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A (uds) polarization

* Transverse A polarization was confirmed in 1976

at Fermilab in pBe using a 300 GeV beam and '40_" o This experiment (24 GeV)
followed by various pA and pp experiments with 30 o.G.Bunce et.al. (300 Gev)
polarization values to be up to 30% I {
[ =
* Leading order perturbative QCD calculations é 20F 3 i
predicted very small polarization for light quarks = 10* 3% %
and go to zero for increasing momentum § ' r s 3 3%

transfer 0 +——
o 2 4 6 §8 10 12 14 18
e Must account for polarization due to non- P, in Gev/c

perturbative QCD effects i

G. Bunce, et al. PRL36, 1113 (1976)

K. Heller, et al. PLB68, 480 (1977)
G. L. Kane, J. Pumplin, and W. Repko PRL 41, 1689 (1978) *sign convention different when compared to later measurements
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.36.1113
https://doi.org/10.1016/0370-2693(77)90476-2
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.41.1689

A (uds) polarization

o 01k o T e In 2015, ATLAS measured A and A polarization at low xg
- - - xp = 2pg/Vs
e = N
- i = #th% ] * Common features observed for A polarization
0.1 ) e  Transverse polarization of prompt A is found to be
0ok f % 3 negative
TF w ATLAS (s=7TeV ‘* ] : :
oaf  © HERAB is-42GeV | M3 * Approximately independent of the beam energy
YO A E799 Vs =39 GeV [ . ith i : i i
E o NAS Vs - 20 GeV Increases with increasing |xr| and increasing pr up to a
0.4  x M2 s = 27 GeV — few GeV range
- Lol L e | T | 1107
10° 10° 10° 107 1 |« Polarization has been observed for beams other than proton
X . . . . _
F including: e* on various target nuclei, %, K*,X~,vN,n

ATLAS Collaboration, PRD91, 032004 (2015)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.032004

A and A polarizationinete~
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e 1 9 D i IS * The polarization was observed to increase with the
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s s —
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Belle Collaboration, PRL 122, 042001 (2019)

0.1 ? momentum fraction of the outgoing quark (anti-quark)

Polarization
o
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.042001

Motivation: Transverse Hyperon Polarization

=0 (uss), 27 (dss), 27 (dds), and Z*(uus), Z°(uds) polarization

POLARIZATION
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K. Heller, Proceedings, 12th International
Symposium on Spin Physics, Amsterdam, 1996
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* Negative polarization for A, 2%, and £~
* Positive polarization for Xt and X~

« ¥0 seems to have the same polarization as X and £, and
opposite polarization than A even though they have the same
valence quarks (uds)

IA" T T T T T T
— O —
" ® A° (ref.7) 7
0.2 L 7
é : + 7 2 (dds) s(ud—du%\
g AO
LTV
a -0.21 H? + T
-0.4F + - E_(SSd,
1 | | 1 1 1 1
0.6 0.8 1.0 12
Py (GeV/c)

E. C. Dukes, et al. PLB193, 135 (1987)
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https://inspirehep.net/literature/435270
https://inspirehep.net/literature/435270
https://doi.org/10.1016/0370-2693(87)90471-0

Motivation: Transverse Hyperon Polarization

A (d3), Q (sss) polarization

* No observed A or Q) polarization
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K. Heller, et al. PRL41, 607 (1978) K.B Luk, et al. PRL 70, 900 (1993)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.70.900
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.41.607

Motivation: Transverse Hyperon Polarization

>t (d55) and ™ (1553) polarization

« X% and X7 both have positive non-zero polarization

« =7 and Z~ both have negative non-zero polarization
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K. Heller, Proceedings, 12th International Symposium on Spin Physics, Amsterdam, 1996

Why are some hyperons polarized while others are not?
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https://inspirehep.net/literature/435270

Frameworks to explain A polarization

Phenomenological approach in explaining transverse A polarization in

unpolarized collisions has focused on:

