GCosa misura ATLAS?

Status: July 2017

A O total (x2) ATLAS P | .
OA© inelastic reliminary Theory
Run 1,2 =7,8,13 TeV
o i 2 Vs=17,8, LHC pp Vs=7 TeV
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L N 5nf 24 "/'_205 s-chan 0 o i
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n; > 5-108 O n 7t N Zy E
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n>6 i o] H—WW 4 NBg
(m ] n>8 o 3
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=) D7 H—yy ]
n; = A

07 h H—ZZ -4t PN E
e W
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GCosa misura ATLAS?

(") Superseded by results
shown below the line

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758
[6] ATLAS-CONF-2013-102

[7]1 arXiv:1403.4427

[8] Eur.Phys.J.C75 (2015) 330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055
[11] Phys.Lett. B761 {2016) 350
[12] arXiv:1702.07546

[13] ATLAS-CONF-2017-071

[14] Phys.Rev.D93 (2016) 072004
[15] EPJC 77 (2017) 354

[16] CMS-PAS-TOP-17-007

ATLAS+CMS Preliminary Myep SUMMary, s = 7-13 TeV September 2017
LHClopWG
"""" World Comb. Mar 2014, [7] I a— ]

stat total stat

total uncertainty I My, T total (stat + syst) s Ref.
ATLAS, I+jets (*) — ot 172.31+ 1.55 (0.75 + 1.35) 7 TeV 1]
ATLAS, dilepton (*) — 173.09 + 1.63 (0.64 + 1.50) 7TeV [2]
CMS, l+jets I—I-=-I—I 173.49 £ 1.06 (0.43 £ 0.97) 7 TeV [3]
CMS, dilepton —t—et—— 172,50 + 1.52 (0.43 + 1.46) 7TeV 4]
CMS, all jets —_—t 173.49 + 1.41 (0.69 * 1.23) 7 TeV [5]
LHC comb. (Sep 2013) LHCiopwG I—H—I—I 173.29 + 0.95 (0.35 + 0.88) 7 TeV [6]
World comb. (Mar 2014) I—H“H 173.34 £ 0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, |+jets H——+ 172.33 £ 1.27 (0.75 £ 1.02) 7 TeV [8]
ATLAS, dilepton —_—— 173.79 + 1.41 (0.54 + 1.30) 7 TeV (8]
ATLAS, all jets E - — 1751+ 1.8 (1.4 1.2) 7 TeV [9]
ATLAS, single top I ——f——q 172.2+2.1 (0.7 + 2.0) 8 TeV [10]
ATLAS, dilepton = 172.99 £ 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets = 173.72+ 1.15 (0.55 + 1.01) 8 TeV [12]
ATLAS, l+jets = : 172.08 £0.91 (0.38 + 0.82) 8 TeV [13]
ATLAS comb. (i’;‘:’t:";z) H*H : 172.51 £ 0.50 (0.27 + 0.42) 748 TeV [13]
CMS, l+jets Het- % 172.35+0.51 (0.16 + 0.48) 8 TeV [14]
CMS, dilepton —tet— 172.82+1.23 (0.19 £ 1.22) 8 TeV [14]
CMS, all jets HeH 172.32 +0.64 (0.25 + 0.59) 8 TeV [14]
CMS, single top H—e+ 172.95 + 1.22 (0.77 + 0.95) 8 TeV [15]
CMS comb. (Sep 2015) He 172.44 +0.48 (0.13 + 0.47) 7+8 TeV [14]
CMS, l+jets 4 172.25 +0.63 (0.08 + 0.62) 13 TeV [16]
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170 175

180
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Gosa cerca ATLAS?

