
C O L O R R E C O N N E C T I O N I N W P A I R E V E N T S * 

G U I L L A U M E L E I B E N G U T H 
Ins t i t u t de Phys ique Nucleaire 

C h e m i n d u Cyclo t ron 2, 1348 Louvain- la-Neuve, Belg ium 
E-mail : guil laume.leib engut h@cer n. ch 

Color Reconneetion in W*W~~ —» qqqq events is the main systematic 
effect on the W boson mass measurement. A review of the ongoing 
studies at LEP2 is reported. 

1 I n t r o d u c t i o n 

O n e of t h e p r i m a r y goals of t h e L E P 2 p rog ram was t o measu re t h e W boson 
m a s s t o t h e bes t possible accuracy. A t t h e L E P collider, W bosons a re pair 
p roduced . W h e n b o t h W bosons decay hadronically, one usual ly refers t o t h e 
fully hadron ic (or four quarks) channel . T h e W boson mass ex t r ac t ion from 
t h e invar iant mass spec t r a is based on t h e direct r econs t ruc t ion of t h e decay 
p r o d u c t s , a ssuming t h e W bosons t o decay independent ly . 

T h e hadron i sa t ion scale is larger t h a n t h e d is tance be tween t h e W bosons a t 
the i r p r i m a r y ver tex . Therefore, t h e decay p r o d u c t s have a significant space-
t i m e overlap, allowing t h e exchange of color be tween t h e decay p r o d u c t s of 
different W bosons . Th i s effect is called t h e Color Reconnee t ion ( C R ) , which 
is t h e largest sys t emat i c unce r t a in ty of t h e W boson mass , a t t h e level of 100 
M e V / c 2 ( the s ta t i s t ica l uncer ta in ty be ing 35 M e V / c 2 ) [9]. 

2 C o l o r R e c o n n e e t i o n 

In t h e r ea lm of p e r t u r b a t i v e Q C D , t h e color flow of t h e p r i m a r y qua rk is re­
a r r anged a n d possible C R effects can b e quantified. T h e shift of t h e W boson 
m a s s is p red ic ted t o b e smal l (AMw < O (5 M e V / c 2 ) ) and can hence b e ne­
glec ted [1]. T h e effect of C R in la ter hadron iza t ion s tages h a s t o be e s t ima ted 
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w i t h n o n - p e r t u b a t i v e Q C D mode l s . C R has been i m p l e m e n t e d in a n u m b e r 
of f r a g m e n t a t i o n gene ra to r s : S K I , SK2, S K 2 ' [2] a n d G A L [3] for t h e P y t h i a 
( J E T S E T ) [4] gene ra to r . In A R I A D N E [5] a n d H E R W I G [6], C R has also b e e n 
inse r t ed ([7] a n d [8] resp . ) . T h e s e s imual t ions p red ic t a b o u t 3 0 % r e c o n n e c t e d 
events , excep t for t h e S K I mode l , whe re th i s fract ion is a free p a r a m e t e r . I t s 
d e p e n d e n c e is e s t i m a t e d t h r o u g h Preco = 1 — exp{—nf) w i t h t h e s t r i n g over lap 
f a n d a free p a r a m e t e r K. 

3 I n c l u s i v e M e a n C h a r g e d M u l t i p l i c i t y a n d M o m e n t u m D i s t r i b u ­
t i o n 

A large p a n e l of observables c a n b e t e s t e d for a possible man i fe s t a t ion of C R . 
O n e n a t u r a l choice is t h e inclusive m e a n charged mult ipl ic i ty , < > . 

To m a x i m i s e t h e i m p a c t of C R , t h e difference A < Nch > = < > - 2. 
< NJfj?q > is chosen. I t shou ld van i sh w h e n C R is absen t . A s c a n b e seen from 
Tab le 1, n o C R is observed in a n y of t h e four L E P expe r imen t s . 