* Polarizing transverse-momentum dependent (TMD) Unpolarized p, =(©®
fragmentation functions (FF): D#/q (z, ki) - _ 6, -6 - O G, - @5 — («5
pin-spin
* Fragmentation counterpart of the Sivers TMD PDF | correlations . (I)\ ~ %\
1 L/ v/
e Polarization from convolution of a twist-2 TMD
PDF with a twist-2 TMD FF D;=(t<3) - (©) Polarizing FF
. . . Spin-momentum F
* Higher twist multiparton correlators correlations ©-@® - (@ Collins
1 = \8J 1/ . -
* Higher twist effects alternatively provide Transverse-momeritum: S i e
dependent FFs i@ - @ - @) B (@
sensitivity to spin-momentum correlations in - =~ LI >~

hadron structure and formation

M. Anselmino, D. Boer, U. D’Alesio, and F. Murgia PRD 63, 054029 (2001)
Yuji Koike, et al. PRD 95, 114013 (2017)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.63.054029
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.114013

Polarization Measurement

Transverse A polarization

* A hyperon: my = 1115.683 + 0.006 MeV/c? and ¢t = 7.89 cm
* A - pm™ self analyzing decay Y

* Transverse polarization measured in the direction normal to the A hyperon

production

and beam momentum: 1 = Ppogm X P

* The distribution of 8 for polarized A:

dN N * *
Toegr = 5 (1 + anPcosd )eo(cos 67)

an = 0.732 + 0.014 [PDG 2022]
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https://pdg.lbl.gov/

Large Hadron Collider beauty (LHCb) Experiment

* Forward spectrometer with precision tracking and particle identification
* Designed to search for CP violation and rare decays of b and ¢ hadrons

* Pseudorapidity coverage 2 <n <5

ECAL HCAL
SPD/PS M3

Magnet RICH2 M1
3

/1 /[RicH1
/ TT,

........

OPEN-PHO-ACCEL-2017-005-1 2008 JINST 3 S08005

Cynthia Nunez University of Michigan



https://cds.cern.ch/record/2253966
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/pdf

LHCb Experiment

* Particle identification optimal for u, @, K, and p

* Various data sets available at different energies for pp

Cherenkov Angle (rads)
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Int. J. Mod. Phys. A 30, 1530022 (2015)
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— 23— - 2022 (6.8 TeV): 0.82 /b
. 2018 (6.5 TeV): 2.19 /b
21 __ . 2017 (6.5+2.51 TeV): 1.71 /tb + 0.10 /fb
. 2016 (6.5 TeV): 1.67 /b
18 i 2015 (6.5 TeV): 0.33 /b
. 2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 fib
1.6/ 2010 (3.5 TeV): 0.04 /b
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https://doi.org/10.1142/S0217751X15300227

Collider data: pPb and Pbp

* Access to higher |xg| Aand A

Forward pPb:

* Proton-lead data taken in two different collision configurations with

different rapidity coverages

Forward: 1.5<y*<4.0
Backward: —50<y*< =25
2013 Data: VSvy = 5.02 TeV
2016 Data: \VSny = 8.2 TeV

L
| max(pp)|

Xp = - \/M2+ 2 sinh(y*
F p7 sinh(y™)
SNN
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Kinematic Reach: pp, pPb data

LHCb xr kinematic reach overlap with HERA-B pC and pW collisions
0.6 GeV/c < pr < 1.2 GeV/c, —0.15< xr < 0.01

B L AT Q F T~ T
20000 B - i Pythia 8.303 Simulation 0.1 \
- : : 1M Minimum Bias X —é_
20000 A, G Selected (A+A) > pr V] s, S SOPVITRPARRRE L B
- c o © 2<Mpp <5 "
B : © Ppn>2GeV 04
15000 - E — pPp VS_NN =5.02 TeV N
B = === pPb |[s,, = 5.02 TeV -0.2F
e Pbp |5y = 5.02 TeV E m ATLAS E =7 TeV
B - © HERA-B Vs =42 GeV
100007 - 03 4 E799 Vs =39 GeV
- . - ¢ NA48 Vs =29 GeV
B : -04 X M2 Vs = 27 GeV
5000— : - s 0l ; Lonnnl .
C : 10 10° 102
B ™ : Xg
100—4 o redoll L;gg .l | = |.1|(;_2 I [ 10_1 J eobolddl ||1
Ix.| ATLAS Collaboration, PRD91, 032004 (2015)

