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ee" & ep : Breit Frame

DIS event
e Use Breit frame to compare
% ¢ e multiplicity for ep to e*e-
LT . : o
5 CI_. . . Breit Frame definition:
- N 2xP+q=0
(D)
g - ) e “Brick wall frame” incoming
- - ) guark scatters off photon and
g € returns along same axis.
P
0 - eCurrent region of Breit Frame is
S B \ , analogous to e*e-.
T Q Q P,
&
@ current Target
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Measurement vs. Q in Breit Frame

eCurrent region Breit frame multlpllc;ltyb 27

vs. Q (hemisphere) shown along with
e*e” data (whole sphere divided by 2)

10

eConsistent with e*e- data for high Q?

ecp has gluon radiation whereas e*e"
does not— source of disagreement at
low Q? ??

e|ldea of current analysis: Understand
current and target multiplicity and
compare to e*e"

Mean charged multiplici
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Multiplicity: ep vs. e'er (1)

e* _., time ]

past

e

ec*e": boson with virtuality Vs
produces 2 quarks &
hadronization is between 2
colored objects q and q

ecp: In the hard collision
between the photon & quark
only 1 final quark is produced,
so the 2" quark on the diagram
Is the incoming one

ecurrent region of Breit frame
for ep similar to one
hemisphere of e*e-
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Multiplicity: ep vs. e'e” (2)

e
eep: Split into Current and Target Region —
e one string two segments.
Current Region eIn ep we have a color field between 2
A - colored objects the struck quark and the
> proton remnant
_~ rarget Region
P N 2
A oWhen_ we use Q as a spal_e we are
N P-remnant assuming the configuration is as
Target Region Current Region SymmetrIC as |t |S |n e+e_, but |t ISH’t

-l
|
2l
|

eThis asymmetric configuration leads to
migration of particles from the current
region to the target region

\

Breit Frame diagram

Q
44 i S
\Y4
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Gluon radiation, Q, and 2*E;, .

Soft Contribution Hard Contribution 9
g

€
- e+e-: whole sphere & g
ep: shaded region: current

region of Breit frame
eIn hard and soft processes gluon radiation occurs

QCD Compton

e [hese gluons can migrate to target region

eTotal energy in the current region of Breit frame and multiplicity are
decreased due to these migrations (Q? is not)

eEffect is more pronounced for low Q? : more low energy gluons

eMust use 2*Eg,; instead of Q for comparing with e*e- N <N

expected
2 . . .
No migrations: Epo = \/(2g With migrations: E ¢ /Qz
Breit \ o~
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<n.,> VS. 2*E

e Measurement of multiplicity
dependence on 2*E_ o
compared to previous ZEUS
measurement vs. Q, and to e*e-
and pp data (<n > is multiplied
by 2 for comparison)

e2*E gives better description of
multiplicity at lower energy

eCurrent region understood,
would also like to compare the
target region of ep to e*e- but...

<nch>
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Visible multiplicity in Breit frame

..comparing the target reglon

IS not possible: S 10

S

000

eBreit Frame: 90% of hadrons *
in current region visible in
detector, only 30% of target
region hadrons are visible

8000

6000

eCan’t easily measure target
hadrons, but these are a huge 000
portion of the produced hadrons
which we would still like to study .00

eNeed some other way to

iInvestigate these particles 06

Visible Part

-~ L

" Current Rg
. Breit Fram

gio

a)

All Hadrons
v

Proton remnant
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Hadronic center of mass frame

Hadronic center of mass energy isW  \\ = \/(q I P)z

N f - N

proton region photon region

E. /2 E. /2

cms

N

cms

vs W

photon region
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Visible multiplicity in HCM frame

Visible Part
" - [ S -
Cx 10
eHCM Frame: Photon region %OOO'_Photon Region
dominated by contribution from T HCMFrame %k , All Hadrons
target region of Breit frame - N
(~80% of visible hadrons) T N

ePhoton region HCM frame well Proton Region

contained in visible part of T HCM Frame
detector [

4000 [~

2000_—
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Multiplicity vs. W in HCM

eMeasurement of Multiplicity
in photon region of HCM
frame vs. W.

eBoth Lepto and Ariadne
describe the data: last bin
slightly above

e|_ike to compare current
region Breit frame and photon
region HCM frame to e*e-

eMust multiply <n_ > by 2
because both measurements
are for hemispheres and e*e-
Is total sphere

<nch>

12

10

| @ ZEUS (prel.) 96-97 Photon Region y*P ¢.m.s.

ZEUS

Ariadne Photon Region y¥*P c.m.s.

Lepto Photon Region y*P c.m.s.

100 120 140 160 180 200 220
W (GeV)
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Multiplicity in current region of Breit and
HCM frames compared to e+e- and pp

eMeasurements in current region of Breit
frame and photon region of HCM frame
multiplied by 2.

eThere is agreement with e*e" at low and
high energy and with the pp results which
are plotted vs. Vg2, (the scale with the
leading particles removed)

eothe HCM prediction has been extended to
lower energies where a measurement isn’t
possible (region is outside detector
acceptance) and it agrees with all the points
at low energy

*One can also measure <n_ > vs. the
invariant mass of the corresponding
hadronic system. Measure only what is
visible in detector & minimize effect of
acceptance correction
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Charged Hadrons & Effective Mass:
experimental method

eMeasure hadronic final state within

An for best acceptance in the central =5
tracking detector (CTD) R

eMeasure # charged tracks,
reconstruct number of charged
hadrons

= ||==

eMeasure invariant mass of the
system (Meff) in corresponding An :
region. T

IS |5

eEnergy is measured in the

Calorimeter (CAL) Mesz :(ge;Ei )2 _(ge; p)l( )2 _(ge; p;/ )2 _(ge; plZ )2

Study: <n_ > vs. M

1

CTD L CAL within the CTD acceptance
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Lab frame: <n > vs. M In X bins

ZEUS
ePlot shown previously at ICHEP %% ,,| zeus (pret) 199697 k
2004 S [ A 0006<x-00012 i
sl ¥ 00012 = x = 0.0024 B
eLab frame multiplicity vs. M, : g ootz <2< | :
shown in 4 x bins, with Ariadne | f% .
predictions. : A7 :
12_5:_ f.?.'_'- ]
e X range split into similar bins as
In previous multiplicity paper. 10 .
e weak x dependence in both data  -s[ o .
and Monte Carlo observed. ; & ARIADNE
. ST ———— 0006« x<00012 |
¢Q2 dependence? => next slide L serin s oee
25 [ ceee 0.0024 < x = 0.01 —
E 0.01 <% 0.1 i
ol ' )
10 10

Meff
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Lab frame: x and Q% bins

ZEUS e O (GEYE)
e Data described by ARIADNE ® ZEUS(prel o7 FE T E ;

—— ARIADNE for all bins 15 & 4 F -
o LEPTO slightly above data ~~  ARIADNEineachbin | 1t 1 150- 1200
-—-- LEPTOineachbin “f ER3 E
e No Q? dependence observed sp 1F E
o :| vud |||||:| C . ]
G b 1E o 7dF  A4dEF g -
w0k i 1t / 1 b / 1 50-150
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Summary

eFor the 1st time, the 5
measurement of mean charged *
multiplicity had been extended  *
to a higher energy scale than
previously measured in ep 20
collisions.

eMeasurement in current B
region of the Breit frame shows
similar dependence to e*e- if

2*E_ ..ont IS USed as the scale ]
eThe same dependence is
observed for the photon region

of the HCM frame vs. W.
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