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2. Article type
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4. Expected length

5. Expert list

6. Seed papers

EHNENREERRITENESE :
7. Author judgment notes (AJi%)
8. Writing discipline mode (FJi%)
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FALBARA T Stage 1 WAEENR | BRLFEA INSPIRE. Semantic Scholar. arXiv/ar5iv, FH1ifx §2i5ig
R, EREZR. seed I B, review RAYE. H# formal line #%. SSTLH0E, HRIE/EXELE
R, HRICER, UREFENM proceedings / short update sweep ; RIS EIE+ERENET B, R
ERERERE, YRSESIEMEA. BRI, (FERENEHIETS%.

stage_1_literature_research_pro...
Stage 1 5RAEY, BifhiLa XLy

® project_brief.md

e reference_pool.md

e stagel_validation_report.md

® canonical_reference_map.md

® bibliography_seed_ledger.json
e literature_evidence_db.sqlite

e literature_evidence _db.json
FEXBMARERBFESIR, #A branch map. maturity map. paper role. canonical-reference
B &N B R,

stage_1_literature_research_pro...
WMEEAREIETVFFSS Stage 1 SKEREAZE, HRARMIY, BIFTHTTROSE, FRTERIVEERLLHE !

Topic:

Article type:
Target audience:
Expected length:
Expert list:
Seed papers:

OUTh WN

~

. Author judgment notes: (AT3%)
8. Writing discipline mode: (®I3%)

B0 seed papers RIFLAHEFE. arXiv. DOI 5 INSPIRE ¥ —, WEIXLEfE, Fmtik Stage 1 i IEXFFEA,

Sources

Topic: E—F % Fhadron in jet for TMD physicsBI%E = 4t
Article type: review article

Printed using ChatGPT to PDF, powered by PDFCrowd HTML to PDF API. 2/38


https://chat.openai.com/
https://pdfcrowd.com/chatgpt-to-pdf/?ref=chatgpt
https://pdfcrowd.com/api/html-to-pdf-api/?ref=chatgpt

@OpenAl
Target audience: i FIEESRMIEER, TMDIUHERFE
Expected length: F/&
Expert list: Feng Yuan, Zhongbo Kang
Seed papers: 1712.07653, 2507.16355, 0709.3272, 1707.00914
Author judgment notes: X, BIEMLEILHMAformalisms/equations/HFZ#E
Writing discipline mode: expert-facing and formula-driven

KBELZZEE] Stage 1 WNFSE, B TRRMINFFIAMBOIAMANE | K3 seeds SEZRE—H, BV E
canonical papers. #ZRXE. EXHKIR. URZTH/BEAM, REHEEMEXBMERIIRS,

FIRBRERBERHINT —R | fRANU seeds BR T =—EHB——FHEIRIRE (0709.3272) . 2017 &
formalism &% #8 (1707.00914 RERFBATIIE) . URKRHMELHK#HE (2507.16355) » XitHEERER
89, EXRFBEH L 4R vs recoil-free #™ TMDFF universality BYISIERRE L 10-1RIC AR X JLR,

HEARIBFLEF E— BB RB branch map 427 -

1) [AR/EXE © Yuan 2007 — DAlesio-Murgia-Pisano 2010/2011 ;

2) SCET/TMD formalism £ : TMDFJF. standard-axis sSiTMDFJF. groomed jet. axis choice ;
3) phenomenology/experiment £ : KPRY 2017. STAR 2018/2022/2025 ;

4) ¥ EB% : EIC. polarized FJF. NE—RILEKS. T—FHIBERELKE] FH Stage 1 =4,

Stage 1 B5EMe RE 1 MY, X—MERFE-HEMIEXEM. RENBSHIEEXH, HE#HA Stage 2 &
HESRHREEIA

stage 1_literature research_pro...stage 1 literature research pro...

BN OHIRE | IRGEREENEL, TNERZZH ‘jet NRFURE", BUANERBATIRLE, M
RZBRMERE N

hadron-in-jet {9 standard TMD fragmentation / transversity ® Collins BJ#R¥T, HASE#E2SE Yuan

2007 ; IGEE M 2016-2017 B TMDFJF / axis-choice / standard-axis formalism 8“4 M BV FEEL 3 5
BEZMHA"HE ; HESUKRFHARNE RHIC/STAR 89 2018, 2022, 2025 FH#EE,

BIBEFED T @ EE branch,

FE—RHAEIEXE : Collins 1993 44 Collins fragmentation function BYEXESL, Yuan 2007 EXIE pp
i jet AR FHIAIA DS transversity x Collins BAMAERER, FEf5 D'Alesio-Murgia-Pisano 2010/2011 18
AN E D ER G o arxive

F W formalism £ : M hadron-in-jet B9 collinear/NLO baseline, ®) TMDFJF, BZ recoil-free/WTA
axis 5 standard-axis X%, X—XRET later writing FATNEZEALT . s physics:s

% =2RHIC phenomenology / experiment £ : 2017 £IEEHN5 STAR #9 2018, 2022, 2025 NEHIAL
B X BIF IR, woriress

FEORY B4 - groomed jet. EIC RFFEF. URE—ARA polarization extensions, XLEMN{RE, BRNIE
EXEEH anivs

XRERE, — M ABAWE#EESRNES R | axis choice AT, MEXRRIRFTE, recoil-
free/WTA ##8 X X#k & standard-axis hadron-in-jet X#E#RMAY TMD object HRRFREE 5 M 1712.07653
AR5 groomed-jet &EIEBS B4R formal extension”, AEXERPESIRAIBTo aniva

B—NEEREEEFENAZ 2 Sivers / factorization-caution context, hadron-in-jet BYREH# A RITIE
Sivers process dependence, BEBXZFLENELL, MAIEXEMM “TMD fragmentation / Collins probe”
fifRm ; [EBY, %*F generalized TMD factorization BYE RN ENA RN, MARLENXEME, a0

BRRAFRET 20 BEMMEER, BB XiEE4 Stage 2 DRI, Stage 2 BY deep-read Lk, HERE
N EHEGF © Yuan 2007, DAlesio 2010, TMDFJF 2016, axis-choice 2016/2017. standard-axis 2017.
RHIC Collins theory 2017, U STAR 2018/2022/2025, BERANIBIEN—Fo anive
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HIEINE | HRiXEUhBELBB# A Stage 2, FRIFMEIEXEE DMK
1) groomed jet for TMD physics, 3§
2) Sivers/process-dependence line,

enAl

FNXE pool BEL LML SR Y AIHEM S expert-facing, formula-driven"E3R, iEMIAREIZXE Stage 1

53R A Stage 2,

Sources

Mik. {BEi5Lhadron in jetIETMDYIERHNMRIERAAEL, TAREEM LR LM, MUformalismAl
KIERNZE, HiformalismAhERNZIE, I BE&F, RTRELTIN/LIMARN, BARMXFE
FA-in-jetfVfiTt. X, BIEMLEILEF EBformalisms/equations/HFRKZ#E

3, Stage 1 EREHAE,
BRI TEXEERETENEEM M ELRLR
o X4 : hadron in jet 7£ TMD YRR (ER
o NEZEEPH . FEEERLLRLE
o STIELEM : L formalism + experiment 4%, Hr formalism BERE#
o ¥ BAMIT  MA A-in-jet FHEXIAZE
o BE{EIEENRME | ©X. BB, Sit#» A formalisms / equations / ¥ 1%
XEMREELE Stage 2 AT, BARRFHIRILXLIEMEIIIRER |

1. hadron-in-jet #faI¥EA TMD probe FIEX S AIMUEAT

2. 3[ZHY factorization / TMDFJF / axis choice / Collins-transversity / polarization 2 formal lines
3. EXEIL AN XRRESR. Ba. ARNLKRESR

4. A-in-jet fEAYT BAANH BIEEWE IR formalism

ERE 8B 2 MY
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. File

B2

REEEE 2 M. TS Stage 2 ALGS | REAE—MEH handoff, R RIERITAIFFIRME
BAFRE, TRIBEHREMERER,

HEIRTTE 2 PN EWY, Stage 2 M Stage 1 BY project_brief.md. reference_pool.md.
canonical_reference_map.md. bibliography seed_ledger.json A NFREIEEL & , ORI + BEME
R, MAREHRENE ; FIEXNFEE, ERRFSTAMTISBERARA LR HFTEPE,

stage 2 _literature reading_prot...

FHiXiO Stage 2 AOXRHGEEHRE -

o FE2MNEIE;
e Stage 1 handoff 258 ;

o MR ELLIRBEBIE -
M hadron in jet 7£ TMD ¥EHHNHERIEANEL, FEMLERL ; formalism AEFREZE,
experiment J9Z# ; A A-in-jet ; X, . LILTWEH equations / formalisms / FF i,

PRIEMRIIESHM TR, BUERSIE TEHIEIARE#H A close reading :

e Priority 1/ theory-deep-reading :
Yuan 2007 #25 ; 2016-2017 B9 TMDFJF / axis choice / standard-axis & formalism £ ; {R4589
1707.00914 REE#HE X formal papers.

e Priority 2/ strong support :
RHIC/STAR #8% papers, @3EfR4H 2507.16355, UREREN X BLL/MRFTHE, TEBTRN
B, REiLXEERERER,

e Priority 3/ historical-definition layer :
Collins / transversity / polarizing FF / relevant TMD-FF & 3Rk,

¢ Priority 4 / extension :
groomed-jet 5 A-in-jet 8% papers, BE B&%, BRIBEL,

AEBIRRANREE R 2 —BIA -

1. RRRBRAIRMASLEZIEMIEX

2. REREHTHA stage 2 WAFPMEL | Efg. RXXH. BR. BEX. RAER. XHRBRES
fRIE#Z[E & FEXFEIMIT

Reading priority update:
(£ / SFIHEMRTLENIEX)

User materials:

(£ / HEEXHHIRARR)
{REl 8 “X4hFT, FFig Stage 27, BEIEXHANBKEIRS MR,
Sources
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SNRIR R VFRR I B R BB IX R 4R 2304.03302, FHEINIRIFIER—T2304.03302 A EEIFH1IBEAE
RSAMNPEIEEZHIE X hadron in jetlVE RHERE. REABAMEEEIT.

210 2304.03302 MNA Stage 2 WERE, BEEEMHRAYRERKEHNT, FNLITHTRELBENEL !
XEHAZ hadron-in-jet fE9 TMD probe BIMERER, MAR—HR TMD 4,

4%, 40 2304.03302 (TMD Handbook) 1A Stage 2, EWMLZEATENAERERIB/NEERMEHE | X2
—88 471 TINSGZEFM, BS TMD RIEICEM. MKRFSLED, MEEELEERIIE Zhong-Bo Kang
# Feng Yuan, aniv

HEXFERE, MARULEXERR :

o AT KA TMDFF / factorization / evolution / notation AL R SAEES o

o BIEXELAEEN . hadron-in-jet {fE TMD ¥ probe HWMERIEA, 7L standard-axis T
B hadron-in-jet formalism A0, MAREMR—& TMD £HRsLi4R, X FiX—, hadron-in-
jet B9 X B formalism XERBAMA5RIAE | H5R FAERIEMEXT standard jet axis EXBY, #H X X5Ro]E#EEX
RE)EEH TMDFFSo andive

o RERFIEH A-injet T BERLRIWA, MARFT BMABESE"NAUE ; WE A-in-jet XHBIE

A% hadron-in-jet / TMD fragmentation iX5& formalism B o v

MAERERFA Stage 2 XEFERESMEHRE. 6 SMSRETFIRINAR | formalism AEHE,
experiment AFFEIURFH ; EX. L. LiLHES equations / formalisms / HFZ#,

EHEE, {FARIFIRICER.

I Stage 2 WIRIEBIRBIE—T | XBRARZE, MEEIMEUERE——ANNEE X
factorization/formalism B2ZR. BeZIEICAMHFLER. UK A-in-jet B,
KELWIAT —MBE X B S © 1705.08443 BUHR M formalism 5 1612.04817 BY recoil-free/WTA 4
formalism HRERLEMERHINEE, BURNNBERFE standard TMDFF' &R E. XTRELETE
EERE, MeEXBERIBR,

BAEE T O, TIMERBLEBERIUBIER Stage 2 i, £—, XELFINELNZER - hadron-
in-jet {fEJ0 TMD #1328, KHR transversity ® Collins 545 TMDFF BMERIRE, LRI H M IEAEFES
B#HA, MARIBEXER STAR AR &BH, XMHIMERSRE Yuan 2007 AE S, Kang-Liu-Ringer-
Xing 2017 BYFRAES formalism. KPRY 2017 / D'Alesio 2017 BJ RHIC I5R%, LUK STAR 2018/2022/2025 HY
i&(ﬁﬁli$o arXiv+6

[ASEkC= 5, Yuan 2007 BEEAH T XE&R/IMBE R FRH formal &0 @ EE
p(Pa, St) + p(Pp) — jet(Py) + X — h(P,) + X,
FiOEE B hERS B

Sr||P
do = doyy + w\lﬂ sin(én — ¢s) dorv.
h
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H—5 NG, FRFMERIER transversity 5 Collins function 89 1/2-56894A 4 ; tRIESRIE, XE#HAMN
Collins function 5 SIDIS. ete” FMRRA— MR, XBELEEELRFRE— caveat : XRWXER
canonical proposal / universality argument, FRE¥RARER SCET formalism HREIEE, X

=N

E="assume factorization”o arxiv+2

BIERAEMRXELRE formal B 08, & 1705.08443, 3B hadron-in-jet BIEMMEE X A% F standard
jet axis B jr 96, H7E jr < prR B TMD KIFEEIT factorization @ AJAE R

dO’hNZfa®fb®Hab—>c®g(’;la

abc

Hrh G 2 siTMDFIF ; BEEB1E TMD KB CESMAEICEL. in-jet soft function 53&% TMDFF B9%8F, 3¢
MHNEREENFARERNES, MEMIEBEE—EEEH | 5—, RE standard axis B hadron-in-jet
FEEESR standard TMDFF ; 5=, XPEEFRBE TMDPDF, Eittth SIDIS ="F 4"t probe TMDFF,
E—EXEXBHIEE - TMDFF # in-jet soft function & E% rapidity divergences, {B“proper” FIRFAE
rapidity-finites arsiv+1