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 \Vs=7,8,13TeV
miss _ ..
Model &Y Jets EX [Laim™) Mass limit Vs=7,8Tev [V5i=13TeV Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3 b Yes 20.3 .2 1.85 TeV m(g)=m(z) 1507.05525
a4, §—g%) 0 26jets Yes  36.1 m(¥?)<200 GeV, m(1* gen. §)=m(2 gen. q) ATLAS-CONF-2017-022
@ 33 §—g¥) (compressed) mono-jet  1-3jets  VYes 3.2 m(@)-m())<5 GeV 1604.07773
28, 899X 0 26jets  Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-022
§ 28, B-q9%7 —oqug*,?? 0 26jets  Yes  36.1 mﬁkzoo GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
28, —qq(Ee /X, 3epu 4 jets - 36.1 m(#Y)<400 GeV ATLAS-CONF-2017-030
% 28, 8-qqWZX, 0 7-11jets  Yes  36.1 m(E}) <400 GeV ATLAS-CONF-2017-033
% GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 r(NLSP)<0.1 mm 1606.09150
S  GGM (higgsino-bino NLSP) Y 1b Yes 203 |% 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥})>680GeV, cr(NLSP)<0.1 mm, 1>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |# 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8 x 10 eV, m(g)=m(7)=1.5TeV 1502.01518
% '8 28, §—bbT) 0 3b Yes  36.1 m(¥})<600GeV ATLAS-CONF-2017-021
OF g2 goi¥) 0-1e,p 3b Yes  36.1 m(¥})<200GeV ATLAS-CONF-2017-021
'5, wo @3, g-biv] 0-1ep 3b Yes 201 |& 1.37 TeV m(¥})<300 GeV 1407.0600
Biby, by—bT) 0 2b Yes  36.1 m(¥})<420GeV ATLAS-CONF-2017-038
-g byby, by—t¥y 2e,p(SS) 1b Yes  36.1 m(¥})<200 GeV, m(¥)= m(¥})+100 GeV ATLAS-CONF-2017-030
§ fify, i—b¥] 0-2ep 1-2b Yes 4.7/13.3 117-170 GeV m(E7) = 2m(¥}), m(¥))=55 Gev 1209.2102, ATLAS-CONF-2016-077
i, Wb, or i) 02e,u 0-2jets/1-2b Yes 20.3/36.1 90-198 GeV mE)=1 :Dev 1506.08616, ATLAS-CONF-2017-020
= iy, i —=cX) 0 mono-jet  Yes 3.2 m(f; )-m(¥})=5 GeV 1604.07773
§g i,7) (natural GMSB) 2e,u(2) 1b Yes 203 150-600 GeV m(¥)>150GeV 1403.5222
3§ hb.hoh+Z 3e,u(2) 1b Yes  36.1 ~ 290-790 GeV m(¥})=0GeV ATLAS-CONF-2017-019
by, -0 +h 1-2ep 4bh Yes  36.1 . 320-880GeV m(¥%)=0 GeV ATLAS-CONF-2017-019
frlLg, i8] 2e,pu 0 Yes  36.1 m()=0 ATLAS-CONF-2017-039
XiXy, i&' —h(tv) . 2epu 0 Yes  36.1 m})=0, m(Z, i)=0.5(m(if)¢m(§))) ATLAS-CONF-2017-039
XX} [, X1 >tv(v), By —Tr(vw) 27 - Yes  36.1 m@5)=0, m(z, %)=0.5(m(¥; )+m(¥})) ATLAS-CONF-2017-035
> g ,?,*,\76 SELVELEG), EVELE(Y) 3eu 0 Yes  36.1 m¥)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥; )+m(¥})) ATLAS-CONF-2017-039
oS nu-wize 23ep  02jets  Yes  36.1 m(¥})=m(¥3), m(¥})=0, Z decoupled ATLAS-CONF-2017-038
© izia—,wilhil, h—bb/WW/TT[yy ey 0-2b Yes 203 |X,K; 270 GeV m(¥i)=m(¥3), m(t})=0, 7 decoupled 1501.07110
XX, j’gg -t depu 0 Yes 203 X'L 635 GeV m(¥3)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod., ¥—yG 1 e:u+y - Yes 203 |Ww 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥1—yG 2% - Yes 203 |w 590 GeV cr<imm 1507.05493
Direct X1 X prod., long-lived X| Disapp. trk  1jet  Yes 361 [FEIEs0Gev m(¥7)-m(¥])~160 MeV, 7(k1)=0.2 ns ATLAS-CONF-2017-017
Direct X1 X| prod., long-lived X dE/dx trk - Yes 184 |X; 495 GeV m(¥i)-m@})~160 MeV, (¥} )<15 ns 1506.05332
g 3 Stable, stopped 2 R-hadron 0 1-5jets  Yes 27.9 F4 850 GeV m(¥})=100 GeV, 10 us<r(#)<1000 s 1310.6584
= Stable g R-hadron trk - - 3.2 1606.05129
S8 Netucano s A padtr - ovsousr
§ 8 GMSB, stable 7, 1172, i)+ (e 1) 12u - - 191 | & 537 GeV 10<tang<50 1411.6795
GMSB, ¥ -G, long-lived ¥ 2y - Yes 203 i‘ 440 GeV 1<r(¥})<3 ns, SPS8 model 1409.5542
22, i‘,’-.eey({eyv/ypv displ. ee/eu/up - - 20.3 2” 1.0 Tev 7 <cr(¥))< 740 mm, m(z)=1.3TeV 1504.05162
GGM 3g, X1 —ZG displ. vix + jets - - 20.3 ﬁ} 1.0 Tev 6 <cr(F))< 480 mm, m(z)=1.1TeV 1504.05162
LFV pp—v, + X, ¥r—ep/et/ut €p,etT.ut - - 3.2 A3,,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 m(g)=m(g), crsp<1 mm 1404.2500
X’ri’;, ,\"; —)W,\-’o,io—wev, euv, pupy 4epu - Yes 13.3 mo(k.\:.;)>4000ev, Au#0 (k=1,2) ATLAS-CONF-2016-075
XXy, X - WX, X —1Tv,, ev. 3eu+t - Yes 203 m(¥7)>0.2xm(¥7), 113320 1405.5086
°>_ 2%, 84999 o 0 4-5large-Rjets - 14.8 BR(r)=BR(5)=BR(c)=0% ATLAS-CONF-2016-057
3z 39901, X1 > 949 0 4-5large-Rjets - 14.8 m(@))=800 GeV ATLAS-CONF-2016-057
22, g1, %] - qqq Tepu 810jets/0-4b - 36.1 m@E)=1TeV, 411,%0 ATLAS-CONF-2017-013
88, g1, 1) —bs 1eu 8-10jets/0-4b - 36.1 m(i)=1TeV, A33#0 ATLAS-CONF-2017-013
iy, i—bs 0 2jets+2b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
iy, [y bt 2e,u 2b - 36.1 BR(7; —be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, é—ct} 0 2¢ Yes 203 m(¥})<200 GeV 1501.01325
L A L AL

