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Introduction - BEC

_ _p2(p1,p2) p2(Q)
Ro = P (2P1 )1/)1 (i’z) = Pi(Q)

Assuming particles produced incoherently
with spatial source density S(x),
Re(Q) =1+ NS(Q)

where 5(Q) = [dx e S(x) — Fourier transform of S(x)
A=1 — A < 1 if production not completely incoherent

Assuming S(x) is a symmetric Lévy stable distribution
with radius r, index of stability o (v = 2 for a Gaussian) =
Ro(Q) =1+ xe (O)"
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The L3 Data

ete” — hadrons at /s ~ M,

about 36 - 10° like-sign pairs of well measured charged
tracks from about 0.8 - 10° events

about 0.5 - 108 2-jet events — Durham y., = 0.006
about 0.3 - 10° > 2 jets, “3-jet events”
use mixed events for reference sample, pg
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The Simplified 7-model

We use the parametrization of the Simplified 7-model.

T.Csorgd, W.Kittel, W.J.Metzger, T.Novék, Phys.Lett.B663(2008)214
T.Csorgd, J.Zimanyi, Nucl.Phys.A517(1990)588
L3 Collab., Eur. Phys. J C71 (2011) 1648

2 parameters:
o effective radius R
e index of stability « of the Lévy distribution
Ro(Q) = [1 + \cos ((Rao)2 )eXp (_(Ro)2 )} (1 +cQ)
where R2" =tan () R?
Compare to sym. Lévy parametrization:
Fe(Q) =7 1+ oxp [-1rQ| *]| (1+ Q)
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QCevy ’ ’ Yoaery )
Simplified 7-model works well — L3, Eur. Phys. J CT1 (2011) 1648

sym. dists. do not because of anti-correlation region
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Jets

Jets — JADE and Durham algorithms
o force event to have 3 jets:

e normally stop combining when all , pesese=
‘distances’ between jets are > .

¢ instead, stop combining when
there are only 3 jets left

e Jo3 is the smallest ‘distance’
between any 2 of the 3 jets

20000 |

5000 |

e o3 is value of y., where number of ¥ LiEenn ¥
jets changes from 2 to 3
, . D )
define regions of y,; (Durham):

y5 < 0.002 narrow two-jet or
0.002 < yp, < 0.006 less narrow two-jet yo, < 0.006 two-jet
0.006 < y%, < 0.018 narrow three-jet 0.006 < yp, three-jet
0.018 < y2, wide three-jet

and similarly for ygs (JADE): 0.009, 0.023, 0.056
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Jets

order jets by energy: Ey > Eo; > Ej
Coordinate system: Z — qq(g)
« estimate qq axis by thrust axis, i.e., axis rir for which
_ X Pl i
T = S5 S maximal
e 3-jet events are planar.
Estimate event plane by thrust, major axes.
Major is analogous to thrust, but in plane perpendicular to rir.
e Note: thrust only defines axis |rir|, not its direction.
Choose positive thrust direction such that jet 1 is in positive
thrust hemisphere

o Similarly, choose positive major direction such that jet 3 is
in positive major hemisphere

ISMD p.7
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Jets
rapidity, yg, of particles from g>_
jet 1, jet 2, jet 3: q q
&y < 0.002 0.002 < yp, < 0.006 0.006 < yp < 0.018 0.018 < y5
1238 185508 18358 123558
-6 -4 -2 0 ‘2 4 -6 -4 -2 0 2 4 -6 -4 -2 0 2 4 -6 -4 -2 0 2 4
Ye Ye Ye Ye
e yz > 1 almost all jet 1 almost all quark
e yg < —1 mostly jet 2, some jet 3 mostly quark
e —1 < yg <1 jet-3 enriched largely gluon
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Fits of simplified 7-model - 3 preliminary
To stabilize fits against large correlation of «, R, fix « = 0.44

Sellect ‘pa‘rtic‘;le pgirs by rapiFIity o‘f pair‘ With y2,
' s oy aile purham e all y: Rincreases
N 5 Z:@izd . ve * . ‘oure’ q jet, yr > 1,
—~ ) o v |7 | a |l ® | orys<—18&yp smal,