Tab le 1: S tud ie s of t h e m e a n cha rged mul t ip l ic i ty of t h e four L E P e x p e r i m e n t s . 
T h e y shou ld n o t b e combined , because different cor rec t ion t echn iques have b e e n 
app l ied . All n u m b e r s a re p r e l im ina ry [10]. 

C R shou ld also occur in t h e low m o m e n t u m region of fully h a d r o n i c W W 
events [1]. F i g u r e l b shows t h e £ d i s t r i bu t i on of A L E P H [10]. However , t h e 
f r a g m e n t a t i o n mode l l ing effect is la rger t h a n t h e C R , m e a n i n g t h a t also t h i s 
observab le is n o t sensi t ive e n o u g h t o C R . 
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F i g u r e 1: Left (a) : P r e l i m i n a r y pa r t i c l e flow r a t i o us ing t h e L 3 d a t a . R igh t 
(b) : Inclusive cha rged pa r t i c l e m o m e n t u m d i s t r i bu t i ons a n d c o m p a r i s o n w i t h 
M C inc lud ing C R or n o t . 

4 P a r t i c l e F l o w A n a l y s i s 

T h e s t r i ng f r a g m e n t a t i o n m o d e l t e n d s t o p red ic t t h a t m o r e par t i c les a r e p ro ­
duced in t h e region b e t w e e n j e t s from t h e s a m e W boson ( in t r a j e t region) t h a n 
be tween j e t s from different W bosons ( inter j e t reg ion) . T h i s c a n b e expressed 
in t e r m s of a pa r t i c le flow t h a t descr ibes t h e n u m b e r of pa r t i c les p r o d u c e d p e r 
a n g u l a r un i t be tween t w o ad jacen t j e t s . C R will modify t h e o c c u p a n c y in t he se 
regions a n d a l t e r t h e pa r t i c l e flow. 

T h e ana lyses use t h e i n t e g r a t e d pa r t i c l e flow of t h e i n t r a a n d in te r j e t re­
gions. T h e r a t i o of t he se two quan t i t i e s is e s t i m a t e d for several mode l s 
w i t h a n d w i t h o u t C R as s h o w n in F i g u r e l a . To ease t h e compar i son , th i s 
r a t i o is normal ized t o t h e e x p e c t a t i o n w i t h o u t C R , r = Rj$ta/R™~CR. Tab le 
2 l is ts t h e L E P combined r va lues , a ccoun t ing for t h e different pu r i t i e s [9]. 

Tab le 2: P r e l i m i n a r y L E P combined r va lue . 
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w h e r e C R yields t h e largest uncer ta in ty . Therefore , a l t e rna t ive Mw est i­
m a t o r s , or iginal ly p roposed by t h e D E L P H I co l labora t ion [11], were s tud ied t o 
r educe t h e sens i t iv i ty t o C R . 

T h e first e s t i m a t o r uses only t r acks w i t h a m o m e n t u m exceeding a given 
cutoff va lue (so called Pcut) for t h e recons t ruc t ion of t h e invar iant m a s s . T h e 
second e s t i m a t o r is t h e so called hybr id cone: I t s t a r t s w i t h t h e j e t d i rec t ion 
o b t a i n e d by t h e s t a n d a r d analysis . On ly par t ic les w i th in a given cone r ad ius 
(Rcone) a re kep t a n d new j e t d i rect ions a re r econs t ruc ted i terat ively, un t i l a 
s t ab le j e t is found. 