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]
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ATLAS EXxotics Searches” - 95% CL Upper Exclusion Limits

Status: July 2017
Model

ty Jetst ET™ [rdiim)

Limit

Gosa cerca ATLAS?

ATLAS Preliminary

[L£dt=(32-37.0)fb!

Vs =8,13 TeV

Reference

LN |

ADD Gkk +g/q Oe,p 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2] - 37.0 Mn 89TeV n=6 1703.09217
ADD BH high ¥, pr >lepu >2j - 3.2 M 8.2 TeV n =6, Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - > 3j - 3.6 M 9.55TeV n=6,Mp=3TeV,rot BH 1512.02586

RS1 Gy — vy 2y - - 36.7 Gkk mass 4.1 TeV kMg = 0.1 CERN-EP-2017-132
Bulk RS Gy — WW — qqlv 1epu 1J Yes 36.1 Ggk mass 1.75 TeV kMg =1.0 ATLAS-CONF-2017-051
2UED/ RPP Teu 22b,23] Yes 132 |KKmass 1.6 TeV Tier (1,1), BACY 1) =1 ATLAS-CONF-2016-104
SSM Z' — (£ 2e.p - - 36.1 2’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' - 1t 27 - - 36.1 Z’' mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z' — bb - 2b - 3.2 Z' mass 1.5 TeV 1603.08791
Leptophobic Z’ — tt le,u >1b,=1J2) Yes 3.2 Z’' mass 2.0TeV rim=3% ATLAS-CONF-2016-014
SSM W' — (v 1epu - Yes 36.1 W’ mass 5.1 TeV 1706.04786

HVT V' - WV — ggqg modelB O e, u 2J - 36.7 V'’ mass 3.5 TeV gv=3 CERN-EP-2017-147
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gy =3 ATLAS-CONF-2017-055
LRSM Wy, — tb 1epu 2b,0-1] Yes 20.3 1410.4103