R L R Y U e
0:0‘7%*+ g.+j7 % 4{7 + A * Roicpct > Rpueg

e Ry, ._1increases
08%06 [an1 Y5 00%e! [“hoos | s00m8| ® at Iarge yZ%

0.6

E)
<0.002-| <0.006

R_t1<y<1 = Rysc—1
Conclusion (JADE agrees):

Increase in R with y% is due to appearance of gluon jet

ISMD p.9
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Fits of simplified 7-model - 3 preliminary

¢ track-event plane: < 27°, < 45°, all, > 27°, > 45°

Conclusion
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. . . \ , . .
" oy, track ¢: <2}A'DE45 L all, >2‘4 . >45 " aly,
Ayl Ayl
M M Y
1ol ol [Fl<ys<d * ol e Tl<ys<t +
t* - ‘h
- o] s AP
" 4 o
Z

Ik

+*

k% %

r

#

%56

V2 .
2009 | <0.023 |"%8%23 a1t 1,
202

A

,
%
e

2
3023 | >0.056
S

f

2-jet, all yr selections
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2
"®.002

.
¥

<0.008

{
i

. .
track ¢: <27°, <45
Durham

%61

°08%06 |ant 42,

L L
11, >27°, >45°

7

2
$b.006 | >0.018
|

and 3-jet, yg > 1:
no significant differences between Rj, plane, Rout of plane
3-jet, =1 <yg <1oryg < —1: Ry plane > Rout of plane
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LCMS and the Simplified =-model

Consider 2 frames:

1. LCMS: Q®= Q2+ Q. + @2 — (AE)?
= 02 + Qs2lde + qut (1 _ 52) 3 _ P1E1+onut
2. LCMS-rest: 02 QZ + QSlde + qout ) qout qut (1 - 62)

Qout 1S Quue boOSted () along out direction to rest frame of pair

In simplified 7-model, replace R?Q? by
1. A2 RZ 02 + s1de Qﬂde + pgut qut
2. Bz RZ Qz + s1de CDs1dc + r02utq§ut

Then in r-model for case 1:

_ 2 A2
RZ(CDL Qﬁlde out) = |:1 + Acos <tan < 5 ) A ) exp ( A ):|
. (1 +e. QL+ 6side(Dside + 6oulcyout)

and comparable expression for case 2, Ro( Qr, Qside, Qout)
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3-d Fits RL — L3 preliminary

11 I L I

all yz | all ¢ Durham LCMS

Durham LCMS-rest
JADE LCMS r
JADE LCMS—rest

N t |
MBS

Eiﬂ §1% |4 qf ;

cenOm

- —

Ho e

Yo 0.009 0023  |¥m [
<0009 | <0023 | —0.023 |all 3, |-0056 | >0.023 | >0.056
Y2 0.002 0006 |¥z [

o <0.002 | <0.008 | —0.006(all y3, |—0.018 >0.006| >0.018

e Durham, JADE agree
¢ systematic difference LCMS, LCMS-rest
e R constant with y»3
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3-d Fits Rside — L3 preliminary

1.0 L I L I L

Durham LCMS
Durham LCMS-rest

IhE ﬂ@ ,
0.8 EIE é# %

< cﬁ ?t
-

al‘l @ all‘ Yg

em

side / HL

vz + 0.009 0023 |¥k [
<0.009 | <0.023 | —0.023 |all ¥}, |-0.056 | 30023 | >0.056
y 0.002 0006  |y2

0.4 2<30v‘002 <O,‘006 —Q.OOG all y"n —O,Q18 a>(‘),006 >Q.018
e LCMS, LCMS-rest agree

e Durham, JADE agree

e R4 increases with y»3, approx. 0.5-0.9 A,

ISMD p. 13
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3-d Fits Pout — L3 preliminary

10 L L L L L 1\1 11\ L L
B Durham LCMS A B
e JADE LCMS r
0.9 +
0.8 +
=
S . —
~No74 + ¢ * L
= B e
3 [ | ] L
Q. * ®
0.6 +
057y, 0.009 0023  |yks [
1750009 | <0.023 | 0,023 |all ¥} |-0.056 | 30023 | >0.056 |
yh 0.002 0006 |¥3%
0.4 <0002 | <0.006 | —0006/all %2 |-0018 | >0.008] >0.018

e Durham, JADE agree
® pout CONstant with yog3

ISMD p. 14
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3-d Fits F'out — L3 preliminary