B3Rz, 1612.04817 BAER"BERINR XIE#HE | ©iTieHZrecoil-free / WTA B8 jet-axis TMD
fragmentation, BB NI RAVFERZN soft recoil RERR. &F rapidity divergences. MH process-
independent ; BEERBIRELEE IR standard TMDFF, tEtRi%, EXIMRIX axis choice, BB
EHE X N A EHRERNBERIA SR, MAREIERE R ETN TMDFF", 1610.06508 NS —THER
formal precursor : ©18 TMDFJF BBF5| A SCET / SCET, 5 rapidity RG FUIBEE, BANANRE
quarkonium-in-jet, 1B3% later hadron-in-jet formalism REZERIIKo aniv

2017 EMREMKFL N BRI USIMENL, KPRY 2017 BIfEA, 2B SIDIS 5 ete™ IREXZIAI transversity
# Collins FF E###E] RHIC hadron-in-jet, H23{i1i€ universality + TMD evolution ; EiXERHR A
standard-axis j| &2, DAlesio-Murgia-Pisano 2017 M2 LO B generalized / simplified TMD-GPM E&

£ . ©F R full SCET proof, EEMMEETRAATHEHSH, EEELCE transversity/Collins HAEME
RHIC, HEBLZIEE jr K ERIsEEEK I, MFEXRFIEXTEZLE /K formalism-different but
phenomenologically convergent"B3H172 5, MARRE —Ro 2

ERMFXEXY, RRONREHEL", MRS HF. 2018 STAR 500 GeV AHE—#HER : 23pb L.
FHFRARAL 53%. 6 < prjet < b5 GeV. |n| < 1, HERS jet pr KIHEXEER XF 50 BI3ES Collins
asymmetry, 2022 i 200 GeV Z5RBWHY B 7, K, p, FHEBEKHHE Q2 < 900 GeV? ; HR L HoEH
W, xp > 0B 7 5~ asymmetry K. fI5HEKk. 2448, A 200 GeV # pion Collins asymmetry
55281 500 GeV £5RAAF. 2025 B9 510 GeV SFEEEHNR X% | ©EAL 320pb ' #2017 KiE, 2H
500 GeV £ERFEHT 13 15, HTEHHE Q% < 3400 GeV?; 7 0.06 < zr < 0.25 MEBX, BAMK
Q? K#9HEZ 6 15, BFAEEM asymmetry MAEIHER. XERREENMF L formal Lt "MWRERF :
RSSREIRERH / RSB TMD evolution, RFFAEETHF universality fZE, it 2025 XEHIEHRYE
T—DMRIEHEIRR caveat | EK jr. K z &, BREHIBMBEREK o anvwr

A-in-jet RE B4, BRUEELMA, METIEL Stage 1 HEEE, 2024 FIIEIEXEIL unpolarized
pp — jet AT X B4 collinear. 5k TMD fragmentation 89 hybrid framework, H3EIUMEE XK

do' — dot

A= dot + dot’

THYIEE XGEEESIRNSR | X2 hadron-in-jet M pion/Collins 3&@&# EZ polarizing

fragmentation function B9XA A, MERNA quark & gluon BEER—HILMHA, ©EEBERIDEEE
E#%%4 gluon polarizing FF 295k “golden channel’Z—. 2024 RV ICTHIRIZE | 5 HEY STAR &K
BAAE, HEEN I gluon polFF BIA/NE#IS ISR, Eit—%, STAR BFE 2025 ELH 7TED A/A inside-jet
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BARCNE | HEEERS A RILAK jet pr MAKE, A ASREBHE, XERATFEAT E—R
hadron-in-jet BieRE"NRIFRFTZ o avives

HKELIEXR close reading I ER 4 REIERL TR B FEER !

SREENEFLRE, RAAMEREXE | ** g8l standard-axis 5 WTA-axis JEE ; T EEIE STAR
agreement Ef§ factorization B9“JEBR” ; REEIE D'Alesio B&£&H full SCET BR&AB B —E4k B formal
statement ; WARBEILIESCESEI SRR, **RENRIMTESEEBERL, PIUFNIEEE Stage 2/ Stage 3 AY
Tﬁiﬂﬁo ar5iv+3

9F, 1HHLR,

BHFETHAHES | —RIBEL formalism BEXR"AIEEHLSREN"NER, Z2E A-injet. EBL/H
B, U5 SIDIS/ete” X RMT, BIEHLLBREI LR,

HXHINT —MBEEAYET ¢ 2020 BY polarized jet fragmentation framework FTLGE A-in-jet &7E#E(D]
[E—2% formalism 4, PR A-in-jet MERR 2" EINGIF", MEEESR{L"hadron-in-jet BE—% TMD
fragmentation probe"X—2it 5,

BHS4SZETET, X—RIBGHRXBNEH—SLIT,

F—, IEXH formalism EiHMERIMUERERE T © hadron-in-jet EIRNEBR T, AR LNER— " RELE
. NERZ jet =EB collinear factorization, RER jet W hadron 183t standard jet axis B9 j | 53 %RFR#
TR TMD factorization, KPRY 2017 EEL#EERICBEFEZEE K

pT(PA7 ST7¢S) +p(PB) _>jet(777pT) h(zhajl7¢H) + X7

FENX
do : sin(gs— ) sings—on)  Fpps "
— Fyy + _ ) FRGs—0m)  gsinGs—om) _ ToT
dn d2pT th dzjj_ w Sln(qss ¢H) ur vr FUU

EMMNNLO RRE, Fyy B f® f ® Dy ® HU 4, ™ F[Sji;(¢s—¢11) MEd h$ ® fip Hllh/c Q
HOolins gl bR, X T EHIROFLE transversity ® Collins TMDFF, [F—EBX SRR, XE
B2 collinear + TMD BB S factorization, 7 EE7ER spectator/Glauber [A@HFEBENEXEEEIE
R 5 XA caveat LUGIEEX BHIRE o aoxives

%, axis choice % EFA AWM, FEER UM ARIET, 1705.08443 XEFZIRFEERE - REY
hadron Fi#EzN2 2483 standard jet axis EXBY, FREEEER SIDIS 5 ete” FAEN A TMDFF ; HE
X observable Rk#t TMD PDF, FrlALt SIDIS EF4ith probe fragmentation. S LtAE¥T, 1612.04817
HZEHIZE recoil-free / WTA —Z85 FEIIIER, BT soft recoil REUE. & rapidity divergence. FEHEHFH
—ME X £ universality, BEEARIIRXRXEELER standard TMDFF, X MNMAFRMERIRFIWE, GE
MRBEEE. asve

F=, RREMHMERTUERSAMIRS T formalism”, MABEEIFE, 2022 Y STAR 200 GeV i XIFEEH
B, EAEARRRE—MERT asymmetry"H&EE, MeIE 2. jet pr. jr. zp KFHEEF T, ©HHMAINR
pion Collins asymmetry B 2z #l jet pr 18K, Ezr > 0NEX, 7" 57~ FEMEK ; £0.06 < z7 < 0.2
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MESX, 200 GeV 5IH 500 GeV £RIEE, REHENM Q? KAET 613, A"ES RERBHIEERK
#'s FEEMNRE, STAR BT DMP 5 KPRY B MEEY : KPRY EM L EHEIE, EMEES jet pr &
{RIE ; STAR X455 3EEE, unpolarized denominator AEY gluon-jet TIEATE—LIRICLLIRBE R T NE, L
HRSEME pr. K z X, XEHBRUEFRBEREEN"HF caveat”s ax

2B, &=#H 510 GeV SHREELRIT G X MEICH —FEL T STAR Fidii 2017 BUEEKRLIE 320
pb—l. FEHHEFMRIL 55.0¢1.4%, FHEZIH 500 GeV ERZER 13 15, MIINELEILE : 200 GeV 5 510
GeV B Collins asymmetry £ [FE zp KIFRIE EE 54, RAEXAD channel F asymmetry JLFRER
M, 5% NEEBHREKE ; BIGISWNR#EHT Q? < 3400 GeV?, REXBIENIEHEREE
XEBRILN _E55581L", F4A universality/evolution HEAN T 38295, ERREEHFREIECEIIRAT T8
factorization formalism, v

FH, Ainjet MEARRZEY BOIF", MEERIRIEREIES. 2020 BY Polarized jet fragmentation
functions EZIE—MRIL hadron-in-jet Bi#4E— formalism : BEii¢ standard-axis FH#E0EE) TMD 15
2, Wit R shER collinear 1&H,, FBBAMAE longitudinally polarized A 5 transversely polarized
TMD A YBIF, IARENE pp 5 ep FERRBELIE spin-dependent fragmentation #5& 17, 2024 # A'-in-
jet XBENE#H—F, BEBMHIA collinear. k7 fragmentation £RE TMD B9 hybrid framework, #3213
XA IZEBEE %A gluon polarizing fragmentation function, XEKERREHIXERMUEBAMM
pion/Collins F 453 EEIE—MZEY fragmentation physics, MABEREIB — P TR AREHIIET, aoives

BRI T — MM EREIS, HEMRERIEE !

RIMENME, EERKBEFTHENHREE | —FI8 Yuan 2007 — standard-axis SCET — KPRY/DMP —
STAR XX F &AM NRMIZIEHEOBESS ; —=ZI8 A-in-jet / polarized jet fragmentation B formal fiIi&
AR, LERAYT BAERIeEL"

HFTR—R D WTFRE, ESHNNERNZEITICRENERMAREWIZE, LNMUEAasymmetryRy
KN, HFERII NNV FRZE, KRIREFELT, BRAEEERfocus, Bk

KE|, BREIREIORBAEBRKE | M WNEREXT, LHR asymmetry AN FFS. BE

z, j7, pr NT(LRES, LUIRXLEELER YT formalism / universality / evolution BI323% ; SIS E RIRZET B
RRERNRIEE,

KE), BEARIFXNERIBLEHOMIREBITAE—SIWET | BEFHEIDIRIREMA. RS, FER
EXLET |, MEMRLIRE asymmetry WS, KU\ B pr/z/jr/cr BECHE, UBXELERR
Collins formalism / universality / evolution BI&J3R, LIIEERIRBIEBEBRERNR/NEE. oo

B/ 2018, 2022, 2025 =/ STAR R &R E, TREENZMEREEREER T,

2018 K5E—H#t 500 GeV R TR A" BRIS", MBELATH—MEBERNEN ( T op > 0. BE jetpr
Xi, 7" asymmetry NIE. 7~ A, MEAEREZXINNPESR ; NELEEE, &S bins AEAZ)

7wt ~ 4+0.03 8 +0.05. 7~ ~ —0.03 B —0.05 WEL, M zr < 0 ARSI 0, XEIEX AKX
2 polarized pp E—RILNBIFES Collins asymmetry, EE4iBE 5o, XALERFEBMYIEEN,
2E—XNBT", MREEBXKEWH S favored / unfavored Collins fragmentation —X M IEfHSHH,

arXiv+2

2022 19 200 GeV ERIEX M EI SN B X LRINHEHR"B T ZHKHIEM". SBRE AW pion Collins
asymmetry : XHSLERWEN, 77 5 1 B9 asymmetry £ zp > 0 RET A, FEHEREERET ; NE L
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BE#i%, Mjet pr 80, ©° ABEER) +0.02 ) +0.03, 7 F —0.02%F —0.03 ; £ 2 W bin B, 4
BEEH—TIBABIALY 3%-5% BRF). BXENE, STAR BEMIEH 2 & jr fBIABAI 2 EN, XEEXM
Eé;;: gIobaI fit E"JE*%; ﬁ'ﬁz:ZEE_/I\E_”X%J\EgE,‘JéH}%o arXiv+3

XMV ELIEREE, HAERALKRHFARRE FE/AEFE asymmetry" XN EHEZE formalism, M2
BELEFANEEABRX S FAEER, 2022 iI63XEEH @ & EHIEERRA KPRY, BERS jet pr XiK, MWIEHE
RIERRIE ; BEHEMMEA 77 asymmetry 7218 2z 3 & jet pr &, RAEMEMATRAEIBICTN. X—=UG
TSR B SN E R BIEE LT AR formalism NRE", MARREEILELI—"s v

2025 BIFEHFEEE 510 GeV EHNIE 45 RIXTN formal understanding"#:# 18 Fit, FMA/NMES, MNELERE
i, oy B, 7 asymmetry KBME 27 B9 ~ 0 ZF5HEB) +0.02 EE +0.03 £4, m NEE
—0.023 —0.03 25 ; % 2 BTRH, 77 £ 2z ~ 0.4-0.6 ERE| +0.015 ¥ +-0.025, 7 EAEAXEE
—0.015 &) —0.03 2%k, STAR WX FREWMIEFEIRH @ asymmetry B8 x7 1 z I KMEIBIBE, MER—
T F, 200 GeV 5 510 GeV &R I—B, XiiBEXA channel 89 Collins effect % B 1RSSAIBEIRHEK
mo arXiv+1

PRI, R OMECKENEXIRE=XIEBEN. HHFHILHE.

F—, B4 1" E. n fa, MBE%IET, X2 transversity ® Collins flNEREMAISLIIELL

arXiv+2

B, TIHFEHES  asymmetry BE z7. jet pr. z BAMIGE, HESEMNTES =R/ ED R, BRS
bins E"J 3%—5% E?E%—o arXiv+2

%=, evolution / universality £J5 : 200 GeV 5 510 GeV TES 7 RIFFIE—, BAWN Q2 3K
£9 6 18, XEFFHEI" RANBERISINLREIRZ —o o

EER DN B MENN TS

— N2 kaon / proton : 2022 XFREL4EN KT B9 asymmetry 5t KMEE, MK . p. pAZ5 048
B BEAMIEELGE, E"hadron species dependence”fIz8, BERANEREFEo o

F—1 2 A-in-jet : EEERBAEEXE, KR pion channel BEL&FH (] hadron-in-jet FASLAE D HE (K
fragmentation mechanism ; A-in-jet M#BX™ probe M Collins FF #EE—%89 spin-dependent
fragmentation, XME T —REMEEL, v

BT —SREMmHES !
—BIOXERFLERNIRELFTEM formal statements — W WEER, R EIE—L2R—BF" NEEEE;
TR A-in-jet M polarized jet fragmentation BR&Y B4, BRIFERY B, T8 pion/Collins £k,

BA4SF TN IEMEEERUERERH EXHNER" | FRINEX, MEIBSRETHELIINEZHN
. WRENXHKRLHF L. SIHER, HSIE A-in-jet HE"E—M# spin-dependent fragmentation
probe"BIfiIiE £, MARMILAA—1TE X 2Lk

B#SEE TR, TENECEEEERMERR X EEEHSRIEAICH T .

