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Abstract : A momentum charge correlation ratio observable 7, generalized from the balance function [1], is measured using data recorded with the H1
experiment at HERA during 2003 to 2007. This variable distinguishes between same-sign and opposite-sign charged particle pairs[2] in a jet. The average 7.
Is studied for two configurations (prongs) of the leading particles in the jet, defined with the help of declustering in a recursive soft drop technique. When

resolved as as a function of other kimenatic variables, such as the formation time, this probes the transition from non-perturbative to perturbative aspects of
QCD. This sets the path for a novel way of studying jet substructure and the evolution of partons in a jet. The data of 7¢ at different prongs reveal differences

between the first and subsequent splits. Data are confronted with predictions from various event generators.

ivation * i7ati ' r.for Subjets : Partonic Proxies Significance of r
otivation : Hadronization via r, c & c
: - _\™Using Recursive soft drop (JHEP06(2018)093
Observablg : ch.arge-momentum correlation, r. 4 g e P (_ (2018)093) alternating” picture : “random” picture :
» Correlations in momentum, charge and flavor 2 ?agi ~ _ hy \ no charge correlation
» Leading(L) and next-to-leading (NL) a cc =0 U “ulL‘”' rt Noo = N
momentum particles in a jet Y \\ h, ro=-1 d Charge
» h1land h2 are charged hadrons only 6\(\% - u d neutral r.=0
o’\e’b h,, h, get resolved in first prong (ng = 1) H# - pair
Ncc — N S n=1 n=2 : e w
y = 2CC~ cC *E}«\ o "%aam_hl y— v
¢ Nc¢c+ Ngg ’%%.\ N _
CC CC | Phys. Rev. D 105, L051502 . h, Partonic final state - u and u
N, : - Combine charge-neutral pair : d and d
cc :hy, h; have same sign charges h,, h, get resolved in the second prong ; "
Neo - h,, h, have opposite sign charges (ng=2) r.is a measure of the fraction of “string-like hadronization”

Event and Jet Selection -30 cm < zVertex < 30 cm, 45 GeV< E-pz < 65 GeV, Q2 > 150 GeV?, 0.2<y < 0.7
anti-kt R =1.0, p e > 5.0 GeV/c, -1.5 <N < 1.5. [LAB frame]