Pbpdata is x; < 0, comparison of bins for P(—xz) = —P(xz)"
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.032004

Fixed Target: System for Measuring the Overlap with Gas (SMOG)

* Unique to LHCb is the ability to collect fixed-target data
e Originally for luminosity calibration of colliding proton beams

* Injection of noble gas (He, Ne, Ar) into the Vertex Locator while one of the circulating beams

produces beam-gas collisions

g 10? = Beam Energy

@ 10 .;— 2500 GeV

© F B 4000 Gev

_5_;5 Uy Bl 6500 Gev

O -

Q10

o F

£ 107 J I I

"é' pNe pHe pAr pAr PbAr pHe pHe pNe Ne PbNe
= 2015 | 2016 | 2017 I 2018

LHCb-PUB-2018-015
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https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf

LHCb Experiment

SMOG Kinematic Coverage
* For Epoqm = 0.9 — 6.5 TeV

* Center of mass energy per nucleon-nucleon collision: \/syny ~ +/2ExyMy ~ 41 — 110 GeV

* Central and backward rapidity : y* ~ arcsinh \/EN/Z(MN) ~3.8—-4.8

107 . . ' '
8.16 TeV pPb Other Collision Systems . . . .
| = LHCb LHCb 110 GV * Allow observation of particles with large |xg|:
10°r o ATLAS/CMS B HERA
I ALICE Pb P 2
105} ALICE Muon % & =N I L :
Pb - ”l XF = | max(p*)| ~ S M? + p'lz" Slnh(y*)
T 104 &.@ -n || I L VSNN
o}
S 108 - xp <0
102 * Relating xr to x for two colliding partons
I~
® — .
101} P 2 as Xxp~Xxq1 — X, then large negative xp
Gluon saturated region (He.Ne, Ar...) .
100 s 6= R = 5T 700 corresponds to large x in target nucleon

X
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SMOG Kinematic Coverage

VSyny = 110 GeV  /syy = 87 GeV \/Syny = 67 GeV

\ |

—
S
¢}
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LHCb-PUB-2018-015

1 IIIIIIII | IIlIIlll

[S—
)

A Yield: (50.7 + 0.3) x 103
|

| N L ! L ! L ! ! | L L L L |
Compare with HERA-B : —0.15 <xp < 0.01 1100 1110 1120 1130
m(pr*) [MeV/c2]

LHCb Collaboration, arXiV: 2205.09009

* Expected xp reach forp with 12 < p < 110 GeV T C——
Feynman-x coverage of LHCb for p in pHe collisions ; 10 2500 GeV
0.4 o 8 4000 Gev
><u. "g 1 [l 6500 Gev
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0.3 Em‘
0.2 gwé
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Ny - LHCb —— Data }
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https://arxiv.org/pdf/2205.09009.pdf
https://cds.cern.ch/record/2649878/files/LHCb-PUB-2018-015.pdf

Run 3 upgrade: SMOG2

Addition of target storage cell installed for Run 3, which allows for an increased gas pressure

Higher luminosity measurements than SMOG

Located before the Vertex Locator with well-defined separation from the pp interaction point

Wider variety of target species: He, Ne, Ar, + New: Kr, Xe, H, D,, N>, O,

Target Cell VELO

\

BiimmEiimmmyeEEn

1 — — — {1 0 st -4 40 . - - —— )

LT

z=-500 mm z=+700 mm
cell edge r=5 mm zl—PO RF-foil edge r=3.5 mm

LHCB-TDR-020
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https://cds.cern.ch/record/2673690/files/LHCB-TDR-020.pdf