E—XICHTE | **hadron-in-jet ZFTAX TMD MEBFAIBMNE, FREAN'XZT—1LREE", MERAT
AL IR ARSER ' DET . ¥ IMINEEMS, mZOB observable REiZiZH jet
substructure, MEMEXTF standard jet axis X H hadron transverse momentum jro. 1705.08443 BB
REE L EXPDENXT, cross section AJAEE R #I7 PDFs ® hard scattering ® siTMDFF'BIFER ; HEfE
siTMDFJF X BEEB 9 f#49 hard matching. soft function #@FER TMDFF, BEXEHZE, XEXEEERE :
** 17 standard jet axis ¥, F5 SIDIS #l e"e~ ##) standard TMDFF ——34[Z ; [EATX observable &
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& TMDPDF, [RtbLt SIDIS EF /4t probe TMD fragmentation, **XE L RIREE SR RIZ O
formal statement, arsiv

ETZICHTR  **pion-in-jet B Collins asymmetry AR"ENMERENRNE", Me—NEMIEEERER quark
channel observable, **KPRY 2017 B4R rIMAE4a K —T4IE1E © unpolarized 33 E @& PDF 5
unpolarized fragmentation ¥, B hetE X &85 H transversity ® Collins TMDFF #%£4! ; i TiR4F514E
i, gluon transversity 5 gluon Collins FF #R%EE, Fid gluon R#DE, R Collins 5F. XTRE
5E, RAEHERET A4 pion-in-jet Collins asymmetry 3t quark transversity #3I80%, ERM#ERET A
f+ 7 data-theory LEES % gluon-denominator SMBFEMo andive

BE=RICHE | HAIEBRREBNEILRAR BT AN, MB"XTMFTHHHNTSEH. BEMNERKBEE
RBURGERELR formalism”, 2022 STAR WELEBRBRERE : €2 > 0K, 77 57 B Collins
asymmetry X. SR, BHEE ; A 200 GeV 55l 500 GeV HERIESR, A7 hadronic
collisions A Collins effect 2% X BRFVEREKH. F—RXEXRA, MAEERICHEEE KPRY REMRR
S, BREE prje. > 10 GeV KEFAREBMEEIE, MH 2 & jr BNEEHFAISE, X5RZMUE global
analysis ERIEIERRIRAIFZZ, oo

MRREE LR EFIEHAEIE, 2022 B9 pion Collins asymmetry 7£ zr > 0 NEZREEHMRR" © M jet pr
@k, m KEEEAE +0.02 B +0.03, 7~ B —0.02 % —0.03 ; BiES 2 KigE, EHFHF pion WER
X aedrg R, BHEBZI/INED R, T bin #i 4% 24, SLHEN, zr < 0 NEREZET /), XA
HFIFREEEEXHER transversity ® Collins REEBFIA quark-dominated region A HIE R
X, XEBRERRERAE, TERAERWILE, i

EINRKICHTE 1 2025 NEFEE 510 GeV SR BSSREAAKE NEME NIRRT 4tit LERNEE. STAR XR
X EAN, FBUREMNFERZIE 500 GeV &R 13 5, FOFREL 320 pb !, FHFFMRIL 55.0+
1.4%, |®X#M physics message FEXEIGE, MR | EHEA 2 XEE, 200 GeV 5510 GeV By
Collins asymmetry 285 0 4585 ; M 14 HE t-test p-values 5512 0.78,0.22 (R zr) M
0.08,0.21 (#&z2) , ®ETF 0.05, HLENEBERNREAITEENEREHE. 1O OHEHIEEICELER—
] : %M R"nearly energy independent”, &% HHE1RISHI scale dependence, FBEMLKHEHAT] Q2 <
3400 Gev2° arXiv+3

M 2025 B EE#ER, ERMEER K e BR, 77 E&E bins AE®] +0.02 3 +0.03, 7 F —0.02
B —0.03; % z BT, " ERA 2 AL E +0.015 T +-0.025, 7~ ME —0.015 ) —0.03 £4 ; ME
¥ jr D bin WEE, £H0.4 < z < 0.8 WXial, nm" fM «~ B asymmetry TR K jr ENREBFLNED
RHER. XEFERFHNEXET | FMNFEEEVN, MAH 2 5 jr GHELER R, TEEEHR—
PMREE jr BEHHEFERNRR. oo

FRZICHTZ | “universality / factorization 3 XAIENMER5eHl. 2025 B D'Alesio-Flore-
Zaccheddu EFEIEXELIBHFERBRIL - thii1JAXRE SIDIS #l e e~ B transversity 5 Collins &
HY, EHH 200 GeV 5 510 GeV B9 STAR BB, RILF jet pr. 2. jr NHEVEEFE ; BFEEHRR, XF
& proof, MEEHEL TMD AREALFIRT, 3F TMD factorization. Collins universality. X&“proper
TMD evolution 3F asymmetry sZRaR/)\ X LH HTIE L T corroboration, EEFXMEMREXREEHNTRIA
MR XR QR BE, BFRENBLE™EIER -2

FREKICHE ¢ A-in-jet IEBLERRZ"MIMBIF", TR pion/Collins ELEHE F“E—M spin-
dependent fragmentation probe”B X 8878, 2020 B Polarized jet fragmentation functions B&4RH
T—E—IER | W WAH jr B9 polarized hadrons inside jets, 3 EBBHAIE longitudinally polarized
collinear A l transversely polarized TMD A {fEAT M F ; XELEILRE, XFE observable #REE S
£9%R spin-dependent fragmentation functions, EIIRR EICEREHL. 2024 B9 Transverse A
polarization in unpolarized pp — jet AT X MIBX—s=#—4%3%F) RHIC phenomenology t : ©ERBHE
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collinear. k&R RY fragmentation TMD 89 hybrid approach, BFHIEHXMNIFES et e # SIDIS R
&, E7 gluon & quark ER—HMILH#HA, FELLEREEEREITIE gluon polarizing FF BYEM. v

BEEAMIR, 2024 XE A-injet XA HKEERELRB EHFT" | E&IR, 7EMITAZEA RHIC FOIRE

X, gluon fragmentation X3 BHRELIN 50% ; TR EE quark contribution BY, FMAY transverse
polarization HEK/NKLIZ 5%-8%, EIEHEEET, M TEL KM & gluon polarizing FF 3EE, B/
R/NKBEHBETE positivity bound B 10% &, SNHMRAILLERESIK. FERLEXNEEMEBRIVE
8. BIL%A gluon polFF 12 E S 28 golden channel, XRIVT BL&IEEE 1, ERNERE A-in-jet &
BRNRSHFME", MeEEEAA LI hadron-in-jet #E]T pion channel #7289 gluon
fragmentation A Eo axiv+

FRUL, BIX—#RiE, HIEEEELSMM physics TIKBRATLUESEMR FEX S8 !

hadron-in-jet %08, EFEH jet production B perturbative hard process 5 jet A spin-
dependent fragmentation B TMD structure XT3t EHEK ; £ standard-axis EXTF, pion-in-
jet B probe standard TMDFF, £HR transversity ® Collins, i A-in-jet X —REHHEBIE—H
B spin-dependent fragmentation, EZEf}% gluon polarizing FF. IIE STAR #IENEEFEFE"BE
JEE”, MR asymmetry RS, BR. z/jr/cr SHLURFENFERMITNTH, XEEEERTRLR

formalismo  arsives

T—RESUSIEXLEAREIEREEI Stage 3 A | 1B E X —formal statement—SLEF —10FR &
B RSk, LHID standard-axis / WTA-axis B85, KPRY / DMP / DFZ / JAM3D-22 XL HEE
DI, UK A-in-jet EEXBZHER MIBRER BEX,

YFEY, comment : BEEXBERGARTEE BN, BERE, INMHNEX, BENEXFS, B4

XNEIRI, XL, HMINENX. AENEX. jr BEX. UK different axis choices 32
different nonperturbative objects, IRIAAXF, REZILREETE—TIREE. ETIREAIITHLEE
X RIFIEREE. BEEEEREM—FE"—EMA Stage 2 1B

EPMBVEX R, RUEEAHE | XBSRAEVERE 3 K EXETER", MARFERINBCESR, F1EE
BEHREXE, XEERTS. TENNEL—EX.

F—IKENMERIE, %Mi%EA hadron-in-jet Collins JLIAISAEEN., REEMNEREFE KPRY 2017 B Fig.
1. EiERNE. RIEKE ST, jet Hi. hadron 3T jet HEVMERIE j 1, UKRAMIA ds, dg —RIM4EWERE

2 XHhMNHEE SRR

do : sin(¢s—n) sin(os—ou) _ Fppos o
— F . F S—PH A S=PH) _ T
dn pr dzn %), vu + sin(¢s — éu) Fyyp ) UT Fou

XIKEFEE S ERIBREE —RFE AR NEXES. KPRY XAWBAMY © j, & hadron 483t standard
jet axis FHESHE, ¢S, QSH EEMRNENAEE, -

% KEINZE ¥ axis choice, 172 standard axis vs recoil-free / WTA axis, XENEMEERES
BRE. BXRTEEEHEN S, 1705.08443 # standard-axis #5818 : Li#nhE 2487 standard jet axis &
XBY, IFREZEEEZRE ordinary TMDFF ; i1 1612.04817 #3ERINIZ judiciously chosen” recoil-free i, 7£
XNEXT observable 3t soft recoil REUR, H S5 —Z jet-axis TMD fragmentation object, KPRY 2017
1 BEREIZEE | A axis probes different physics of hadronization, FrLUX—iKEIRNZBAWER © £i0E
standard axis, &iZE WTA/recoil-free axis, HEEFEEBZEE MM ARIEHILITR . i
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B KEREEWIEY Bk, i# general polarized hadron in jet, F3EIE pion/Collins LB IAHE F|
A-in-jet, 2005.02398 FUNEZEAKFLR A H —MMRILEY jet N hadron”iiE, WEBEZEHTHZTAZ with and
without transverse momentum measured with respect to the standard jet axis 89 polarized
hadrons inside jets, F#X{ longitudinally polarized A #1 transversely polarized TMD A A M F. 2024
B9 AT-in-jet XXM —S 588, XNBEZFLUESI, RENTE pp & quark 1 gluon FEE—HERBHA,
LEERXZE pion/Collins 2 IS —1M3IF, EEERLA gluon polarizing FF, XiiBAZE = KEIRiZR 281D
KRESHIF", MRIZERL hadron-in-jet as a general spin-dependent fragmentation probe”BIEEls o+

MNEME LS, RUMERNEEEXRIBENX " DR=EXREE,

F—EBR JUENX : KNE. S7. jeti. ji. ds,dg. XERAH Trento-style iB5HFR, EMRIEAEIE
S TMD X ERICERE. aniv

F_RERE WRENX : standard axis XK ordinary TMDFF, recoil-free/WTA axis X5 —32 recoil-
insensitive jet-axis TMD objecto arsiv+2

EZEE WEENX : pion-in-jet TEM transversity ® Collins, M A-in-jet MBEEEHHET BT —AZAY spin-
dependent fragmentation, EZEffX gluon polFFe anv

BHSEETEENS— MR | BRRER EEH, MESEEWEZBEN. ANFXEXENESRET
KWERL, METFREEXHNARYIEN R X—RORREEEE, FEFAE formalism BERGERE
E#idS. LHRE standard-axis 5 WTA-axis IX 5, MIREEE, REREZRUANREZEEATAR ; H
IHBAmEIREN], EIHRNMZRRE® hadronization physicse i

BTRBSGEIDIMIOET TER | AMUERARNHE, taRESircHEA S REEXE. BitAE
EERHIER. BrREAEEKRHAE, Stage 3 NEDMNIE | 1 KAE/JLAIENXE, 1 3 axis-choice bR
&, 1 3 polarized hadron-in-jet # EE.