 H1 Prelirﬁinary

S 1 H1Preliminary oData - 5 'H1 Prelimi | Dat = E H1 Preliminarv antkt R=10 .
: o | 80 maeia T o g | o | Bgug oM 777" | Djangoh and Rapgap
E" —O— . éc\:_ _11.;-;]arg<e1.5 - - --Djangoh EC:'_.I O—1E_ o 5= —S.apga:_é é‘:‘_ - 15<n, <15 reproduce the DATA
o h,h,-charge 5 0'1_pﬂet>516teev/c 7 5 [ an I_C a_r;a :C)';" Jangon 4 5 0.1 i i pT;.et>5GeV/02_ . . ]
= 051 asen <15 2| o> wmocey 2 | f‘j_‘;jn:m e oo dlstrlbutlon§ well
o pTZ‘jet>5G.eV/c2 0.05_0.2<y<0.7 . 10 E Prg>5GeVie _ 0.05 o Data - (reconStrUCthn |€V€|)
—0— Q"> 150 GeV Q> 150 GeV? ——0— — Repgap
02<y<0.7 0.2<y<07 . - jar:go )
0 > 1 6 5 0 5 107 ———— =S 0 10 20
Niets T]jet 10 P T jet (GeV/c) Nconst. in jet
: : . . Prong Kinematics : p=1,z_.=1 at Resolved Prongs
Momentum Sharing of Leading Particles in Jet s _ A=1, out o 5
prong(nR)zl » E 0.1HH1 P'-’le(;ilmi"ary :ntlitg%?;ﬂ - 310115_:::52:;:1' H1 Preliminary |
L : ‘NL particle— Jet __/_(h% (h,) £ | M o | S | e s
LlC]Uld Ar CalOrlmeter 01 d/\*\ ‘\\ nR=1 ' %005 pT‘jet>5jeE;‘|eV/c % 0-1'22132525362 ) 7
~ o) o) i g 45 I > 0.05[ C P> 150 Gev? | & > 150 GeV'5
o/E =11%/VE, @ 1% (electromagnetic) ~oreas L partilce Wider angle > pronn-1 % <y<°0_7 >005_o.2<y<o.7 ponein=i|
O'/E z50(%)/\/Eh @ 3% (hadronlc) soft radiation —Rapgap | —Rapgap
CTD: Single Track resolution S [H1Preliminary’  antiiR=t.0 3 |WiPreliminary o Da n)=2 B e el
— o ° hhy-charge — 0.2F o 4 prong(ng)=2 S _[H1Preliminary  amitrto | 3 | anikRto | H1 Preliminary
GpT /pT — 0.2% pT/GeV @ 1.5% 50,'- -1.5<njet<1.5 5011— - _DJ gon ( =2 02 O Data Z,4=02,p=1 = | Zo=02,p=1 |
i’ 0. >5GeVic % antikt R=1.0 ¢ 11) & — Rapgap hih,-charge & 021 hncharge
O =1 mr oo | 2 o Teonos - N U N L T Tt = P
(magnetic field =1.16 T) | opata 02<y<07 | . >5GeVie > 01 @ tsocer o > | & 0o -
| —Rapga é> oV2 = 02<y<0.7 ’ '_ ata
Data © 2004-2007 - Djangon - o Narrower angle prong(ng)=2 prong(n)=2 e
Vs =319 GeV, L = 361 pb 0 0.5 pzlg 0 05 pzn_lea; harder radiation L i : L ael [249“
Ry Z,
Result and Conclusion: Formation Time pérturbative ion-perturbative r. with k; ro with pqje,
. © ko I . I - (.)—0.1 L | 7 v T T
P total momentm, z momentum fraction of h2 S0 H1 Preliminary . of H1 Preliminary l _— o H1 Preliminary
2 _ : Anti-kt R = 1.0, z,,, = 0.20, B = 1 | Anti-kt R = 1.0, z,,, = 0.20, B = 1
Koerp” = relative transverse momentum T 0.2+ -
o o _ 2 A - G —
Formation time, t ;.. = [22(1-Z) P] / K, b
= A et B B B | T —0_5— —
& IF _H1 Preliminary E - H1 Preliminary e L e S P
g -2 i ] i ‘ g (hh,opposite sign) 1 l Data DJANGOH RAPGAP N
-oH10 = r - S ~ RAPGAP DJANGOH  Data : ohh, o b Data DJANGOH  RAPGAP
z [ 1 f e e OB —0.6f " Afspit —tPog - FProng — S T O
- — = ~ - -- 1" Prong = 1" Prong *1 Split _5{( e " " —0.5F * 17 Split — 1" Prong --1 Prong =
10—5 = Data - - eon CAPGAP 4 —1 .. ond+ Prong _ ond+ Prong A 2" Split — A2 | Split —2 ProngI - = 2" Prong A2 Split —2% Prong - - 2 Prong
s | | _ N Jfrong -2 Prong
- ohph, E [ —hh, --hh, E S B @ * A DJANGOH _ - .
8 — *;S:msglitl. - - —1S:dF+’rong --1S:d+Prong - CDU 0.5} gi’;‘%ﬁgH C.) ‘Z' 2 = - :Qi 0.5 O % A RAPGAP éi 0.9f C.)iz_ g}ﬁl\g’i\gH * B
oy e d b L S of Wit*_—;ﬁ__ U e e e X == = I
10" 1 10 102 10* _10* 10" 1 10 10> 10° 10° i | _% I £ 0.9 - 0.5 -
tform (fm) tform (fm) "CE_O 5 0 ) ) CDB -
e L 1 " N -‘2 -3 ||4 ~ O 1 2 3 ~ 10
: : _ : : = 10" 1 10 10> 10° 10 GeV/
v'Density of leading pairs in small formation time () K (aevic) Pr. i (5€VI0)
: : : : v Small k, belong mostly In :
is much large in the 15tsplit compared to that of later splits. L - 5 . Y ’ v'"MC shows extraordinary
- - - : : nonperturbative domain and r :
v'Large decorrelations is seen in r.at small formation time (< 1 fm) < P ] y ; ¢ scaling except 1st Prong
: - . - . IS large. Large are relate : :
v'At large formation time r, is stronger for 2" splits compared to that of 15t split flg & I ll ' ’ v'Data shows decorrelations in
. mostly to ear uon splits an - :
v'Rapgap and Djangoh values are comparable to data Sty h'y 5 r. with jet transverse
r. 1S approacning to zero momentum

References: [1] S. A. Bass, P. Danielewicz and S. Pratt, Phys. Rev. Lett. 85 (2000) [2] Y. T. Chien, A. Deshpande, M. M. Mondal and G. Sterman, Phys.Rev.D 105 (2022) 5, L051502

A \\ L
Center for Frontiers Stony BI'OOk UIllVGI'Slty

in Nuclear Science



https://www-h1.desy.de/h1/www/publications/htmlsplit/H1prelim-22-032.long.html