Cl qqqq - 2j - 37.0 A 21.8TeV 7 1703.09217
Cltfqq 2e,pu - - 36.1 A 40.1TeV 1, ATLAS-CONF-2017-027
Cl uutt 2(SS)z8epzlb =] Yes 203 | TE |Crel = 1 1504.04605
Axial-vector mediator (Dirac DM)  Oe,u 1-4j  Yes 361 Mined 1.5 TeV 89=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
Vector mediator (Dirac DM) Oe,pu, 1y <1j Yes  36.1 Mpncd 1.2 TeV 87=0.25, g, =1.0. m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oe,u 1J,<1]  Yes 3.2 M. 700 GeV m(y) = 150 GeV 1608.02372
Scalar LQ 1% gen 2e 22j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
Scalar LQ 2" gen 2pu >2j - 3.2 | LQmass 1.05 TeV g1 1605.06035
Scalar LQ 3" gen Teu =21b23] Yes 203 [OTESesacew g0 1508.04735
VLIQTT - Ht+ X Qorleu 22b, 23] Yes 13.2 T mass 1.2 TeV B(T »Ht) =1 ATLAS-CONF-2016-104
VIQTT = Zt+ X leu =21b 23] Yes 361 T mass 1.16 TeV B(T > 2t) 1 1705.10751
VLQTT - Wb+ X 1e,u >1b, >1J/2) Yes 36.1 T mass 1.35 TeV B(T - Wb)=1 CERN-EP-2017-094
VLQ BB - Hb+- X 1epu >2b, 23] Yes 20.3 B(B > Hb)=1 1505.04306

VLQ BB — Zb + X 2/28e,u  =2/>1b - 20.3 B(B > Zb)=1 1409.5500

vLQ BB —» Wt + X leu =1b >1J/2) Yes 36.1 B mass 1.25 TeV B(B - Wt) =1 CERN-EP-2017-094
VLQ QQ — WqWgq 1epu >4j Yes 20.3 1509.04261
Excited quark g° — qg - 2j - 37.0 | g* mass 6.0 TeV only u” and d”, A = m(q") 1703.09127
Excited quark q* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u” and d", A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b,1j - 13.3 2.3 TeV ATLAS-CONF-2016-060
Excited quark b* — Wt lor2eu 1b,2-0j) Yes 20.3 fo=fi=fh=1 1510.02664
Excited lepton * 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton »* 3euT - - 20.3 A=16TeV 1411.2921
LRSM Majorana v 2e, 2j - 20.3 m(Wj) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H™* — ¢ 234e,pu(SS) - - 36.1 H** mass DY production ATLAS-CONF-2017-053
Higgs triplet H-* — {7 3epuT - - 20.3 DY production, B(H{= — () 1 1411.2921
Monotop (non-res prod) 1ep 1ib Yes 20.3 Fnon res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g/ = 1gn, spin 12 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).

1 1 1 1

107!
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2012 | Scoperta solo tramite hosoni!
Standard Model of Elementary Particles

threeger(\feratif)ns?fmatter H /y/y :
ermions
| l 1 H— Z7" - 44

Chn;:: :j: MeV/c? :/1:75 GeV/c? :/1372.44GeV/c2 2 ;125.09 GeV/c? H % WW* % 6 V //L V
spin 11/2 u/ 1/2 C/ 1/2 t/ 1 8 0 H
h t l Hi - i -
= B n 0 L BT fih 2012 | 0sservazione indiretta
~4.8 MeV/c? =95 MeV/c? ~4.18 GeV/c? 0
- @I-@I-® | @ gg — H
down_) stran@ bottom ) L photon
~0.511 MeV/c? %105.67 MeV/c? ~1.7768 GeV/c? %91.19 GeV/c? 2013 | Premlo nonel a "Iggs e Englert
- @I-Q@I- @I @2
electron || muon tau || Zboson § 2019 | 0sservazione diretta
2 <2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? ~80.39 GeV/c? Cb H ___>
E (1)/2 ve 2/2 V}l i/z VT jl w LI;; TT
Q.
B e U atine L neditiine J| boson | S 2017 | Evidenza [3 < sigma < 5)

H — bb
gg — ttH
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it's a long way to the top.if
you wanna rock 'n’ roll
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c (nb)

proton - (anti)proton cross sections

Decadimento In quark beauty

10° [

. F
10 F

10" |
102 £
10° C
10* £
10° |

10° 3

M =125 GeV {

ctot

cbottom

jet
o, (E;" > EI20)

L. WJS2012
1

Teva:tron iI-HC :

-1

-2

cm S

events / sec for £ = 10%

Discriminazione tra jet da quark
heauty e jet da quark leggeri
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Un jet da quark heauty ha interessanti proprietafisiche

1| La maggior parte dell'energia iniziale e trasferita al h-adrone (~80%)
2 | La massa del h-adrone e elevata (~5 Ge\