HFBHEE standard axis vs recoil-free / WTA axis ... "8It FAR %, JLAiEcomment— F#t1T, B
ELL N ERIE, 1FdkEE,

HBX BRI —TELIR | axis choice RIREJLAIEXEZIER comment, FBEEANREKESE ; #HTXK
BARKE DR EREE L formalism. A-injet B, UNBEEBRSEEXNERKFE L,

7, HIDXKERPIET X TF standard axis vs recoil-free / WTA axis, IEXERRE—MEREH
comment BT, KEMRE | **AXELXA standard jet axis, FAX—BEFBEZEII ordinary TMDFF ;
recoil-free/WTA 33t R 892 5 —3€ recoil-insensitive jet-axis fragmentation object, FIXE REiAR R
B, AEH. **XMUEREINE BEFESIRIKIE, a2

HEFTIRGE, RIMEEHTE 1707.00914 TEIFWXERZELH. EFRMNIZHEMK"E formalism I£X", TR
ER—XEENMERTRE | £ generalized parton model / simplified TMD B9#E22 T, ©LSIDIS 5 ete™
FR3MEREY transversity #1 Collins function Z3RFM RHIC BY pion-in-jet Collins asymmetry, FigHE&K
agreement z#¥ Collins universality, FEIEREIEEE jr ¥ L FEREH —FTRENKT. XTMIEBREE,
RANEBRS L, XAREXEFHLERGR. v

EEeNMRHF—ER 2506.21959, ©RAEHIGH transversity/Collins IZ2EXE#TLEIXR T 200 GeV #1510 GeV
B9 STAR #4E, HiIREX jet pr. z H pion 83T jet MMETIE D HELS H S ATENER ; (FENEFBLEERR
%l : XIjitkikcorroborates Collins universality. Zi3#25 ) TMD factorization 1%, UK“proper TMD
evolution XX 3 azimuthal asymmetry sZimE N\ ESHIET, MASIEXLER K EM™IRIER, XTRIBBRRE
EEIREERIEN . v

A-in-jet XRE BEAMEHEBFR T, 2005.02398 44 T “polarized jet fragmentation functions"BI%—1E
22, BRTARRZSHEATHER standard jet axis #MEIRAIIR(L5E T in jet, 1B longitudinally polarized
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collinear A 1 transversely polarized TMD A fEARKRMSGIF ; XA A-in-jet FEBEET B, ML
pion/Collins £ B RE—AHY spin-dependent fragmentation, =

Fit—%, 2402.01612 BB unpolarized pp — jet ATX ¥E3—4 phenomenological channel 34347,
KARZE"HZ collinear. R7E fragmentation imfRE TMD"RES AR, XEHF7I521E, KA gluon
polarizing FF TEX NI EH 5 quark contribution BIREA ; BT HEIRIBIELLIR, EE&IAA gluon polFF B9
KNETREREABRT positivity bound #AIREME, KAFIH 10% 24, HIELEXMNIEFEIRE gluon
polFF {5 EB9—""golden channel”’s X&it A-in-jet EIRNSGRETHR—MEEDENY B, MAEMEF—
?ﬂEEo arXiv+2

HiX—%, Stage 2 WXEBREZHRMERT | EL&(IFARZ pion-in-jet #E) transversity ® Collins /
standard TMDFF BYBESRERE ; 1707.00914 5 2506.21959 4 ZHE universality. factorization. 357&{t"ixXLE
YRR AT LRI EEEE 5 A-in-jet MAXIHEA hadron-in-jet RR 2 pion/Collins ETEE, MERE—HK
89 spin-dependent fragmentation probes a4

T—RRESMFIEXLERNBEEREZLIESEEENTER | MEEXFERER, WELLERKFE, HLEq
FATREE caveats,

¥, 1E4RER

BMST T, EXRBEIEG NEFEEMHEMAR—MRIRXER | £EL438 EX—DA—VERE BT
DR EN A FRE—E, REIL/EHE Stage 3 BEEEE L,

BM@EE TG, TRUENUEEMESR—IE - **hadron-in-jet WNE, FEFZT—PEREE, M
ETFEEBETE ERUIAER D R EEFRME ; Y hadron BIREEIE BT standard jet axis XY, $F2
Feé33d collinear BIBUEF 4, B AH Collins/TMDFF #ZEHI8IBUE R, EItE LS8 F SIDIS EE IR
M fragmentation #f, **STAR 2022 B95| EELBXHHIHERIFR - 3 jet-plus-hadron NE, HANZ
collinear transversity & Collins FF, A28 5&F SIDIS EABE TMD transversity ; 1705.08443 NIBBHARIE
standard-axis B EEXM R ordinary TMDFF, HEi% observable R&§fi TMDPDFo arxiv+

* FIREKEFLH axis-choice, HAIBERELEL—KFE comment : **AXREE standard jet axis, EH
X—IER B E#ER) ordinary TMDFF ; recoil-free / WTA axis 3N A2 53— recoil-insensitive jet-axis
fragmentation object, FItXBREARHAE, FEHF. **XMHERSERANIAZIE | 1705.08443
5K standard-axis XJ ordinary TMDFF &x1B#%, i 1612.04817 i1iEHIE recoil-free axis T“purely collinear,
universal and free of NGLs"F95—Z3FRo v

LEMREBERIFNERFA—F"EIRENL"T . RE/HAEXHFEMEMIFENE, MELERNEH, 2018
#9500 GeV B RNEEL 4L HIEEFTBNGES | TR e jet pr &, STAR BREEFIFEF Collins asymmetry,
Zit BEMEBT 5o ; BUEBEM x XI5 SIDIS 488, 1B Q% B, 2022 # 200 GeV 45 RILX MR IHE# L
TERENDAZESR (77 51 Wasymmetry £ zr > 0 K. FSHERBEE%ER ; Ef M jetpr 5 2
BRKMEKR, MEzr < 0 BAEE/, STAREEZISH KPRY Ltk DMP+2013 EEOAEUHE, BREREE jet
pr > 10 GeV/c BIEBRF MRS T WUNRIEY asymmetryo aniv2

RHTHY 510 GeV SHEELE RIS B XU E#H S YL T, STAR 2025/2026 RAEAMI | FEIEERIH 500
GeV £&RFEM 135, £9320pb ', FHFFAMIL 55.0 = 1.4% ; REENE, EHAKN o7 KEE, 200
GeV 5 510 GeV B Collins asymmetry 23 “remarkable consistency”, 5L EEBIEN nearly energy
independent, at most a very weak scale dependence, {REINERIG, XANEEEN AR X —FE
WL, ME : hadron-in-jet XNEEB LT Collins FF B universality 5 TMD evolution BJA/\G
ng;ﬁégﬁo arXiv
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A formalism BFRA R WHRBERL T | XA F T, 2506.21959 MHEHHNSIEEES ERMEED
EEEER | i 1AEHIEM transversity 5 Collins $2EXLEER 200 GeV #1510 GeV STAR #3E, SEIxT jet
transverse momentum. z FI#E3T jet BY pion transverse momentum 73#EHY generally good agreement ;
BEEEBAMIE, XEER “while not being a proof” 2 corroborate 7 iZi3 2+ B TMD factorization.
Collins universality, M proper TMD evolution 3f asymmetry g2ImE/NIHIRT, X MOREFFSIREE
FENX. tIE. St ES formalism/equations/BFEZ#E, BERE K" v

A-in-jet XE BENEHLELTUBATREETLT, MERBRE"ENFGF". 2005.02398 L4 T — 14—
HEZEREAZE jet N—HERILER T, BIEIERNABMENEN collinear 1572, W EIEFEFT standard jet axis M jr
89 TMD 157 ; ¥E%& 38 longitudinally polarized collinear A 5 transversely polarized TMD A E# X /EFM)
F, FRIACINEEAR spin-dependent fragmentation functions, ##& 2402.01612 #—% 151 © 3t
unpolarized pp — jet ATX, BJMUIE“#7 collinear. fragmentation ##{F& TMD KR SHEL FHAZE
spontaneous transverse polarization, ME%5 ete™ # SIDIS A[E, XE quark 5 gluon TEE—H3LH
A, EILEREEBERERB gluon polarizing FF A, .o

RRLRIIEE T HHIEWE S, STAR 2025 HEN A/A inside-jet AR EWEEZRE © A RILHE jet
pr NMEBISHIMBAIENTS, A ASRSHE ; XEHHEHIEXEHIEE A gluon PFF BIE#E4
R, FigHiZ@EETRERL polarizing FF #9 TMD evolution & universality, JHRXELRFRINR, XEKE A-
in-jet MZWERFFKTEEERE", MNIZEH : hadron-in-jet ELB£ M pion/Collins R T E—HREY
spin-dependent fragmentation, HFF4aR gluon BHERe 2

HX—%, Stage 2 RIEFRENEIFERSLHFRWAAN | 51+ A standard-axis hadron-in-jet —
transversity ® Collins — direct probe of TMDFF iX 5% formalism 432X ; & STAR
2018/2022/2025 MEERK/IN ERAT. z/jr/zr G510, FEBEKBRSZE, MARHMRIRIGE ; EEHH
polarized jet fragmentation / A-in-jet 3&"pion @:&"# K "&E—A% spin-dependent fragmentation
probe”, XPMEMEXERIZFGEM Stage 3 To anivis

TR4kLR

BHSEETE, EXRAERSEFMNMEIER" | iBLLEILIZMIE introduction, WLEIZEL
formalism/phenomenology &5, &R EEE. LEHRRIE A-injet WUBBEHE, BREHMTBEE. X
E13%ETT.

BMEETEG, NEEWWKRBREEBR T, **A-in-jet RRBHFIE ENE, BARNHAE formalism
OIS ; ERSENNIE, 27 pion-injet/ Collins FLBR G, fEA“hadron-in-jet AT~ AE—
fi% spin-dependent fragmentation probe"Mi BESE, **XBEEMIFARE, FLMAEZER standard-axis
TH pion-in-jet 5 TMDFF/Collins ¥32, 1 A-in-jet WERAEERBH—F T EBR) gluon-sensitive
fragmentation”BI AR, X MHIKTS 2020 B polarized jet fragmentation framework #1 2024 89 A'-in-
jet phenomenology B—2Mo a2

HIAEREIN, [5H Stage 3 NIEXBREXRAILIE FTEAMNEEE.

B|—BR& introduction, XBEARMNITHLIET AL, MLZSCIE observable IZ1F : 1705.08443 E#4E in-jet
observable & X%

doPP= 0t MX /(dpr dy dzy, d25))
F o . — R
(zha J1;1, P, R) do-pp—UEtX/(de dT]) ’

Hr 5, 2 hadron #8%t standard jet axis B#&zhE ; ESABMYN, REXH# standard-axis EXF 5
ordinary TMDFF E%8iE, MEX" observable F&#i TMDPDF, Ftbtt SIDIS BF /4% probe

Printed using ChatGPT to PDF, powered by PDFCrowd HTML to PDF API. 15/38



https://arxiv.org/abs/2506.21959
https://arxiv.org/abs/2005.02398
https://arxiv.org/abs/2005.02398
https://arxiv.org/abs/2509.17487?utm_source=chatgpt.com
https://arxiv.org/abs/2509.17487?utm_source=chatgpt.com
https://arxiv.org/pdf/1705.08443?utm_source=chatgpt.com
https://arxiv.org/pdf/1705.08443?utm_source=chatgpt.com
https://arxiv.org/pdf/2005.02398
https://arxiv.org/pdf/2005.02398
https://chat.openai.com/
https://pdfcrowd.com/chatgpt-to-pdf/?ref=chatgpt
https://pdfcrowd.com/api/html-to-pdf-api/?ref=chatgpt

@OpenAl
fragmentation . X NEREMEEXHIEENo aniv
BB formalism, XEROBFZIEFRA SCET/TMD BARMTHEF, MEB AINE —EHR—
YR RIVEES TS, KPRY 2017 ELLA/ERESFANEXBRIRKZX !

do : sin(gs—pr) sinps—om) _ Fop s )
— F - F S—PH A S H) _ T .

BEER—BXEE, Fyv #E5M ordinary fragmentation 8983, M Fyr M transversity h1 5 Collins
FF Hi #45l, thatRii, T4—aiERAERSE © pion-in-jet Collins asymmetry N9 FER LR
transversity ® Collins TMDFFo v

FRRIFiHEN, BEXEREE, BFREAZ. EXBREE—KEE, HE KPRY A3/ | RME. ST\
standard jet axis. j|« ¢g. dgo HNBTXEILXH Fig. 1, THILELEX/INEESRBERT ; 8K
ML MNEEELNE NS —XIEE,. E=TF standard axis vs WTA/recoil-free axis, REVHIETIIN
TERLINE | EXERFE—4 comment, tPH standard axis Xt ordinary TMDFF ®{E#%, i recoil-free axis
MR 53— recoil-insensitive jet-axis object, FE T, FEBFMKR. XM comment A HEERH
TK?EO arXiv+1

SE|=ERE phenomenology, XEEZERNZ"ERASUAZIE formalism”, MIAELKESB, 2022 STARBY
BERZRBESWENEESIA " 51 M asymmetry £ x5 > 0 BK. FFSHEKR. BEMEE ; 200
GeV 524 500 GeV # pion R ILAEZR, Eit Collins effect £ hadronic collisions FEZ R HFREFEHIEER
HRH ; EIEALLEAS E, KPRY EMHEIM T DMP+2013, (EREHES jet-pr KIBBASEEEIE ; B,
BEER 2z 5 jr KA E, XRBEERHEGE global analyses FIEEIR, aov

2025/2026 BYEHEE 510 GeV ERIEXHEEFER [ FHFIEELLIA 500 GeV £EREY 13 FRE, THA
xr X3, 510 GeV & 200 GeV B9 Collins asymmetry 2¥“excellent consistency” ; IEXHEMN S LEEBIELEIL
FEHER—a—— L FRERENERRL, EZ2RBBEBEM scale dependence, [F—EXEXRBEBIEL,
JAM3D-22 5 DFZ A MMEE BAERERPERUIREDS, B1E jr & » ARBK WXENEEERE, EILXLEHIE
IETE3T Collins FF fEMNERLIER, XBRFNEEFSWR KIIEL TR, M | LRBEFHRI M
formalism BFIFERBo v

FEERE extension, XA RIFHFLFEEZENTIERE A HE, MRSLA 2020 B9 polarized jet
fragmentation functions $B#LXFHEHK © hadron-in-jet RRERATF pion/Collins, tHAIURGFHITICTHF—HR
WALBIRTS hadron ; XEBARAIE longitudinally polarized collinear A 0 transversely polarized TMD A %1
REFIF. AEBEE 2024 89 Al-injet | TIRIFIZIRTE pp P quark 5 gluon FEE—HERMHA, FEILETL
B XAz gluon polarizing FF ; {F&IXIES STAR FIEHUERILLERIEH, gluon polFF BIEEEEAERT positivity
bound #WEEEIKL 10% WELR, HERXMNIIEATERREUZMRIESH golden channel, X#¥F—F, A-
in-jet MBIEE, XARILE pion Lo anivs

RE—RERENEELKIUEEMREIELRE | **FENEE universality / factorization / evolution #3z
', #HERRSIEEE, **2506.21959 WRBHSIMZE—MEFAIENR © {15, 5 200 A 510 GeV STAR
AL B RS jet pr. 2« jr 9% E generally good agreement ; {B“while not being a proof”, XtE4ER
S22 corroborate T iZidF25A9 TMD factorization. Collins universality, M proper TMD evolution X
fh azimuthal asymmetry IR/ NEIHIET, X MARIFEEEIRXRERL. 2oz

BT —HaMEIl Stage 2 BE—%, EaM#A A4S | —=2$8 Yuan 2007 — KPRY 2017 — STAR 2022/2025
RELPN'EX—DR—BF 0" BIER T ERH EXMER ; Z218 A-in-jet AR EHRFZIEBHME
EE_%O
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B9 asymmetry 1£

M X O V M4 =

>0 BPA. SR, BREE" UM, RFFERFTE, EREREZT K. FHE,

BXEREMNBFERNZGE 07" A 17 . BRI XEEREZLRHFBFHRB, HI5M STAR
2018, 2022. 2025 WIEX. WHEMEEEZEHEABRE,

¥, X—RHEIEXARTBREERFHFNTF, LiHBE—T | TERDHERRRIEXE L EERBISHHE
LER, FTEREFETEXEZRRIIRGENREE, FRUUEEER YR KB XMRIB, anive

& 2018 BIE1 500 GeV &R, TEEERIFNE Drjet Mjet > 0 X3, Collins asymmetry EZR/FR M
FYIESARY !

