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Motivation
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Polarization of tops fromew physicgprocesses
will teach us about their production mechanism.



Motivation

ATLAS and CMS already measapequark polarization.
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will teach us about their production mechanism.
Can we do analogous measurements for diiger quarks?
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Heavy quarks, 35
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Heavy quarks+, 99

For heavy quarksy | ¥

U The quark is carried bywery
energeticheavyflavored hadron.

[—]
[
=

R R R LR R
1~ OPAL

arbitrary units

e

-

[&]
|

=—— unfolded x; (RUN)

e
o

— e unfolded x, (GURU) |

U When it is @aryon, v p fraction
of the polarization is expected to .

be retained. |
Manneland Schuler, PLB 279, 194 (1992) 002l E 29, 463 (2 93)
. . - [hep-ex/0210031
Close Korner Phillips, Summers, J. Phys. G 18, 1703 (19927 o010
Falk andPeskin PRD 49, 3320 (1994)dp-ph/9308241] S

[ ‘I |
0.08— ‘gl -

Evidenceobserved aLERvia¥y (@ 0 )®aryons ird° o
P(Ay) = —0.237020 T0-08 (ALEPH)  PLB 365, 437 (1996)

P(A,) = —0.497932 +0.17 (DELPHI) PLB 474, 205 (2000)

P(A,) = —0.567570 £0.09 (OPAL) PLB 444, 539 (1998)dp-ex/9808006]



H-quark polarization retention

| a |
chromomagnetic . 4 P
o

moment wspinpreserved

during hadronization



H-quark polarization retention

| a | ¥
chromomagnetic . 4 P
o

moment wspinpreserved

during hadronization

wspinpreserved
Teo - pinpresery

also during lifetime

\ Y,
I 4Aa
(112 1) ospinoscillates
z during lifetime
t 1t J
t ¥ sample contaminated
\ J

by‘rzox“

fragmentation fractioiQw© baryons 8%



-kquark polarization retention
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Dominant polarization loss effect

H-quark polarization retention
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H-quark polarization retention
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H-quark polarization retention

More precisely, need to account Parameter (MeV)
fort ° widths (interference). My, 743

Ty 94 2
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pW(E) y
E—my+ ?F(E)/Q

) o /dcosé’dcb Z(J} M | %}—I—%; 1,m)

S (ks LM = | M) Y 0.0)16.0) |s)
S 1‘ \ |
p(E) x Trg, |E) (E] pion L, spin
momentum
pox [ dEp(E)exp (—E/T) p(E)

mAb+'mW
/‘ statistical hadronization modelY p ¢ MeV)
phase space _ .
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H-quark polarization

More precisely, need to account
fort ~ widths (interference).
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H-quark polarization retention
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Heavy quark polarization retention
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Heavy quark polarization retention
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Cannot argue for polarization loss either!
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¥quark polarization retention!

U Cannot argue for polarization retention using heawark limit.
Cannot argue for polarization loss either!

U L polarization studies were done iadecays at LEP.
Forz> 0.3
P(A) = —0.31 £0.05 ALEPHCERMPENIS-328
P(A) = —0.33£0.08 OPALEPJC 2, 49 (1998kp-ex/9708027]

Contributions from all quark flavors are included.

For strange quarks only (neregligible modeling uncertainty):
—0.65 S P(A) S —0.49

Sizable polarization retention!



Nice sources of polarized quarks

Top pair production ) rP ool
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"« [6'd produces polarizegk v ¢, Mquarks.

U Easy to select a cleadisample (e.g., in lepton + jets).

U Kinematic reconstruction and charm tagging enable
studying the different quark flavors separately.

U Statistics in Run 2 is as large astecays at LEP.
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Nice sources of polarized quarks

Top pair production ) rP ool
i 00 & ® produces polarizedquarks.
"« [6'd produces polarizegk v ¢, Mquarks.

U Easy to select a cleadisample (e.g., in lepton + jets).

U Kinematic reconstruction and charm tagging enable
studying the different quark flavors separately.

U Statistics in Run 2 is as large astecays at LEP.
=5 +aFproduction N 1P & @
i Polarizedikquarks.

U Orderof-magnitude higher statistics thaml
although backgrounds are higher too.



Measurement of vpolarization in <&

c jet

Main steps:
U Typical singldepton ddlselection

U Typical kinematic reconstruction and global event interpretatio
0 Charm tagging

U ¥ reconstruction and polarization measurement



polarization measurement

In the ¥ rest frame, the decay
,x. O ')] 13
has the angular distribution
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Measurement of vpolarization in <

Statistical precision of roughly 16% possible
at ATLAS/CMS in Run 2 (with 100 @b data).