3 | Il h-adrone ha una vita media misurahile (~1.5 ps)

4 | Il h-adrone decade in un alto numero di particelle cariche [~3)

Displaced
cks

L — yer — Ler
m

Secondary

Impuiso lunghezza decadimento

60 GeV ~4.3 mm

200 GeV ~14mm

2Tel ~14cm
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Input Variable Description
Kinematics pr( ?et) Jet transverse 1.11(.)meutum
n(get) Jet pseudo-rapidity
log(Py/ Pight) Likelihood ratio between the b- and light jet hypotheses
[P2D, IP3D log(Py/F.) Likelihood ratio between the b- and c-jet hypotheses
log(P./Piight) Likelihood ratio between the c- and light jet hypotheses
m(SV) Invariant mass of tracks at the secondary vertex assuming pion masses
fe(SV) Fraction of the charged jet energy in the secondary vertex
Nrearvix (SV) Number of tracks used in the secondary vertex
Qv Nomekvix(SV) Number of two track vertex candidates
) L4, (SV) Transverse distance between the primary and secondary vertices
L.,.(SV) Distance between the primary and secondary vertices
Szy=(SV) Distance between the primary and secondary vertices divided by its uncertainty
AR(jet,SV) AR between the jet axis and the direction of the secondary vertex relative to the primary vertex
Noreivix (JF) Number of 2-track vertex candidates (prior to decay chain fit)
m(JF) Invariant mass of tracks from displaced vertices assuming pion masses
Siyz(JF) Significance of the average distance between the primary and displaced vertices
Jot Titter fe(JF) Fraction of the charged jet energy in the secondary vertices
Ni-trk vertices(JF) | Number of displaced vertices with one track
N>ooiik vertices(JF) | Number of displaced vertices with more than one track
Nrkarvix(JF) Number of tracks from displaced vertices with at least two tracks
AR(Piets Potx) AR between the jet axis and the vectorial sum of the momenta of all tracks attached to displaced vertices

10 L L I L l LI T T l T 11 | 71T IE T T l UL l T T [ T T l 1 177 l T UL _1 TTTT l TTTT I TTTT ™TTT l TTTT [ TTTT l TI 17T l TTTT l LB l L
2] E (2] . . . .l 0 — —
'§ 8 ATLAS Simulation Preliminary 7 § " [_‘_ ATLAS Simulation Preliminary - E 10°F. ATLAS Simulation Preliminary -
i - 7 H - T = .-E =
> 1k \s=13TeV, tt - 210"t R |s=13TeV, it _ > [ n \s=13Tev, it [
§ F bi : g i ' ] Ot L
= Jets = [ " ] = ]
5 af ; . 1 E fF i 8 | i
<10 & £, T clets E < ] ] <
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10 ¢ = ) H
- ; 107} | :
.3 - =1
107k E C . 21
2 E - ] 10 b
-4 ; ; B 1 T -
L i — biets “la_ 1 | —— bjets i
Sf 4 ] 10°H —— cjets “.'-:LL . ——-Clets .
10 E— l-'i L _§ ol Light—flavour jetS :L'T’_—L{': | e Light_ﬂa\[our jets Tt )
| R ] - S
10-6 ;1 1][[]]] ]Illl:AL TIIII Ll L | L llllll IJl llllllllllll‘lll_ lllllllllllll llllIllllllllllllllll]lllll‘ll Ll
-20 -10 0 10 20 30 40 50 0 1 2 3 4 5 6 0 01 0203040506 070809 1
IP3D log(P b/Pu) m(SV) [GeV] fE(JF)
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Analisi dati con Machine Learning

E r -
c ATLAS Preliminary . S FATLAS Preliminary
§ @ Data 2016 = I @ Data 2016
40 \s =13TeV, 25 b ;:"51:5 al 101k ;zljnts |
2 c ss © : c :s ]
% Ell;h:fflavour Jets > Eu;mt-sﬂavour Jets .
< © i
E 102 % -|0—2i \s =13 TeV, 2.5fb"
3 I t O O I
10—3 10 | :
~___~  Data Analysis Framework
1.4 R R R R R R RN | SRR R ] T
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selezione dei dati per Higgs in quark beauty

tre canali a seconda del numero di
leptoni

ricostruzione deil prodotti di
decadimento e loro calibrazione
stima dei fondi con Simulazione e
regioni di controllo

analisi multi-variata per
discriminare il segnale dal fondo

O-lepton

lmge — 91 GeV| < 10 GeV
DT (66) > 75 GeV

2-lepton
| -lepton

MEB’T > 150 GeV

(+ additional criteria to suppress multi-jet)

pr (lv) > 150 GeV

¢, Tightly isolated
lepton

H S« -
- b
b

(+ MET > 30 GeV in electron channel)