Il
O Durham LCMS-rest
© JADE LCMS-rest

al‘l @

139

A

EE %

1.1+

T ou

Y
<0.009

vz

<0.002

1.0

<0.023

<0.006

0.009
—0.023
0.002
—0.006

all ¥z,

all y3,

all‘ Yg

0.023
—0.056
0.008
-0.018

Yz
.0.023
Yo

>0.006|

e Durham, JADE roughly agree

* V3a: fou @PProx. constant with y»3, approx. 1.27 Ay
or y%: slightly increasing with y»3, approx. 1.15-1.35 R.
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3-d Fits Rside/rout — L3 preliminary

09 — all all
O Durham LCMS—rest ¢ Ye
O JADE LCMS-rest
0.7 ® L
; v | B
« m
s i
o
el
K5 d] i) 5
Tz 0.009 0023 |y
<0.009 | <0.023 | —0023 |all gl [-0056 | 50023 | >0.056
2 0.002 006 N
0.3 1.<0.002 | <0006 | —0006|all 3% [-0.018 | >0.006] >0.018

e Durham, JADE agree
* Rige < fou for all yo3

Rsige / Four SMallest for 2-jet

Not azimuthally symmetric; not even for narrow 2-jet !l!
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3-d Fits, yg dependence Rijge - L3 preliminary

In each yg interval, RL, pou = constant with yo3 (ot shown)

N o O A EE A A T
LI MM
*F#*f } %*WM
Ll it Sl i
Ak L

3 1 1
0.0¢ 0. Vzs Yes Yes
9 | <0.023 | —0.023 |all ¥ —0.056 | >0.023 | >0.058 0.4 <0009 | <0.023 | —0023 |all 245 —0.058 | >0.023 | >0.056

0.4+

Rsiqe increases, less for yi: > 1 than for other yg regions

ISMD p. 17
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3-d FitS, YE dependence F'out — L3 preliminary

B ally | JADE : B : Durhem| all ¢
n ally, " ally,

15 Yoyt L 154 7 w1
o iyl o i<y;<t

< . : s 2 eI
RN

Vi s v, o > =
09 0.008 0,023 | —00: 11 gy, —0.056 0.023) 0.056 0.9 0,00 0006 | —0.008lall 4, —-0Q18 (0.0086 Q018

fou iNdependent of yg for yg > 1
rout PErhaps increases slightly for yg < —1 and —1 < yg < 1
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e TADE | all g oo Durham| all ¢
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o iyl o iyt
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y;: 0.009 0023 |Vzs Uz 0.002 0006 Uz
03 1<0000 | <0023 | —0023 |all yi, |=0056 | >0.023 | >0.056 03] <0002 | <0006 | —0006lalt 4% |-0018 | >0.008] >0.018

ISMD p. 19

Results-1d

(e]e]

Results-3d

[e]
00000
ooe
[e]e]e}

3-d Fits, yg dependence Rige/fout — L3 preliminary

Conclusion
fole)
000

Rside < Fou < 1 for all yog
Ride/ four SMaller for y > 1 —‘pure q jet’
Riide/ four SMallest for 2-jet

Not azimuthally symmetric;
not even for narrow 2-jet !!!
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Choice of Longitudinal direction -3 preliminary

2-jet event: Long = thrust axis

g
3-jet event: Long = thrust axis, >_q

Of Piet 15 Piet 25 Piet2 — 0.50jet 35 Plet 3

Qf

No clear dependence of R or ryy 0N L (not shown)
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Choice of Longitudinal direction Rside — L3 preliminary

2-jet event: Long = thrust axis g»

3-j§t event: Logg = thrustﬁaxis,ﬁ q JADE: q

Or Pt 1, Piet 2, Piet2 — 0.9Pjet 3, Piet 3, . No clear depen-
PO L all y  JADE dence of Rgge ON L
: yYp<—1 L=j<,je3, #

