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Top spln correlahons

Top anhtop pours are produced in colllders W|th'
,‘_correld’red splns -

- --Top spln correlahons have been dlscover’ Hhé LHC
qnd meqsured wﬂh Run l qnd equy Run_2 latak

s 4-‘»‘"‘

CMS PRD 100(2019)072002

FT T T 1 '| T T |' T 17T I rT 1T I LI | | [ | I H CMS hmx ]907 03729 35.9 1b-1 {13 TEV)
ATLAS - —e— Data —— POWHEGV2 + PYTHIAB
b _ 1. —=— NLO calculation —*— MG5_aMC@NLO + PYTHIAS [FxFx]

E Lt (uncorrelated) Ldt=2.1fb e NNLO cateulation

- W single top :
700 - W Z/y*+jets E Cu |—|—-—HoL| 0.300+0.022 + 0.031
600E o diboson 4 an

: M fake leptons I ] C, 0.081+ 0.023+ 0.023
500F 3 . .

- 1 C.. He—H  0.329+0012+ 0016
400 - "

- . L

- ] -D HeH 0.237 + 0.007 + 0.009
300F 4 |----ivo-F E 4

o . lab -
200E-- E AL mu; 0.167 + 0.003 + 0.010

- . ¥

~ . —m—
100E e HIHHH 0.103 + 0.003 + 0.007

- result + (stat) + (syst)
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o observqble

-Spln correlqhons qre VISIble ’rhrough the decqy producf’ﬂ

| The EW decqy of ’rops quves qn o -
imprint of their spin state inthe
‘dlrechon of fllght of ’rhelr dqugh’rers Top spin

dF 1—|—ozcosg0

chosgo 2

Th|s mqkes the H~ spln densﬂy mqtrlx menially

The spln densﬂy mq’rrlx can ’rhen be |n ' eted iniihe

2 "‘.--'s_s:
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Quantum tops

Spln correlqhons in t pairs are so s’rrong
v,\presence of quanfum enfanglemenf ‘be

0.0 0.2

Afik, De Nova

’FT
EPJP136(2021)9,907 hep-ph:2003.02280
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Quqntum mformahon wﬂh top-

There is a whole hlerqrchy of “quqn’rum;
2 qbl’r systems ’rhen can be applled to-: o)

| Spin- Correlatlon

Non-separability

Separability
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Quqntum mformahon wﬂh top-

There is o whole hlerqrchy of “quqn’rum” bles for
2 qbl’r systems ’rhen cqn be applled to-:to D pairs.

| Spin- Correlatlon

correlations

Non-separability

Separability
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Quqntum mformahon wﬂh top-

There is o whole hlerqrchy of “quqn’rum” bles for
2 qbl’r systems ’rhen cqn be applled to-:to D pairs.

| Spin- Correlatlon

correlations

Quanfitiin
****** orieleticns

Non-separability

Separability
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Quantum mformahon wrth_top |

| Spin- Correlatlon

correlations

Quaniit i)
****** orrelations

Separability

Non-separability

Nonglocel
correl@iiens
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BeII non Iocqllty wﬂh tops

Observmg q BeII V|olq’r|on |s ’rhe ul’rlma’re 5|gna|.of n
_classmall’ry : . 7 :

--Af parton Ievel fops do wolq’re BeII |neq'u
~ extreme reglons of phase space Ny

our S|mulqhons suggest S-oaogton
- evidence for Bell wolahons . 1o Pz 500 GeV
. c?g I%e reached af HL LHC _ 10 p,2 750 GeV
- / 0‘

— lo p.2 1000 GeV

E Severql |mprovemen’rs

- have sincebeen - '
suggested, 50 S|gn|f|cqnce

- may eventuqlly be e
.reqllshc

0.0 0.2 0.4 0.6

‘ Boschi, Maltoni, CS, Sioli
L ,' D EPJC82(2022)4 285 hep-ph:2110.10112 Crr
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o -Several new: phy3|cs scenarios "p’r"i_._.cll

New PhYS|cs in spln correlahonss?"‘"

Spln correlahons prowde a novel _w
~on top physics, whose explorahon
; --star’red recen’rly : T

~ different spin correlations, while keeping

- .’rhe more convenhonal observ ibles within

7111723 Clqudlo Seven - Unlver3| of Manchesier

i Quanfum observables are an ade
tool whose use hqs not been expl mﬂ “/@ﬁ



- SMEFTin spin correlations

. _']correla’nons 14 four quark operators
- chromo dlpole O .

o Remquqbly, no elec’rroweqk opera’ror m{reﬁ
it spln measurements |nvolve EW S.

% HEU

\4 f_)[m
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Impdct on NP sedrches

| Example contqc’r m’rerachon be’rween Ilgh’r quarks olnd top

Inclusive meqsuremen’r

CS, Vrzlonldou

Y JHEPO1

2023)148

hep-ph:2210.09330
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Impdct on NP sedrches

Example contqc’r m’rerachon be’rween Ilgh’r quarks and top

Inclusive meqsuremen’r

CS, Vryon

idou

' JHEP01(2023)148
hep-ph:2210.09330

0(8 1)

.
o
s}

Difference from SM
S
o
N

| I I
© . ©
o o o
© o N

0.02 °

LS

Cnn
— Cn

- Br+ér — Cu
— Bk+B_k — Cr+ Cyr

~_
—

At /3
— AT /3

-3

-2

7/11/23

coql’[/\_ 1TeV ]

-1 0 1 2 3

- Claudio Severi -

1 t
u

Meqsurem“ | n'
~with prcuts

cos6<0.33

0.33 =<cos6 <0.67
600 = Myt

SR
i bos .

University ol Manchiestes



Impact on NP sedrches

Example contqc’r m’rerachon be’rween Ilgh’r quarks and top

u

Inclusive meqsuremen’r
CS, Vryonidou 0(8 1)
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0.33 =<cos6 <0.67
600 = Myt
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Cog " [A=1TeV] E . Roun 111 Projection
: : . Operator Current Global Fit
' 300 fb~! Differential
Our S|mula’r|ons [2210 09330] show that e —0.7,0. -1.0,0.5
one differential measurement will be [y 09,05 16,09
compehhveawﬂh the qlobql fl’rs ’ro qII 4 O(m) 04,03 -0.4,0.3]
| fOp dd’rd - | e ‘ (9(38) [~1.1,0.8] [—0.5,0.4]
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Conclusmns

- There is q varlety of observables relq’r
~ ranging in theoretical cleqnllness andf’*
experlmentql qcce53|blllty |

potenhal
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Conclusrons

- The phenomenql performance of ’rhe L “ «
new roads. It is now possible to do quorn_;’r m
’ mformorhon srudres wrrh rhe sprn of ﬂ porr-“

4 There isa varrery of observables relate
- ranging in theoretical cleqnlrness and
r,experrmenrql qccessrbrlrry "

" These new observqbles explore new cornersio
- top physrcs and corrry a remorrkorb E@@@Vem
xporenhcrl . e

D (,

_More works (and measurements) a e coming
o s’rory runedI - o
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