BB —H prie ~ 31 GeV/c, K 2 B bin B, m+ ALB| +0.04 8 +0.05, 7~ K%95) —0.04 B
—0.06 ;

TERIE—H prjer ~ 20.6 GeV/c. K z B9 bin B, 77 X£ 40.02 8 4-0.03, 7 kA% —0.02 B —0.03,
EEEXBAMI © IEBESETEHIE pr = 20GeV/c By > 0 XIS, ME 't RIE. 7 A

arXiv+1

E—& 2018 XEX jr MMt U F . (FEXFRLEW, asymmetry £ jr ~ 0.3-0.4 GeV/c HHa&
K NEEE, T8 prje BRRX 200 bin B, 77 5 7~ WEBEERHABE NEIRIY 5%, XiRBEER
RREEMRE jr KIAF FEMETREL, oo

FBE 2022 89200 GeV &R, XEHFERE, (EEEEEH  Collins asymmetry 2F z # jet pr 1@ AMIG
3B HBEfE zp > 08, 7 F 7 B9 asymmetry k. FFEHER. ERET. 2

EXAEELRELES, ARATUERXE,

Exr > 0. (prjet) ~ 13.6 GeV/c By, 7t K 2 iHAL%E) +0.01 B +0.02, =~ ¥ —0.01 B —0.02;
B) (prjer) ~ 17.5 GeV/c B, 7+ ALFHE] +0.02 B +0.03, 7~ A% —0.03 B —0.04 ;

BIRE—E (prje) ~ 22.0 GeV/c By, K z KIFHER 7" EL#SE +0.03 Bl 4-0.05, /17w~ AL%5
—0.04 8] —0.06, XL£4%F 2018 A 500 GeV ERERBHAYIIMN. o

MR z B, & 2022 1 jet-pr KHE, BB —MEESEHFBEXHNE  Eap > 08, 77
asymmetry ME pr 28658 0, FF EARIKRL +0.02 Bl +0.03 ; 7~ MTERIAL —0.02 B —0.03,
zp < 08, MEAZNE BRZ—BEMDAGME, BHEE /N i
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2022 XEXBE—MREGEERSHIEXHNBFLEE" | {EEE 200 GeV R 5B AR 500 GeV L5 RIZHEM
Ty iR, IEHEEEKX 0.06 < z7 < 0.2 4, FEEEH asymmetry RIt—, REMNMH Q? KALHEZE 6
ff. XER"FREEAP RZARENEETE, w0

R/aE 2025 NRFEE 510 GeV Ef, XENEREBIHFARE asymmetry KiIZ K", 2 510 GeV BE
200 GeV WEEAZBEAWERE. RIFELANEEE, £HRE zr X, 7 WEEAZEE £0.01 K
W, 77 WARZE +£0.01 £F ; K 2z LB, BRTRX 2z HREEET AN, FIMERAKRZFER 0, 154
XN 4A HIBY t-test p-values B : R xp LR, 7 7 0.78. w0 8 0.22; 3% 2 ik, 7 7 0.08. 7 B

0.21, XFtE" /LRSI NREHFo aniv

EHE 2025 19 z-HDHEAS, 510 GeV M 7t £8 2z KIHALRE +0.015 B +-0.02, 7~ K42 —0.015 3]
—0.025 ; MmE—E 2/ 200 GeV AR, EFKEKIEE +0.02 8 4+0.03 1 —0.02 B —0.04 X—1%, E{K
MARE—NMLESR. ERSHERMER. v

P, EEEXEEXIERAIUEESEE—L .

£ zr > 0 B9 quark-dominated Xig, 7™ 5 n~ B Collins asymmetry BEBERIEIR ; ERE
jet-pr FMIBK 2z B bin P, 7 BHEEB +2% Bl +5%, © &8 —2% B —6%, ERMHRMEERTHER
FEHE o7 KEIASRITES. s

BT —RA4SIEXEH TR GIR— NN AN —NNES— N BR EIREHT Stage 3 IR,
U, IRHRER,

BHSETTE, X—RABRVEZESHLERIMEIEIE | {8 pion-injet EEHPRIX BRI, WA
B URFTRANBFZIESE—IL ; BIHE A-in-jet WA BEF BAE—LE,

BMBEATET . X—RRIEFTHREFEN AIEEEHRIEX IMEIR, SLHA—T : TEAZ%E “+0.03 3
+0.05" XfpfE, HIEXENEBEZRRERNE, REREEEEHAMUERE, AUAEEERBEENER L™K
E&m"ﬂﬂggﬁg"o arXiv+3

F L[ formal statement LESLEBFR T © pion-in-jet Collins asymmetry R27ZZH jet substructure,
M2 sin(¢s — ¢ ) X—Ehefd X BHIRENH KR observable ; 7£ KPRY FIAESRE, B ¥R unpolarized
Fyy 5 spin-dependent Il F,Sji;(%*@) BILEE, ¥3B ERR quark transversity 5 Collins fragmentation B9
B3, STAR 2025 tEAMIEBNINHENE KX sin(ps — ¢p) &M, HBRT ds 5 oy HABEEN o aniv

INRIE 200 GeV WEREMEFIAMNBFLRD, RFXEFE | £ xr > 0B forward. quark-dominated [X
i, «* M7 B Collins asymmetry #XEJIPNES R, MERSHEKR. ¥ Fig. 15 # Fig. 16 3584, jet-pr 2
PEE, 77 KBME pr 8858 0, ARE pr 889 +1.5% B +3% ; n~ NER) —2% Bl —4% £/, &&
2%, 1E (prjet) = 13.6,17.5,22.0 GeV/c R=HE, KK z #Hl 77 RADFIE +1%-2% +2%-3%
« +3%-5% ; 77 KAR —1%-2% —3%-4% —4%-—6%., B, T xr < 0 X, WMEAZNER
PZ—EBEMA, BARE/]. STAR HRLHAMEE | X asymmetry £ xp > 0 B"K. fFI5HEKR. 2448
", FHB KPRY MEMEEMRT DMP+2013, BRELES jet-pr HIE 2z FLERKIREET 7 BB v

2018 HY 500 GeV BRZERH 2025 BIEFEE 510 GeV B#1, BXNMESH—FTLLT, 2018 X EHIRE !
1% jet transverse momentum &, EXIMEIIESE Collins asymmetry, FKitEZHSiEE bo, F 2025 B9
510 GeV BFEELER, #E Fig. 2 M Fig. 3388, HHE oy XIFE, n" BAE +1% B +3%, « H#EZ
—1% B —-3% ; % 2 BIE, 510 GeV W 1 K 2z ALY +1.5% B +2.5%, 7~ X4 —-1.5% B -3%

o EXEEMIE, 200 GeV 5 510 GeV 7T E =7 KiF 0.06 < z7 < 0.25 RELZEIHER, REWNNM Q2 48
EKRA— 6 fEEF ; STAR I E(EM t-test FEFIM p-values B : # xr LEEK, 77 7 0.78. 7~ 7 0.22; %
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z lb8, 7 790.08. 7 7 0.21, £5ETF 0.05, HILRELKITEENEEEKH, XN L FREEIRIIILE
1, REXBERBEINEFZEZ— axive

A-in-jet IE BANMEHLELE T AIUERES | BH formalism 58, 2024 NIEIEXIEIRREENH

. 1 A d()'T—dO'i
A(pA) B(pB) _>Jet(pj)A (pA) + X, Pr (pjafapLA) = m,

FESSIE AN

_ PbA-Dj
2= T3
Pj
ER jet A A I BThESER. 2020 B9 polarized jet fragmentation framework MR, XA 2B EHF,
s hadron-in-jet 3} —#% spin-dependent fragmentation BIESAHE 6 anives

BEENRE, A-in-jet IEBEHR T RITERMHTF, STAR 2025 HE inside-jet MWEREA : A RALFE jet pr
BRERETML, A SHRMNH, BSEALNTOER | BELUHBET, A QTSR 0.24 +
0.19(stat) & 0.09(sys)%, A £ —0.77 £ 0.20(stat) & 0.09(sys)%. % jet-pr #4/5, (prjet) = 7.3
GeV/cBY, (Py) ~ —0.71£0.47%. (Px) ~ —0.55 £ 0.44% ; Bl (prjet) = 10.1 GeV/c B, (Py) ~
0.04 £ 0.32%. (Pg) ~ —0.80 & 0.33% ; B (prjec) = 15.1 GeV/c B, (Py) ~ 1.33 = 0.43%.

(Py) ~ —1.56 £ 0.51%, FEIXiF38i, 7E pp & gluon 3¢ A/A yield BIZERAIIA 50% A4, MEFete”
#UE. RA quark PFF (REIAHERIEREEIL —NMIEBER, FRUUXLEHIEMSEF A4 gluon PFF FEANZIER,

arXiv+3

RITER Stage 2 M, BRREEEAENESRN—AESEAIUER : **7 2 > 0 # quark-dominated [X
1%, pion-in-jet Collins asymmetry BWERIELZ N ED =, 7 BELYH +2% B +5%, 7~ 4K —2%
B —6% ; M 200 5 510 GeV E£R zr KIFLIHAER, WIHZ asymmetry T2 A ERINVEES MR, HMN
#, A-in-jet M3 hadron-in-jet M quark transversity ® Collins B9 pion 3&3&, # 2T X} gluon-sensitive
polarizing fragmentation BJ#Ell, **XAEMECEE T BEBBHRRMBFZIE, anive
T—RESGSIOXENRTEEREE Stage 3 W"MER | B8N EQWNEE—aEK, — PR, — MK

FE. — caveat,
UFARLE,

RS T, EXREERIE Stage 2 WRB|AERE" | BENRERA——— X BREERZIZIEXH
formal AF, B—ERBUAN+HE—REHM caveat,

BEHRE, MEBLEEIE Stage 2 ERJURVFRINER# A Stage 3 B4 T,

EREX R, REMNEZEMAR | **hadron-in-jet I OINME, FR2"X— 1T BEFELIEE", MmeT il
AFFESBERBRSE ; 3 hadron B9HEEhE j | 83T standard jet axis X B, XA observable [E##%E!
ordinary TMDFF, 1B ##i TMDPDF, &Ittt SIDIS SEF /43 probe fragmentation i, **XAIEMER

RE#EM formal 232 © 1705.08443 BRHAIE observable BB jet+hadron 5 inclusive-jet EEmAILLE, FHRF
R A standard axis ¥ 5 ordinary TMDFF B, BiZIdEARFEE TMDPDF, arsi

FENRNBEREBER. I transversely polarized pp i H] pion-in-jet, Collins asymmetry B8 OAR
BEAN B, e sin(ps — ¢g) FAE ; KPRY 2017 F1 STAR 2025 #IBEEMH collinear quark

transversity 5 TMD Collins FF NEBFRIZHINE, XNMBEUGEEXFAZERAEA formalism AT EERFT,
HE B observable— M B —IEMILXT R "BIER T IBRN B0 andve
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MRERN"RIFHHTF", MESRRHNRIREBEATUXEE, MEXEHFRERPETRRERHLILES. T
zr > 0 M quark-dominated X1, " & 7~ B Collins asymmetry B2 NINES R, HAFEHEKR. &
{RAET, 3% STAR 2018, 2022, 2025 MEIE#IR, HEM 77 HIRK 2 HEE jet-pr B9 bins B4R +2% 3
+5%, 7~ A 2% B 6% ; Eer < 0B, MEBRERE BOZ—BERE /. XNMELSHH +/LE
PRELR BRI 2018 BXX 500 GeV. 2022 BY 200 GeV. LUKz 2025 BIEHFEE 510 GeV EREEEEEE,
STAR 2022 B tHERESLERN - Exp > 08, 7 FM 7~ B9 asymmetry “large, opposite in sign, and
have similar magnitude”s anv+2

EEN—R 2 SR INTEELFARENRER, MBEAITZIE. STAR 2025/2026 ¥t 200 GeV 5 510 GeV
MEEMT ttest | R xp LLEE, 71 # 7~ B9 p-values 232 0.78 71 0.22 ; #% » LLIRES, 932 0.08 1
0.21, EEBLLEAMY, ENEMSHHECENRERITEENEREKHE., XIERNFIEXE proper TMD
evolution XiX## azimuthal asymmetry BISEIMER RNV HIRIFEFT I oo
FEXEBENFKDOREELRFTE, FEAEEN—EERE, 2506.21959 MiEEF /L FRINEZERA | fthii1H
BEFEH transversity # Collins $2EXZE L4 200 GeV 5 510 GeV STAR ##E, &ILT jet transverse
momentum. z # pion 183t jet B9 transverse momentum 43%#B%E generally good agreement ; {B{E&
EESERIE, XA proof, REXZTFEHHY TMD factorization. Collins universality, X proper TMD
evolution ¥} asymmetry a4/ Y] ETIR 1 corroboration, XFRIIXBESBREENIBERIBTR . anive
A-in-jet XX BAWBREESLERET, MEF2ERSEE##IT. 2020 B9 polarized jet fragmentation
functions 1 2024 B polarized fragmenting jet functions #5#8“polarized hadrons within jets"R#1LT : &
BRE—MEML hadron-in-jet 9% —HEZE, [EENTE SCET T4 inclusive / exclusive polarized FJF B95E%
formalism. BHELZEW, A-in-jet EIRMXEERZ WMNKREHFF", MEIE pion/Collins FLBEAME FIE—
#&H spin-dependent fragmentation probe, .