<|
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Evidenza dell'accoppiamento con I quark beauty

> 2 B 1 I LI | l LI I | I LI | ' L | I LI I | l L | I L ] | I | l
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= Y 4
g 14 = P32 150 GeV Oy
> T[] Standard Jet Calibration (Std.) K’*@\
o 1.2 /A Std. + p-in-jet Correction Y
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< - / 4
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Evidenza dell'accoppiamento con I quark beauty

Arbitrary units / 5 GeV
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Evidenza dell'accoppiamento con I quark beauty

Arbitrary units / 5 GeV
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Best fit u°® for m, =125 GeV
VH

m,, [GeV]

Significanza dell'eccesso di
eventi rispetto all'ipotesi di
assenza disegnale 3.5 o
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osservazione di processi rari di produzione
e decadimento

ricerca di decadimenti ‘esotici’ del hosone
di Higgs

misura con tecniche sperimentali ‘hoost’
misure di proprieta di spin/CP e
distribuzioni differenziali
auto-accoppiamento

ricerca di altri hodoni di Higgs a masse pill
elevate

test di compatihilita del Modello Standard
elc.

ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 o™ ; [Ldt=3000 b

H—yy (comb.) r%

H— ZZ (comb.) @

H—Zy (ncl)

H— bb (comb.)

H—stt (VBF-like)

H—uu  (comb.)

Au/u
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What next?
Oggl Energia

13 TeV

prodotti

~8x 1015
collisioni pp

analizzati

3.5x10!3
collisioni pp
R&D ~2M bosoni H .
. Dati
nuove ldee NOTA: Scoperta bosone di Higgs

0.2M bosoni H prodotti
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Oggl Energia
Master

13 TeV

3.5x1015  [5x]0!5
(}collisioni pp collisioni pp
~2M bosoni H
R&D .
Dati

nuove idee NOTA: Scoperta bosone di Higgs
0.2M bosoni H prodotti
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Oggl Energia
Master A

3.5x10!'5 ~ I5x10!5

collisioni pp collisioni pp
~2M bosoni H

R&D K J Dati

NnUove ldee NOTA: Scoperta bosone di Higgs
0.2M bosoni H prodotti
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Oggl Energia

Master A B High
) Luminosity

I3 TeV( Y LHC

Postdoc

3.5x10'5  [5x10!5
‘jcollisioni pp collisioni pp

~2M bosoni H

R&D .
. K J Dati
NUoOVveE ldee NOTA: Scoperta bosone di Higgs

0.2M bosoni H prodotti
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Il gruppo ATLAS a Genova

PRDPDSTE DI TESI NELL’ESPERIMENTD

€. ATLAS ALHC £2

EX E IMENT EXPERIMENT

CHI SIAMO

ATLAS e un esperimento di fisica delle particelle elementari che studia le
collisioni prodotte dal Large Hadron Collider del CERN di Ginevra.

Il risultato piu eclatante ottenuto finora e stata la scoperta del bosone di Higgs
e la prima misura delle sue proprieta.

Attualmente e in corso un periodo di presa dati ad una energia di 13 TeV e una
intensita di collisioni senza precedenti, ma allo stesso tempo ci si prepara ad una
futura presa dati ad intensita ancora maggiore (HL-LHC, High Luminosity LHC).

Il gruppo ATLAS Genova, associato al CERN e allINFN, € composto da una
ventina di persone, inclusi postdoc e dottorandi.

DoVE LAVORIAMO

Le attivita del gruppo si svolgono sia nel Dipartimento di Fisica di Genova, sia
presso i laboratori del CERN.

Il candidato partecipera di persona o in videoconferenza a riunioni della
collaborazione internazionale ATLAS presentando i risultati della propria attivita.