UnS et oA it | except perhaps

05 &ﬁ Sw [3et, yp < —1:

] ff 7% m ﬁ | Rsiqe sSmaller for L=j2

] Rside(yE<_1 )

o ‘ ﬁ ;7 I % + . ~ side(yE>1)

] | % y *ﬁ # 3-jet, -1 < yg < 1:
054 #‘ ﬂ% % | Ry;qe smaller for L=j3

3-jet:

| Riae(—1<ye<1)

> Rside(yE<_1)
~ Mgide (yF > 1 )

Rside / RL

')
?3
0.3 1°<Q009 <0023

Durham is similar

0.009 , 0023 |vg
—0.023 all 23, | —00561"%0023 | >0056
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out-event plane |
1 0.056<y, 1550.009
e y.<1 .% 0 ye<1
o -1<y<l Y 0 -1<y.<1
. o y>1 r) [] ye>l
e 2-jet: for all yg, small . ¢ %
. . e . [
preference for out direction : %
to be in event plane s S
3
[

e 3-jet: for vy > 1, like 2-jet

e 3-jet: for yg < —1 and

1<y,
large preference for out

direction to be in event
plane

Il Il
06 08 1
@ (out-major)
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Summary

R increases with y»3 ~ 0.7-0.9fm

but not in ‘pure quark’ regions,

(ve > 1orys < —2, all y»3) and (yg < —1 for narrow 2-jet)
R(—-1<ys<1)>R@ly) >y >1)

for 3-jet events R is larger in the event plane

AL, pou ~ constant with yo3
AL ~ 0.9fm (LCMS) =~ 0.85fm (LCMS-rest)
pout/ BL ~ 0.65
Riqe increases with yo3 Rsiqe/RL ~ 0.5-0.9
increase is less for yg > 1
It PErhaps increases slightly fout/RAL ~ 1.2-1.3
Rsids/roul < 1 for all Y23
Rige / fowe SMaller for y > 1 —‘pure q jet’
Rige / fowe SMallest for 2-jet
Not azimuthally symmetric;
least symmetric for narrow 2-jet events-!!
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Summary

¢ 3-d dependence on Longitudinal axis
o 3-jet: R is perhaps smaller using
L=j2 for yg < —1 and L=j3 for —1 < yg < 1
Then Rgae(—1 < ye < 1) > Rsae(Ve < —1) = Rgae(ye > 1)
e 3-d: out direction is preferentially in the event plane
slight preference for 2-jet and for 3-jet, yr > 1
strong preference for —1 < yg < 1 and Ryge(ye < —1)

ISMD p. 24
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Qualitative Conclusions

e Rlarger in event plane for 3-jet events agrees with
rout > Ride and preference of out to lie in event plane.
e For 3-jet,
Ry and ry,, = 1.25R. are insensitive to choice of L.
Rsiqe does vary with L, increasing to 0.8-0.9R; for 3-jet
This may explain why 7-model works for 3-jet.
e Behavior of R and R, in different yg regions suggests
Rgluon > unark-
R and R4 are larger in gluon regions;
they increase as gluon energy (and hence number of
particles from gluon) increases.
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Qualitative Conclusions/Speculations

e Picture of ‘region of homogeneity’ seems to be:
¢ squashed ellipsoid
Iow Slightly larger than Ry
Rsi¢e considerably smaller
e in ‘pure’ quark jets (2-jet or 3-jet with yg > 1)
ellipsoid oriented approx. isotropically about thrust axis
e in other cases (3-jet with yx < 1 — gluon contribution)
I tends to be in event plane

e But why is Ryige # fout, I-€., NO azimuthal symmetry;
not even for narrow 2-jet events?

There is something fascinating about science.
One gets such wholesale returns of conjecture
out of such a trifling investment of fact.
— Mark Twain
ISMD p. 26
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Speculation

¢ CMS has observed the anti-correlation region as predicted
in the 7-model and observed by L3.
This suggests strings — like in e*e™.

¢ In pp, can the onset of hard jet production be seen in the
BEC radii?
like the third jeteTe™.

e Therefore, | suggest studying BEC as a function of p; of
highest p; particle.

ISMD p.27
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