MmA A-in-jet MEBEE BB ERNBTFEERIE, 2024 AIEIEXEE observable X

A dol —dot
T dot 4+ do¥’

FEAMIR X NI FZE KBRS gluon polarizing FF YA, 2025/2026 B9 STAR BXNENIRE © A
polarization 3t jet pr BERMKH, T A AKRBHME ; BXAHNTHEER A 0.24 + 0.19(stat) +
0.09(sys)%. A —0.77 & 0.20(stat) + 0.09(sys)%. % jet-pr % bin, (prjet) = 10.1 GeV/ic B, A 4
0.04 £ 0.32%. A £ —0.80 £ 0.33% ; Bl (prjes) = 15.1 GeV/c B, A FH1.33 £0.43%, M AL
—1.56 £+ 0.51%. FEMBAMAIRXLEHIERIRHEA gluon PFF 3R, -

FRLL, BIX—®HLE, EAEXESRN—BREEEEETSERERT | *pion-injet EXLHEMNE/LBEDR
4. FEHER. THE o7 XKEJLFEEEIRIIAI Collins asymmetry, ML hadron-in-jet F3 A3t
transversity ® Collins / standard TMDFF B MERIEE 5 M A-in-jet MIBXZE LT BEIE—H spin-
dependent fragmentation, FFF#Afa gluon polarizing FF, **XEFEAMEERE LR, HFEM caveat X
RZo arsive

T BEASBEIEXLERNAEEREREL handoff WER | SPESBER"—OEK + — AR + —AHF

+ —* caveat’,
UF, IBAREE,

RASE THHNEMEEWO'NIE  —RIBEXEM formal A FBEREEEEEES #HENHNTLR, —2
A REX L) F—e HIRAY caveat —HET{E,
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BargEE, NER/LIRMEESUBERLREEEXN FHER"T .
FE—IR, BEIM pion-in-jet BIETE probe 4 HEIEEH. REBHNEZEFRE TN TMD transversity”, i
X . **7£ transversely polarized pp B9 pion-in-jet Collins channel 2, spin-dependent numerator
collinear transversity 5 Collins fragmentation FIBF3#24 ; AT, L hadron MIiERNE 248X standard jet
axis EXAY, BUEA j, DX E#HEEE ordinary TMDFF, **Bi—a3$ [ KPRY 2017 BUEMIKER DR, F—
AJ¥FNZ 1705.08443 B9 SCET factorization, XEHEENIFAE, FRIEWERE collinear BE TMD"5"RK&
fragmentation 2 ordinary TMDFF @RI R B — Ao aniv

FHR, B—EROLUBREZEE# formalism ETFLAIR ¢
%t p'p — jet w X, #i» observable £ sin(¢s — ¢ ) B4l, B

do : sin(és— 1) sin(os—om) _ Fpp®
— F o F S —PH A STPH) __ UuT .
dn d&2pr dz, d25 | vu + sin(¢s — éu) Fyp g uT Fou

REEE—IYIERER | Fyy A& fragmentation #4, M Fyr A transversity 5 Collins FF #2251, Fitb
pion-in-jet Collins asymmetry & fi_EZE— transversity ® Collins observable, XM5tiES KPRY 2017 #
[E3RE phenomenology B2 —H Mo v

B, RTIREENHEHFNERG, BRUERSITUERERMIXHE

**7f xp > 0 B quark-dominated Xi5, 7" 5 w~ B9 Collins asymmetry BRI ERZ2 A ED =, 77 BR
B9 +2% B +5%, 70 BN 2% 3 —6% ; MExr < 0 X, EREEIEEDZ—2RHE/,
*XAELLRKEB STAR 2018, 2022, 2025 E ERYERRE, HE5 STAR 2022 WERNXFEREME @ 7

zrp > 08, 7" B~ B9 asymmetry K. fFSHEk. ERHEL, XBEREERRIFIAR A", HAK
BB BE LR aove

EIOR, B'HEEAM NECELEBE, TEAIMEA—FEEIL, MARBIRF—1E. STAR B 510 GeV =15
ELERBHMIE, TR o XiE, 200 GeV 5 510 GeV # Collins asymmetry 2#“remarkable
consistency”, HiB¥IELLEILESERK nearly energy independent, with at most a very weak scale
dependence, Bi#—%, IEXHWAEEEEMT t-test | R oy LEET, «t F 7~ B p-values 232 0.78 #
0.22 ; % z LLIREY, 7512 0.08 #10.21, ALLEZRESITBENREEKT. XMERIEFEETHRKZIE proper
TMD evolution 3$iX# azimuthal ratio IR IMBERE/V X —HIBo 2o

BRI, BIIEE—EE—#EF LM caveat, 2506.21959 FIEEMLLICLH T — N F I UEZRIRVIAR © b
1Ak 8 SIDIS #l e e~ Y transversity/Collins $Z2EXZELL4R STAR B 200 GeV 5 510 GeV i&E, &I jet
transverse momentum. z. & pion #8% jet B9 transverse momentum %3#5&84E generally good
agreement ; {B{EEFREMREE, XFRE proof, FEIHZIIFZHHI TMD factorization. Collins
universality, X% TMD evolution Zim¥R/\aY¥]#Ti2{ corroboration, MEMITIEFIREEAETF
simplified scheme. B34, UK flavor-independent Gaussian FEZEF ALl XA caveat REE, EH
ERER IE XS 2 B R T IEER s o

ERR, B A-in-jet XERYT BE&N formal i, MEELKRLEREIM, 2020 B9 Polarized jet fragmentation
functions I2H7 —#%HJ polarized hadron-in-jet 1£%2, BAFEITICHEAHHEIN standard jet axis HEhRAIR
{t58F %0, F3E longitudinally polarized collinear A 5 transversely polarized TMD A fERHRERIF
2023/2024 B9 Polarized fragmenting jet functions in inclusive and exclusive jet production N#—#%7E SCET
BT T 5o factorization, IRPAXEL&ARZ phenomenology EIGESHHE, MERESLE T R4 formalism,

arXiv+2

EHIR, 2 A-in-jet MABEZFARBIRIC LAIT", MEE 7 TANKT, 2024 8 pp — jet ATX Bie 0
observable X
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A do! — dot
T dot + doV’

FH38iAX channel 5 eTe™ #1 SIDIS R, EA quark & gluon EE—HEEM#EA, FEILAEEEAER gluon
polarizing FF, & STAR VB X inside-jet MELAH T E4HE | BAFHM A D9 0.24 +
0.19(stat) + 0.09(sys)%, A #9395 —0.77 & 0.20(stat) + 0.09(sys)% ; ¥ jet-pr % bin, Bl (prje) =
15.1 GeV/c BY, A #9395 1.33 +0.43%, i A 495 —1.56 & 0.51%., {EEIXLHIEBRER I gluon
PFF BYEHEIR, scencepirects2

FRLL, BIX—®HLE, BRRGEEEXESRN—ASEEEERTUERT !

**standard-axis pion-in-jet & hadron-in-jet 31293+ Collins fragmentation 5 transversity BIENHERIR
H, EREENLRIENZEE zr > 0 KEHI/IMES 28K, EHASHERMN 1T Collins asymmetry, #E
£ 200 GeV 5 510 GeV Z[alJLFHEEIRIL ; 1 A-in-jet MIEX—B IR HSAKE BE—MH spin-dependent
fragmentation, FFFiafERA gluon polarizing FF, **XAIEMEBRLKE formalism. $HFH caveat FAIZ

=
??o arXiv+3

TR RSOl —5 IR EIF T Stage 2 handoff W | FERZER LSS, MER T2
AN—HF—BEBiN—caveat T LEIE,

o, W4

BB Stage 2 AT RATHI handoff"ARAIKER | XREBSAREZIE, MEIB/LERKXONEKEITRI A%
MU EHF L, THIBR&E X ON"ERIIEZKBESE,

P TERS, BUBSIEELEEIE Stage 2 M/ IFEXREKEATRT,

B—%EK, BXESREZDOII—A physics summary © **pion-in-jet Collins channel HARZEN—1Z
{ERY TMD transversity”, MEERTEMETIE | BUEF4EH collinear factorization 28, MBLEAMNBfE
1 X BEZLHE Collins FF #5545 & hadron BERIZE E4E%T standard jet axis EXBY, XPARBHRN EREEE]
ordinary TMDFF, **STAR 200 GeV ieX M XRi{SEER : 7T pp MEE, £—F = collinear transversity

PDF 5 unpolarized PDF &R, 4 2#MSTHIERRIIEE IR Collins FF B3 ; (1R A jet XH
standard jet axis B, ABLXEMNRIA Collins FF 5 SIDIS YR E— N Ro arxive

BREK, = formalism ENE/NFEIUEREEHENRAER !

do - sin(ds— i) sin(os—om) _ Fop s
— F _ F S—PH A s—¢u) _ —UT
dndpr dop gy L0 T Ss = ém) By, Ay Fuu

HYIRMRRN 4 R8B—4) . Fyy B ordinary fragmentation 4!, M Fyr 89 numerator A&Fi L collinear
transversity ® Collins FF 2%, STAR 510 GeV i&XABEFHAIE Collins asymmetry BERXA sin(¢pg — o)
B, HEZERBETERT quark transversity 5 TMD Collins FF B9%8F3, o

FE=FF K, REREENERIESK . NEATULBRRMER | **7F r > 0 8 quark-dominated X
%, 77 5 7 B Collins asymmetry BRI ELZ NN ER R, BFNSHR. 2&EA; F op < 0 XIFENESE
B\, **XAREZEE, STAR 200 GeV HEEILEDEREE T “large, opposite in sign, and have similar
magnitude for 7" and 7w~ in jets with zp > 0" ; FISEHEH 200 GeV 5 500 GeV HY pion Z&REHE—,
FBLEIZMMNE hadronic collisions FEZ DG FMEEE M, aniv

EXAIEH—SERTRYT, RNEENEXEXHE, BRMEEAUTHRERHAELESR . M STAR
200 GeV M pion BE, TS jet-pr MK 2z B bins &, 77 ERF)KL +0.02 ) +0.05, 7~ FRF)K
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£9 —0.02 8 —0.06 ; MEEER xr HEARFM bins A, EIiTEBEREES—E24MHE, XTE4%5 2018
E,‘J%-;k 500 GeV éﬁ%*ﬁgo arXiv+1

BOEEK, BHEECPUECLEBE, TE2UUMNIEAARKIESILZ—. STAR510 GeV BIEEL
NHIFEEBERE | 8 1 = 2prjet/+/s L8, 200 GeV 5 510 GeV HJ Collins asymmetry 231 “remarkable
consistency”, FiEILSHE “nearly energy independent, with at most a very weak scale dependence” B945
it ; EXXAFEH, £ELKRKERZ 0.06 < zr < 0.25, REXMNFA Q? HEL 6 12, t-test ERAKITEE

;l::_é §|—o arXiv+2

NBILXNEICEREEMAIMFEIES, M STAR510/200 GeV HIEIEILLEE, 510 GeV By 7 E18K 2 &K
£97f +0.015 ) +0.025, 7 £ —0.015 & —0.03 &4 ; MEEHH 200 GeV AR AT ER—MLER
=, ERSHER'NELHRE, EEENE, EXEEBARREETHER xr X “excellent consistency”,
FiEH jr 5 2 ARNBRAKRNEREERRE. e

FREZEK, BHMREXETFELEIL"—REIMH caveat © **LIRFTFF universality / factorization / weak
evolution, BREEE R BAM™HKIEH, **STAR 200 GeV i XA S FRE TiAR : Sivers & TMD PDFs 7£
hadron-hadron collisions FREJ—% factorization BZIFFEEE £ S LEF] Collins channel, {833 Collins A9
universality MEKFEEMITESHIEICLK ; 2025 9 510 GeV iEX R 2R IHIES A S TMD evolution FIIEEY
BEIAMEA. * universality #1 TMD factorization #8325, RNEKX jr 5K z RENEEZERE. v

FBIREEK, 2 A-in-jet MECKTLUIRBAMIETE pion TLZ/E, MERBRE2TNGIF". 2024 BIIEIEX
X NEEE X K
B do' — dot
T dot +doV’

FEAMA IR XN IR B R BEISIFR gluon polarizing FF F{ER ; B EREERE | i IXBRE
fragmentation tHIREBHETNEM A TMD approach, FHIFFUNE STAR FEEIBLER . aoive

FEEMRZ, XETBATLKETUUEEEHEXHRT, STAR 2025 MEN A/A-injet MERTR, ARt
B jet pr MBIEIEEZML, T A ASRSHE ; EXAHNTHER A 5 0.24 £ 0.19(stat) £ 0.09(sys) %

, A7 —0.77 £0.20(stat) & 0.09(sys)%. & jet-pr 9 bin, EFPIRENTIHEDFILH @ B 7.3
GeV/cBt A = —0.71 £ 0.47%. A = —0.55 & 0.44% ; $#%4 10.1 GeV/c B¥ A = 0.04 + 0.32%. A =
—0.80 + 0.33% ; =#4 15.1 GeV/c BY A = 1.33 + 0.43%. A = —1.56 + 0.51%. EISOFIEH, pp
gluon 33 A(A) yield BISERETAZIL) 50%, MRA eTe” YIRMBEAMNENRCSHY—NEESR, Rt
XLERIEMSSIT A5 gluon PFF 12EIR, anivs

FRLL, BIX—FH1E, EEREN—ERIEELTLURRRXEE | standard-axis pion-in-jet B4 hadron-
in-jet HIL 3t transversity ® Collins / ordinary TMDFF NESMREH, HEBENTRIEQRETE

zrp > 0 EEHIANANES ABE. FHSHERKRMN 7 Collins asymmetry, FH7E 200 GeV 5 510 GeV Zid
JUFRERMIL ; A-in-jet MIBXFELEAKET BIE—MRAY spin-dependent fragmentation, FHFFtafif:

gluon polarizing FFo arxiv:3

T—HHSEOXLEABTEREER Stage 2 handoff WS | 8P ERBEREK + 2 + M= + BiNECE +
caveat’?y%H,