LHCb Experiment

Run 3 upgrade: SMOG2

* Run 3 preliminary data shows a good separation between SMOG2 (pAr) and pp vertices

* The pseudorapidity distribution shows reconstructed tracks in the Vertex Locator being more

symmetric for pp collisions and more forward for pAr collisions

Run 3 data

180 Interaction region (pp)

>

Candidates

160 —
140 —
120 —

100— SMOG?2 cell (pAr)

»

80— >

60

40

20

o
o
N

rHCD
S

Run3 commissioning

Preliminary

Normalised distribution
I

-600 -400 -200 0
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LHCb-FIGURE-2023-001
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https://cds.cern.ch/record/2845444?ln=en

LHCb Experiment: Future spin physics prospects

LH CSpl N PrOJeCt Pasquale Di Nezza
Friday, Sep 29 3PM
e Supported R&D to add a transversely polarized target 104 T ARl ———
- LHCDb fixed target
by 2029 103 ® COMPASS
 Polarized physics at the LHC by installing a polarized — [ ¥ HERMES
S . A E288 »
target in the target storage cell G 10%- Vv E28
og - > E288 ﬁ
* Polarized quark and gluon distribution at high x , < Es05 =
10 7* Tevatron (Z prod.) ° : : o ¢ 4
and intermediate Q2 B LHC @prod) 982 2¢ ° o ]
Test depend f quark and gluon TMD 1 s#feo® . )
est process dependence of quark and gluon S 10-4 10-3 10-2 10-1 1
 Complementary measurements to existing and X
future SIDIS LHCb Collaboration, arXiv:1901.08002
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https://arxiv.org/pdf/1901.08002.pdf

Hyperon Measurement

Measurement of other hyperons

Particle Makeup Common Decay Mode Branching Ratio
p+m 63.9+0.5%
A? uds n +m° 35.8 4 0.5%
p + Y 51.57 £ 0.3%
xt uus n+mnt 48.31 + 0.3%
50 uds A +y 100%
X dds n+m” 99.848 + 0.005%
=0 uss AV + mf 99.522 + 0.032%
B dss A + 1~ 99.887 £ 0.035%
A+ K- 67.8 +0.7%
Q- S55 20+~ 23.6+0.7%
2+ 8.6 + 0.7%
PDG 2022
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https://pdg.lbl.gov/

Summary

* Transverse A polarization was first observed over 40 years ago with values up to 30% and has

been linked to the process of hadronization

* The high energy from the LHC and coverage from LHCb’s forward geometry will be
interesting to study transverse hyperon polarization at different energies and collision
configurations

* Ability to perform comprehensive measurements of the polarization of A and A as a function
of pr and xr using the LHCb detector in a kinematic area that has been poorly explored

e LHCb measurements, along with eTe™ and SIDIS measurements, can put us in a better

position to understand transverse hyperon polarization
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Backup: A Polarization with other beams

SIDIS us]ing 27GeVe _I beam on vari?us target nuclei Inclusive A production and polarization in 16-GeV/c m — p interactions
TTI1T T T T 1T 11717 T T T T 1T 1r17T7 T 020
i i FEYNMAN X=05 - 0.8 - - -y .
<015 Ne ol « SIDIS: Polarization positive in
a.
oo 5 4He ® . this paper, both forward and backward
VT H N z »* T , A : Bayachauduri et al. . .
* E-om ’_+ 3 "TE{_‘—}——' o : Lomanno et al., dlreCtlon'
I Xe | £ _ _
0.0 + 1 g l i% Fy * For K™ and X~ beams the
~0.20
0 } 1 } } } polarization was positive at
I i i { ! positive xp
-0.05¢ ‘ oo oz oo o o s a0 7~ beams the polarization was
bl I Lol Il L1l 1 . . .
1 10 100 PRL50, 313 (1983) pOSlthE at negatlve Xp

atomic-mass number A

A measurement of A polarization in inclusive production by Other not shown:

Y of 340 GEV/C in C and Cu targets . The same polarization Sign

oo Polarizatlion of A’s {(‘p interflctions at'176 GeV/CT Y AR e P P R P 2 AR e o g P ot gy and general xr dependence
o s+ THIS ExpeRIMENT o= AX ; S B , has been observed for neutron
O s} B | 10 " ﬂ%x ¥ " ;j 0 1F 1F Af*‘% B beams
= R o X0 P X * r}e‘%« K 7
.25 b R 0 [ S | o N N S | e |5 g s ..
NI Rl M E P R ] * The polarization was
— . c L b e AL 1 € 40k JE JE JE 4 .
T _as} e " £l b ol B ot it et o e measured to be consistent
6’ el e » . . ] § " _p|=0,9 __p|_1,1 ;_p:m Jfr=t1s ] '§ 5 | X =0.55 ﬁ_xp=0455 f_xF=°475 _—XF;\;?"SS E Wlth Zero for
T _ s} E = g T oba e % Ikt nt and K*beams
' b, ' (GaV/e) N LA i Jr 0 *% [ * Polarization measured in v, N
d 1t hd 5| SOE S T1E 1 I %1 i i i
PRL 56, 2244 (1936) wof o g T owep 4 conS|sjtent with unpolarized pPp
0 05 0 05 0 05 0 05 1 O 1 0 1 0 1 0 1 2 experiments for both A and A
Xe p, (GeV/c")

EPJC 32, 221(2004)
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Pythia8 Simulation

Kinematic Reach: pp, pPb data

DOI: 10.1007/s100529801045

<
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LHCb ions and fixed-target data

Sy =82 TeV /SNN =50 TeV
Collider mode
P Pb Pb Pb
sy =110 GeV \Sw =69 GeV
c — & — &
Fixed target mode p Gas
(He,Ne, Ar...) Pb Gas (Ne, Ar)
i &
a 10° Iz_ Y 102E Beam Energy
S E B 5, =502Tev 2 E
2 e B 5. -816Tev g 10F 2500 GeV
o = g - B 2000 Gev
E - s 1E il 6500 Gev
=) = o
B 10 o110
== a ok
§ 102 é— g 102
= pPb Pbe pPb Pbp PbPb *é' pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
2013 | 2015 | 2016 | 2018 e 2015 | 2016 | 2017 | 2018
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Backup: Run 3 upgrade, SMOG2

* LHCb upgrade simulation shows a good separation between

p-gas and pp vertices g E
& 1 = 10°
.y . . . . = 4 -
* The pseudorapidity distribution shows events being more s |
o . 10°
. . g z
symmetric for pp collisions and more forward for pHe 0 LHCb Upgrade simulation =84 -
2F stand-alone pp -
. . B - ]
collisions 4 2 = R
o 20 30
Number of track hits in the VELO detector
é 30000 = LHCb'Upgrade simulation | = _ |
= — - = ]
:'é 25000 - beam-beam collisions = % 6 B .
8 20000 ;— % beam-gas collisions _; % 4 E
- ] 2 2 =
15000 — — o 104 10
= = 0 LHCb Upgrade simulation
10000 = = 2 stand-alone pHe 10
N E i
- = T R TR
0 400 200 0 200 Number of track hits in the VELO detector

Simulated PVz [mm]
LHCb-FIGURE-2022-002
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https://cds.cern.ch/record/2804589/files/LHCb-FIGURE-2022-002.pdf

Backup: Measurement of other hyperons

* To measure non-zero polarization, one needs to have both nonzero a and P

e For A use az = —ay, considering CP conservation

e For the decay =+ - pn® has @ = —0.98 + 0.017, which makes it easy to measure the
%t polarization through its decay mode

* ¥~ -» nn hassmall a = —0.068 £ 0.008 making it necessary to have a large data
sample and good control of systematic errors to get its polarization

e 27 = An” and ™ —» AK™ information about the spin direction of hyperon is
contained in the A decay, so to extract the polarization one needs the information

from the A decay to determine the parent polarization
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