TEMI DI RICERCA ARGOMENTO DI TESI DI LAUREA E DOTTORATO

IDENTIFICAZIONE DI B-JET FisicA DELL'HIGGS RicercA DI Nuove PARTICELLE

T T T
10 ATLAS 1s=13TeV, 321" E
E metastable g (t = 10 ns) 3

T

22 ATLAS

E f5=13Tev, 361 0"
2leptons, 2jets, 2 b-tags

£ pY=200Gev

ATLAS Preliminary:

I Prediction § i
1 —— Observed 95% CL UL -

E == Expected 95% CL UL (% 1o,,)
—— Expected 95% CL UL (+ 20,,) |
----- Prediction g (8 TeV) 1
Observed 95% CL UL (8 TeV) 3

1/N dN/dMV2
Events /10 GeV
»

Cross-section [pb]

s
3
&
E]
s
8

S L . )
050604020 02040608 1 . 10° 9000 7200 1400 1600 1800
40 60 80 100 120 140 160 180 200
Mv2 My, [GeV] Mass [GeV]

SvILUPPO DI RIVELATORI A PIXEL CONTATTI PRINCIPALI, SITO E ULTERIORI DETTAGLI

Persone "
C. Gemme (claudia.gemme@ge.infn.it, L204)

F. Parodi (fabrizio.parodi@ge.infn.it, S823)

C. Schiavi (carlo.schiavi@ge.infn.it, S823)

Sito Web
http://atlas-ge.weebly.com/tesi.html

PRDPOSTE DI TESI NELL’ESPERIMENTD

€. ATLAS ALHC £

EXPERIMENT EXPERIMENT

RICERCA DI PARTICELLE SUPERSIMMETRICHE O ESOTICHE CON IONIZZAZIONE ANOMALA
SEARCH FOR ANOMALQUSLY IONIZING SUPERSYMMETRIC OR EXOTIC PARTICLES
Tag: Supersymmetry, Dark Matter, Data Analysis

MISURA DELLA IONIZZAZIONE SPECIFICA NEL RIVELATORE A PIXEL DI ATLAS
SPECIFIC IONISATION MEASUREMENT IN THE ATLAS PIXEL DETECTOR
Tag: Pixel Detector, Data Analysis

MISURA DELLA SEZIONE D’URTO DI PRODUZIONE ASSOCIATA DI W+CHARM
MEASUREMENT OF ASSOCIATED W+CHARM PRODUCTION CROSS SECTION
Tag: Standard Model Physics, Data Analysis

STUDIO DEL DECADIMENTO DEL BOSONE DI HIGGS IN COPPIE DI QUARK BEAUTY IN DIVERSI
PROCESSI DI PRODUZIONE

STUDY OF THE HIGGS BOSON DECAY TO BEAUTY QUARK PAIRS EXPLOITING DIFFERENT
PRODUCTION MECHANISMS

Tag: Standard Model Physics, Higgs Physics, Data Analysis, Deep Learning

SVILUPPO DI NUOVI ALGORITMI PER L’ IDENTIFICAZIONE DI JET BEAUTY O CHARM CON
TECNICHE DI DEEP LEARNING

DEVELOPMENT OF NEW BEAUTY- AND CHARM-TAGGING ALGORITHMS USING DEEP
LEARNING TECHNIQUES

Tag: Data Analysis, Flavour Tagging, Deep Learning

COSTRUZIONE DEL PRIMO PROTOTIPO PER IL RIVELATORE A PIXEL DI ATLAS IN HL-LHC
CONSTRUCTION OF A FULL PROTOTYPE OF THE ATLAS PIXEL DETECTOR AT THE HL-LHC
Tag: Pixel Sensors, Future Pixel Detectors, High-Luminosity LHC

SVILUPPO DELL’ELETTRONICA DI LETTURA PER IL RIVELATORE A PIXEL DI ATLAS IN HL-LHC
DEVELOPMENT OF A READOUT SYSTEM FOR THE ATLAS PIXEL DETECTOR AT THE HL-LHC
Tag: Readout, Future Pixel Detectors, High-Luminosity LHC

CONTATTI
C. Gemme [claudia.gemme@ge.infn.it, L204)
F. Parodi (fabrizio.parodi@ge.infn.it, S823)

C. Schiavi (carlo.schiavi@ge.infn.it, S823)

La lista aggiornata dei titoli e una loro descrizione
dettagliata sono disponibili alla pagina:
http://atlas-ge.weebly.com/tesi.html
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Fiallraven Polar 2018

Anplication open until Dec 14th, 2017
http://nolarijaliraven.com/contestant/2id=3662