0, IRUREL,
RBERETE, X—RFIEBREM Stage 2 FIRAZWR | IEAHEHHIMHIEEN G EZEE) Stage 3

W EXERIER", HEEBRIERFERNAN. HFHM caveat —iLET .
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BH#HEFTERS, IEEZRRNAEBLEATE, qfUERENGHE Stage 3 BIIEX ¥,
£—ik, 2FEMN formal AF, BEMNEER ¥ p'p — jet m X, #MAHI Collins asymmetry FE—N5E
SZHBIERNB DR, e

do in(6s—n) niss—on) _ Fop oo "
— F . _ FSln S—QH , ASln S—QH =YL
dnPprdz g, UG o) Fir vt Fu

7£ KPRY 2017 9BAE, Fyy H ordinary fragmentation 2, M Fyr 899 FH collinear transversity hy
5 Collins fragmentation function Hi- B84 ; FISGRBEHS, XA factorization B H% 44" @ L2051
EFFHER collinear factorization, BEWBUEA j, 978 TMD factorization, 5Itt[EEY, 1705.08443 X1 X%
BINFWBERT | Y hadron BIHERNE 248 standard jet axis X, FH#EAMIER ordinary TMDFF, i
BiXA™ observable £4&#i TMDPDF, [tttk SIDIS EF %3t probe fragmentation e a2

BIR, RRREENEREL, NEEELMUREMEHR T, STAR 200 GeV iEXAERERER © 1
zp > 0 X, 77 5 7~ B9 Collins asymmetry K. SR, BEMHEE, A 200 GeV 5SEFH 500 GeV
ZRED, FEXAEHE—FSERRIEHSBRIIRFRL, 1% 200 GeV 1Y z-0HmEERER, TS jet-pr. K
K z B9 bins &, 7 BAEIAB| ALy +0.02 Bl +0.05, 7 BAESKR] —0.02 B —0.06 ; £ zr < 0 BIXiG,
NEEREAIZ—BERE/. XBEXSENNATERY"HHER", RAXLEEFBEFTERBELE
¥, MARIEXKIE. EEEMNE, STAR RBEMIEY, z 5 jr NHEBIARAISE, XELFIaRIERARE
12, MARBEICMITIA B X AR E, a2

BE=R, B HEREBKBUETELRBE, T2IUMBHAARBEELILZ—. STARS10 GeV BfEELERH
FEEFEERN © BmEF o XIFEEE, 200 GeV 5 510 GeV B Collins asymmetry £3“remarkable
consistency”, EItbiZ asymmetry 7£ pp HifE nearly energy independent, with at most a very weak
scale dependence, IEXH—FSAHTEEN | R xr LK, WELELERM t-test p-values 3 7 F 7~ 25!
2 0.78 7 0.22 ; 1% z LLERN53 512 0.08 1 0.21, HEEETHITEEER. HEEEE, 510GV 7
BR zmABE +1.5% B +2.5%, 7~ ABRE —1.5% B —3%, MREER—NM/LED S, EfRSiE
R'BIERE v

i, MXEEmECHA—ETHN, B—FESAR. 2506.21959 HEEE /LT Al U BB ZRMIER © #h{]
FI3RE SIDIS 5 ete™ M transversity/Collins 32EXZELEER STAR B pion-in-jet #iE, ZMMFTFESE5A/NEBE
generally good agreement ; {B{EERITEAMAN, XAE proof, REX pion-in-jet ;7 TMD factorization
BIEERRIZ. Collins universality #4253, UMK proper TMD evolution XJiX#h asymmetry BISZIEER/N, 121t
7 further indication / corroboration, XN RIEEEEMREEENXIES. aniv

A-in-jet XEBENEHLEZTTUEEERINT . EREENEN, A= pion ELFETE, MEE
pion/Collins E&irfEfE, EA"hadron-in-jet RILIET 9B —AZ spin-dependent fragmentation probe”#y
#B. 2020 B9 polarized jet fragmentation framework B&E—#&1R1t hadron-in-jet 1L ; 2024 19 A'-
in-jet EIR XML observable BR

r  dol —dot
T 7 dot + doV’

FHRIFAXNBEEZ TR, fEA quark & gluon TER—HILMFEA, FibEEE#EALK gluon polarizing
FFo STAR B9ER A/A-in-jet MEMAHEHEE | BATFHE, AREL4R 0.24 + 0.19(stat) +
0.09(sys)%, A £9%9 —0.77 £ 0.20(stat) £ 0.09(sys)% ; B/i& jet-py bin, A £9775% 1.33 4 0.43%,
M A£49% —1.56 + 0.51%, XELEHZEA-injet FRERNKEHF, MEEEERRE LT BT
gluon-sensitive fragmentation”"Xa)i&o a1
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FEL, 1RINIER Stage 2 HE, EHERRHN—GR/IFELEAXTES | standard-axis pion-in-jet B8
hadron-in-jet B3I A% transversity ® Collins / ordinary TMDFF ESMER R ; TREZMNSTRIENRE
fFzr > 0 REHEANNES REBR. EHSHERMN 1 Collins asymmetry, FE7E 200 GeV 5 510 GeV
ZEILFRERMIT ; A-in-jet MIBXFELE AW DE—MRE spin-dependent fragmentation, FHFiafd

Bz gluon polarizing FFo a3

T—SHSIOXERBEREER Stage 2 handoff 24, AR IMAIEERIH | SN ELERER"TK +
AR + BF + BRI + caveat’,

4F, IEHEL,

FALE40 Stage 2 TR handoff AR, X—REAEZH, MEEZKOIEREENTEEREEEREZEERE
MN%B  BREBREELAN. ATAKF. BENALE caveat,

BMEEIBfS, Stage 2 TIEELEEEMREHA handoff LA T .

RAZDII—RATLUEEE TR | XRGRNELN S K

standard-axis pion-in-jet @3J transversity ® Collins / ordinary TMDFF BB MERERET .

formalism L, 1705.08443 BHIE hadron-in-jet B j | 37 E X 948%t standard jet axis B9 chE 5%, 3

15 X FE X B E] ordinary TMDFF, MMHEXA observable Rkt TMDPDF ; STAR 2025 thE#%{E
Collins asymmetry BB collinear quark transversity 5 TMD Collins FF F9BTUZEHINE, svn

R X DT, IELEEEARTUEEMIEXAIET ., X pion-in-jet Collins asymmetry, &IiEHIRIDZE :
£ zr > 0 B9 quark-dominated i, 7 5 7~ B asymmetry HER/MESR, BRFSHER. BRE
i Eap < 0 KBUBEEE N,

FATAFEMS, # STAR200 GeV 5 510 GeV Bl LE#i%, n" EE jet-pr. KA z 1 bins EENFIL
+2% B +5%, 7~ BHBY 2% B —6%; Mzr < 0 BEHEFERE ~ 1% 2LKHE/\ STAR 200 GeV i
X BB X L RIE Q2 REHEIL 900 GeV?, HATFHL evolution. universality 5 factorization
breaking ; H PDF K ERiZBAM R4 | £RBMAERA KPRY, BES jet-pr B 2 K, nt HIEMNRAUS
FIMBEERE, v

"SHREERIIIEE A EBE, TEUUERFELILLZ— STARS510 GeV SIEELARAMHY | THRE 2y X
1%, 200 GeV 5 510 GeV # Collins asymmetry 231 remarkable consistency, Eti% asymmetry 7£ p'p

1 nearly energy independent, at most with a very weak scale dependence ; X240 510 GeV #iEAR B L
IH 500 GeV £ RS 13 fSFRENKIESE, RHZEL 320 pb !, FIHFRFRIL 55.041.4%, v

AE XX EmELCHTDEM— caveat —fCHIN :

BUBR X / corroborate factorization. Collins universality 58#{t, MARSKIEAT1.
1707.00913 BIFEEE pion-in-jet 5 SIDIS/e" e~ IRINEZBLRIER, FHIRES STAR #4E good agreement ;
2506.21959 MIIBXMIBSEFESIE | XBME X HIMNH—FSEHE, MAR proofo v

A-in-jet X&I B W ELRAI MR BARIETE pion F4&/EH. 2024 BIERIEXAHRIEEE XK

A do! — do*

T dot 4 dot’
FH38iA . 5 eTe #SIDIS A, XEPHE partons ZER—HILHBA, EILAEE XEEER gluon
polarizing FF ; XHiR4 H—MEEEMERKFIRT - gluon fragmentation X3 R SIHEALY 50%, T quark-
only B9 polarization {41149 5-8%, MELKIEBEME gluon polFF K£HEETE positivity bound B9 10% =Ko

arXiv+1
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246 b, STAR 2025 B9EN A/A-in-jet MBEXRBHILXEKT BAEH B, HWEBEEH : A polarization B jet
pr MGIZEIE, 1 A SEIFEFAE ; XEKIESL gluon PFF IZEE#L95, H TR PFF B TMD evolution
5 universalityo aniv

RIEX—HEIERL T — 18] FEB Stage 2 # & handoff :

BMENME, T—FRBANMEE Stage 2 ERWERLTTE handoff, BETRFMRAINS A Stage 3.
TBMRER,

HBSE TR, BEXRRZIERE Stage 2 EIEMSE"'HAR | ABEE 4, MEILTROMEREHTT
——— BB EERHATER formal R, HF—ERMXLERDECERDFTIHH,

BHEETIRERE, X—RREENFIELEICE | EEREXEAJUEformal EKESEE——FEE
Ff"hadron-in-jet il TMD transversity”, TIREE : 3 p'p — jet 7 X, Collins JMNEE

do : sin(6s—6n) sin(is-on) _ Fpr o "
— F . F S—PH A S=PH) _ T

Hrp5 FA B _EH collinear transversity ® Collins FF #54l ; X j, &183] standard jet axis EXBY, X
PREF RN EFEED ordinary TMDFF, #HHiZ observable 7FZ TMDPDF, XWAISE—E, FRITXE
SRR A2 formal Do anives

MREEN'ZELXIIEZ K, NELEREREEMLERBNIENFRDET, EENUER : 7 xr > 0 B quark-
dominated X3, 7" 5 7~ B Collins asymmetry BEZ/AMEDR, 77 ERAY +2% B +5%, 7
ERIY 2% B —6% ; MEzr < 0 KIEEHERE ~ 1% BREE/). XBEEFRE—DHA | XLEEEFH
EZHEE STAR B LEERHAEMUESR, FRESXZERTIR. STAR 200 GeV HWHER BEAR SRS,

zr > 0B «t # m~ B9 asymmetry “large, opposite in sign, and have similar magnitude”s a1

"SHREEHKBIMECEBREE, TRAIMUARMELEILLZ— STAR WEFEE 510 GeV AR | THRA 1
[Xi%, 200 GeV 5 510 GeV B9 Collins asymmetry 23 “remarkable consistency”, FEti% asymmetry 7£
p'p F nearly energy independent, at most with a very weak scale dependence ; %X IF44 i LR X /8]
0.06 < z7 < 0.25, HiRE t-test B9 p-values | | zp i, 7t M~ HFE 078 0.22; | 2 iR, &
7l 0.08 F1 0.21, XEREEE"59&RL/FRAMEIM MNRERFZE, e

A-in-jet X BAMTHLELEHGEIR, MEB T BBEREF. formalism £, 2020 B9 Polarized jet
fragmentation functions B3E—#%#RL hadron-in-jet R4t ; 2024 B9 AT-in-jet I XRIIX NI FEAEE e
fit gluon polarizing FF, 44 H1E X BIVERFIET © gluon WO BITLI A 50%, MIMBEHIEEEKE gluon
polFF B9K/NAZTAETE positivity bound B9 10% 8%%. £ E, STAR B A/A-in-jet MEBIRE : BAETH
WAL£94 A - 0.24 £ 0.19(stat) 4 0.09(sys)%, A : —0.77 + 0.20(stat) + 0.09(sys)% ; & jet-pr
bin (£915.1 GeV/c) &, A#94+1.334+0.43%, A9 —1.56 & 0.51%, XEUZE"A-in-jet F2HIH ]
¥, MeEERAR LI hadron-in-jet #Mm gluon-sensitive fragmentation”BYHIBT andvs

54, 2304.03302 RELSERBAERBAEER, TEATH— TMD BS. RBESKIER, MAREAXRE
LR FICITERIROFIR ; EIIEHPARH standard-axis hadron-in-jet formalism. pion-in-jet
phenomenology. STAR #E. UK A-in-jet I BLRAIE, 2

BIBX— R ERIE 7 #8Y handoff #EXH :
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BT RSB XERNBEIEWERRY Stage 2 NEER R, UHRIESXEBERTK+ AN + BF + B
I + caveat" YRR,

MBS T, XKL Stage 2 BR'EXNARM'E—D | FBY &, MEBIBTLENXBRID. BA
EEER caveat. UREEARENYFIHEBZE—E.

REZIBEENIMNZT —. ETRX—F, RERIBLEEHEERTHIEX. MERKXMEZEZIENT
F, BRREHE R,

XRFEIB/LEAINEREHIENXN G FH—FTEIET .