T h e s e n e w m e t h o d s lead t o a significant r educ t ion of t h e C R b ias (as shown 
in F i g u r e 2a ) , a n d cons iderably decrease t h e s ta t i s t i ca l u n c e r t a i n t y of t h e K 
p a r a m e t e r : 

T h e m a i n u n c e r t a i n t y in r is d u e t o t h e had ron i sa t ion ( ± 0.008). T h e 
e x t r e m e S K I 100% scenar io can b e excluded a t 5.2 a. However, t h e d a t a agree 
w i t h t h e s t a n d a r d M o n t e Car lo (i.e. w i t h o u t C R ) only u p t o 2 a. For t h e 
p a r t i c u l a r S K I mode l , t h e preferred value of t h e free p a r a m e t e r K leads t o a 
r econnec t ion p robab i l i ty of 49 %. T h i s value is cur ren t ly used t o ex t r ac t t h e 
C R c o n t r i b u t i o n t o t h e sy s t ema t i c unce r t a in ty of t h e W boson mass , which is 
in itself t h e m o s t sensi t ive observable t o C R . To i l lus t ra te t h e i m p a c t of C R on 
t h e W boson mass , t h e nex t sect ion will b e devoted t o a new W boson m a s s 
analys is less sensi t ive t o C R . 

5 W M a s s A n a l y s i s 

Curren t ly , t h e bes t e s t i m a t e of t h e W boson m a s s is 

6 R a p i d i t y G a p A n a l y s i s 

C R is s u s p e c t e d t o b e one of t h e source of r ap id i ty g a p events , whe re two 
d is t inc t r ap id i t y regions can b e discerned. T h e s e a r e n o t res t r i c ted t o t h e W 
boson pa i r p r o d u c t i o n . Therefore , t h e pa r t i cu la ry large Z° r e sonance d a t a set 
of L E P can b e explo i ted t o p u t m o r e s t r ingent r equ i remen t s on C R models . 

In t h e s t a n d a r d M o n t e Car lo , only t h e s implest topo logy of t h e color flow is 
allowed, m e a n i n g t h a t t h e q u a r k s a re d i rect ly connec ted w i t h o u t crossing. In 
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F i g u r e 2: Left (a) : Difference mW(K) - mW(K = 0) as a funct ion of t h e S K I free 
p a r a m e t e r . R igh t (b ) : D i s t r i bu t i on of nf^ading in t h e lead ing p a r t of t h e g luon 
j e t . N is t h e t o t a l n u m b e r of g luon j e t s a n d Ngap is t h e n u m b e r of j e t s w i t h a 
r a p i d i t y g a p . 

C R mode l s , t h e color flow can in a d d i t i o n e i the r cross or a p p e a r as d i sconnec ted 
ent i t ies (g luons) . Topologies w i t h one a d d i t i o n a l r e c ons t ruc t e d g luon j e t a re 
of specia l in te res t for C R s tud ies . However , b o t h R a t h s m a n n a n d A r i a d n e - C R 
show a s t r o n g d i sagreement w i t h t h e O P A L d a t a [12] see F i g u r e 2b , even w h e n 
t h e M C p a r a m e t e r s a re r e t u n e d t o accoun t for t h i s d i s t r ibu t ion . On ly H E R W I G 
C R c a n b e b r o u g h t in to some a g r e e m e n t s w i t h t h e O P A L d a t a . S imi lar ana lys i s 
a re cu r r en t l y be ing p r e p a r e d by t h e o t h e r L E P co l labora t ions . 

7 C o n c l u s i o n 

Stud ies of C R m a y he lp t o ga in fur ther u n d e r s t a n d i n g of t h e space - t ime evo­
lu t ion of t h e f r agmen ta t ion . All s t u d i e d d i s t r i bu t i ons a re c o m p a t i b l e w i t h 
s t a n d a r d M o n t e Car lo p red ic t ions . Recen t deve lopmen t s , like t h e n e w mw 
e s t i m a t o r or r ap id i ty g a p s tud ies give h o p e t o exc lude some C R mode l s . 

N o C R effects a r e observed on a level of 100 M e V / c 2 in t h e L E P d a t a . 
However , t h e assoc ia ted u n c e r t a i n t y of color r econnec t ion in t h e W b o s o n m a s s 
is 100 M e V / c 2 , therefore it is sti l l of i m p o r t a n c e t o b e t t e r u n d e r s t a n d th i s effect. 
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