F—Ha), formalism M ORMRIFEIES © **pion-in-jet Collins channel RZEN—7Z{LE TMD
transversity”, MRERSEMETIE | BUEF4EH collinear factorization 22, MECEAR B Herd X B3
Collins FF #l ; & hadron BI#ERNE j | 483 standard jet axis XA, XNKREITRXEREEES ordinary
TMDFF, **1705.08443 BAFfisH, j| 24BXT standard jet axis EXH, MBERBEXMENXF S standard

TMDFF B35 ; BE5RIE, X1 observable F4k# TMDPDF, H ittt SIDIS EE# ) probe TMD
fragmentationo arsiv+1

54, phenomenology MELLICAIUERMER : **7E zr > 0 B9 quark-dominated Xif, 7" 57~ 1
Collins asymmetry k. RISk, 244EIT ; T 200 GeV 5 500/510 GeV IR FULES, KX TE
hadronic collisions FEZ I HRGFVGERT, **XFEBHEMEE, M STAR 200 GeV EXERETNE
BAHNLIL ; A—BEXEXRBERIR, £RSAERRA KPRY, ERFREES jet-pr KIGEEMTEIE, B 2
5 jr ZHEERKRA Collins FF BMKIEMH REER LA ERA DB RLIE, i

E=a, XTHEEERY, NETEIUERELERMAEME, STAR510 GeV BFEEIEXERES, 1RHEF
zr XA, 200 GeV 5 510 GeV B9 Collins asymmetry 231 “remarkable consistency”, FEitiZ
asymmetry 7Z p'p & nearly energy independent, with at most a very weak scale dependence ; [FIBJ4E
MIRHEH B Q2 < 3400 GeV2, BXRWR, XENEAHN T EMEM ttest K xp &, 7t M 89 p-
values 352 0.78 1 0.22 ; #% z HIRNIZ 0.08 71 0.21, £EHTF 0.05, FMENEXENBRELITEEN
BB, s

EMa, SHAMXLFEEICRN HIA caveat | XEBUERERZRF. 9K, corroborate universality /
factorization / weak evolution, TMIARE™EIEEAE ], 2506.21959 WRBBES ENEEIEXAIESE
% : {E& A SIDIS 5 e e HEXRIM transversity/Collins #iA L STAR B9 200 GeV #1510 GeV HUE,
ARI7t jet transverse momentum. z  pion #H3¥ jet BY transverse momentum 53%#%H generally
good agreement ; {BfEERNERI, XRZEXM pion-in-jet 7 TMD factorization AJBERIL. Collins
universality #ZEEVRH—B TR, T2 proofo o

A-in-jet XET BEAMAHLELTUESRIN, REEERMATRIBES pion E4H7], MEE
pion/Collins E4&i{FzfE, B hadron-in-jet AIH#E~ AE—A& spin-dependent fragmentation probe”f#"
. 2020 By Polarized jet fragmentation functions BEFfi%, XENEZRAZTHNESHHAHIEI standard jet
axis BRIBMRIL hadron-in-jet, #LA longitudinally polarized collinear A 5 transversely polarized TMD
A 7 5 2024 B9 Al-in-jet XERM#H—53238, X NBEZFLUER, RN pp HEIUEREAAR gluon
polarizing FF, a2

MAXET BADEE TRENET. 2024 1 Al-injet Big g d, DBEXA gluon fragmentation B
BAAZ9%2 50%, T quark-only B9 polarization 2 25 5%-8%, FILINEEHIERIXE gluon polFF REEAKE
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Rb7E positivity bound BJ 10% £%&. K&/ STAR BUE inside-jet MELRH A BTFHRIELH 0.24 +
0.19(stat) & 0.09(sys)%, A £9%9 —0.77 £ 0.20(stat) £ 0.09(sys)% ; 7E3%% jet-pr bin, A XF
1.33 £ 0.43%, M A 3 —1.56 = 0.51%. STAR iXEBE&H, XESBEMX gluon PFF BIZIZR, anves
ENZHHROEERETRT. siEmRE—KEXEF® . B standard jet axis. Jis ¢ss ¢ BILEXR; F
[B]fX—3 STAR 200/510 GeV XECE K&EE" /L FEEEMI" ; I BEBH—3K A/A-in-jet i jet pr T(LAIL
RE, A TE, A SERAIEE—BIHE, axis choice THARE/LA)IE comment, REFo s
RBRIMENMEL, Stage 2 EREAERERMOXHGT., TP HIECEIERTE handoff | BEEER"E
3K + A3 + WF + BRI + caveat”, JAIFETE Stage 2 FRHAIA.

¥, FHnBHE,

K FHA1E Stage 2 IERERAE handoff 7o X—FBRABY BHXM, MEIBELWINNELMEIRIERAE
#Ei# A Stage 3 FUZEHITL ST,

HKELE Stage 2 BIERLIET handoff IR T . MEXEMHELWEREIFIER# A Stage 3 FIKRE | &, &
XBEZE. ATRAHE. BEN. URMBTREHN caveat ELDHEIEF T, fiER EBIANEZARBER
TE : **LL hadron-in-jet 7£ TMD ¥ MR IERA N EL, RERLIL ; formalism HEXZE,
experiment IR FZE ; HMA A-in-jet B, **X—FE45 standard-axis hadron-in-jet B &
ordinary TMDFF By formal fGR—%,

TR

HABKRAKIE T /L& EERA EEE#H EXHROHIET

pion-in-jet kN E A% collinear transversity ® Collins 5 fragmentation-side TMD structure BY#ERER
i Tzr > 0XKE, 77 57 8 Collins asymmetry BBRIZNADMESR, ERIL +2% 3 +5% 7 —2%
B —6% ; M 200 GeV 5 510 GeV BJ STAR FRETEHMA or KiBWRI L JLFRERMIIANTTA, BXERRH
3t universality / factorization / weak evolution FIZIFELNR, MAREKIER. A-in-jet HEWHEEAT R
£, FARtER hadron-in-jet BIH#E RE—A%EY spin-dependent fragmentation, FH a4 gluon
polarizing FF,

i, Stage 2 MAENBFERXE, FIRHAIAEEHA Stage 3.

stage_3_writing_framework_protocol_v13.md
File

B3N

FEIETE 3 MY Stage 3 HNES REEERIGH, FERERIEX ; RN E writing_framework.md
R—ARENH, HiEihade framework package B EE, SRFRIEMIEAE, ReEEE# A Stage 4.
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stage_3_writing_framework_proto...

HAMT AORE, BAKESRE !
o BRE : Stage 3 HXE % ; HEITIE ZERAH ; Stage 2 TEASFEHIHHEZER,

stage_3_writing_framework_proto...
o MEBAE:
1. model/style-reference checkpoint E&HIA. =Y, EF=EE—hR framework draft Z&f, &%
MEAMIRE R RIRM | EMEERN. XNBEZIEX. WEHE, EREHIE,
stage 3_writing framework proto...

2. MY E3K Stage 3 3£EX reading_notes.md. formula_bank.md. figure_bank.md. argument_bank.md.
formula_spine_bank.md. numeric_result_bank.md 3 Stage 2 HiA, FEIIMEECENESHEIEHD
Stage 2 final handoff M8 X B4, FILIETREKIEIE Stage 2 handoff BES/EAR HINE
REGXLEFAME, BHAERIZIT. XTAIUBARERTER, FREERIAN4EL,

stage_3_writing_framework_proto...
MY, FHia Stage 3 B, HIMERFEIRAIAX checkpoint :

Model/style reference checkpoint:
- BEMBERLX !

- XXEELX :

- WEHAEX:

- BE L EBRE / TR

BRI EEE B FEEf e — -

o RUEHWBE

o BRHEXNBE

o MEIEM

o BARM, BRUNMEN—RFRATHESH

fREl & f&, HAMIEF A Stage 3 framework design,

Sources

Model/style reference checkpoint:
- EMEBEIL ¢ arXiv:2509.02790
- XNBEILX | arXivi2506.09119

KERBIEMEXNEE, B TRESIE Stage 3 hiY, IBIME Stage 2 handoff EHNERIGITHA, BES
XAREE N EESEEE" M X NEE"RIAR, £E—HR framework package,

HKELAE Stage 3WEBBRETRT | &M L& 2509.02790 By 5HESL, B#x0 formalism, B
FRIMRFEEL"HTE ; XN LG 2506.09119 BYBUHcN 7. BNEITE. BRBDEILZILYIED
BE'MNEE, BERIBHERFERNR,

Stage 3 BEE5EM, HEZRMNETE framework package, FFIREEMIL#EEFREH A Stage 4.

XhR framework N APERELZLHET -

g, FRMERT 2509.02790 Bifh a5 E5IRE TS|, B#HO formalism, BERIRE/LIL"HEME
%, MEEMRENBEMAT E. i
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XX E, FEABT 2506.09119 B/ LMEE | FrkALYIEIY, BIEHRBIRIZIENZRIETIEE, HEEF
formalism. phenomenology. experiment =&z [E]fV5&:3E ; R EE IR ENRZABMBRER.

T

Xhf framework BREIE T JINX = :

F44 2 standard-axis pion-in-jet fEJ5 transversity ® Collins / ordinary TMDFF FMERIEF ; SLIERHD H
FIEBFXBERIKSS, FERERLDE ; A-in-jet HARB AT BE, MARHEXMERNE. X Fintk
5 recoil-free/WTA i, tHBERIRIFRIERERIE comment, FRBHARKER. rAEMZFIUEERENE
£, 5 hadron-in-jet B#%#% ordinary TMDFF B9 formal fii—%o andv

IMEIBIREIXE Stage 3 framework, REEMHLER, FB#HA Stage 4.
i,

KB, Stage 3 framework BEitA,

HEIAE

e Stage 1: Bt
e Stage 2 : BERFFiLE
e Stage 3 : BemiHilt
o T—4#A Stage 4 2XE{E

BERZE B 4 MY

stage_4_drafting_protocol_v15.md
. File

BATMIN

KEIRTE 4 MY Stage 4 HEE R | EEWELENFIRT, RE#ERN framework HIEEEHIEXET ;
EREEFIRITAN. FRENHEN, tREREESNRRAREDE,
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ﬁ%{m? Stage_entry gate *‘_?ZE . SWEEe 4 _araiung_prowcor_vid
- B#WRE
e Stage 4 MY BEi%.

stage_4_drafting_protocol_v15

e Stage 3 BY writing_framework.md B,

e Stage 1-3 ELAREERH :
M hadron-in-jet 7£ TMD ¥IERHRHMERIERAAEL ; formalism IEZE, experiment REH
FXHE ; FERLRLSR ; A A-in-jet § B

o WEREENEEFHTTRRFIH

o &MY, Stage 4 EE T 15EY reading_notes.md. formula_bank.md. figure_bank.md.
argument_bank.md. section_evidence_map.md. branch_realization_plan.md.
section_formula_spine.md. numeric_density plan.md. bibliography_ledger.*.

branch_supply_gap_report.md %,

o BEIEIIBAMI Stage 2 final ha:léeb%fr%ﬁlng;tr;;:; framework &, (BREXLTELFRANHE.
o XAHIFMFAE, FAFKETUSIDIA B EA R BRI AL TN EREZEHI S, BHAEXE
Eo
MERERE—NMAOXGEEFRBEIA | BERAER, hiVERX—SEFIRE 2 i eam,

stage 4 drafting_protocol _v15

BfRiE—

Drafting mode:

- A, BRESEL, HRARRFEIETXHE

- B. 2ETHY, SEEEF

- C. PR ERBSENTXN, REBEH
D. Hftt (35iREA)

HEBGE A 5 B, IRIFRERFRY, HEKA A BRESZRL, HRANFRESETXH.

Sources

HIRIRIER) A BIHEH | 508 Stage 2/3 BHUEMKIELA S Stage 4 FEMZFINMG, AREREEERIE
X, HRREFSRSDTET .

HELZE Stage 4 NEMIZHI SIHEZEHEINTY . BTRBA LRIV ENTEEERN, ARERERS
B DETXAMBENX M, #REEmSE X5 AAEF .

HEKBIEXERMIEELNTT T, WEEEER | [EERESR. 7ETT. Stage 4 FRFERIXH, UKk
— T BEXH, AEREEERHA Stage 5 SEEMER.

Stage 4 B5ef, HERABANERERBENET XM &E 4 i, X—MERAETNERNERGEF, FF
RV T —F 55,

TEHXH :
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B Stage 4 FEMIEFIABEXHF—HEIBEHTET, TIE reading_notes.md. formula_bank.md.
figure_bank.md. argument_bank.md. section_evidence_map.md. branch_realization_plan.md.

section_formula_spine.md. numeric_density plan.md. bibliography_ledger.*.

branch_supply_gap_report.md %, ETF{REEIEZH A Stage 5 WS EER.
— S INRIRBLEE, EAX 8 5 MM

stage_5_review_and_revision_protocol_v13.md
File

5N

Tk Stage 5 WA O : BEIA canonical draft. &3t Stage 4 #FINXHRETTE, BH—KBE S HHAHE
BNR/NBERE, FXRIEZERABERIIEMETR", FAUARSRININIM review only, #iHTEE review
report,

HELZFTT AL draft —EM410E  Stage 4 FEZEFIXMATTE, full_draft.md SNETXHELR—H,
FILUE full_draft.md {E/9 canonical draft it &, RAEREBRE—REEADRSHERE, ARIRHIE

I{ review_report.mdo

BEAEFERENDRT . HaiHE | XNBEFHEEEENN, SRBEFET, EFEEXT TTHAR
BHPRES, TEBEEZZET . B claim-support 7. PEEENE XBER. URSIRNEHREN
summary/Al Jg&3k,

Stage 5 review-only B5E%, FHEfRTE review_report.md, MY, X—HRHEIALMITE, FEHER.

stage_5_review_and_revision_pro...

TR

X E2¥#Z © usable internal draft; major revision needed before circulation,
BB R ELRIRTIT. EHSFET . formalism 5 phenomenology B4 x Rt EAKRIEM,
REEMIANIBN=FFEZ

1. JREB claim-support &, £H Sections 2-4 f BISHIAM citation / evidence anchors,

2. PEESZHEXRER, ERACREMLKH T E 500 GeV STAR pion-in-jet &R, BEEXHKERE T
arXiv:1708.07080, .

3. XR{HEHEE summary/Al B, X% E55E2E] citation-backed authored review”89 B/,
BERSECAKBEAIMT - domain-expert review. formula-and-reasoning review. framework

compliance. numeric-density review. branch-realization review. style/human-writing review.

bibliographic integrity audit, UKz EIZEHEFH revision priority liste PEKEAE, HEEAMES!
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1708.07080 X—E#ZEFiF3RIeXE ; BN, (RERFERRIA 2025 Fijazk (2506.21959. 2507.16355.
2509.17487) AEEIME)THo axiv2

T—HUMRMFE, BMEFEIRXG report FF 4 Stage 5 revision,

Sources

ME—TH&ENtoken B, REEZEMAHME, TORH, BERLIBGIT,
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10° &3, TE{KiH AL 8/5-205 tokens,
—NEEBRSABZE :

o SN + X LEXA [ 15-457
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o JURANXMAER (Stage 2/3/4 handoff, draft. review ETEAAERK markdown) :37-108
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FRA—EIESLE
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