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Introduction

Reconstruct the charm mesons DO, D** DT
DE, and the AX baryons in deep inelastic ep-

S !

scattering at HERA with the ZEUS detector.

Obtain the charm fragmention ratios and frac-

tions: Charm production via BGF

ratio of neutral and charged D meson production rates: R, /5 = cu/cd;
s-quark suppression factor: ~vs = 2¢s/(ed + cu);

fraction of D mesons produced in a vector state: Py =V/(PS+ V);
fractions of c-quarks hadronising in a charm hadron:

f(c— D,N\¢) = N(D)/N(c)

Are the charm fragmentation characteristics universal?

Comparison with ZEUS ~p for consistency, and with ep, ete experi-
ments.
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Event selection and Procedure

ZEUS data 1998-2000 (98-00: £ =81.74 pb~1, 99-00: £ = 65.06 pb~1)

Tracks from primary verteX; |Zyertex| < 50 cm;

scattered electron energy Eé > 10 GeV;

ye < 0.95: y ;5 > 0.02;
40 < (E — pz) < 65 GeV;
1.5 < Q2 < 1000 GeV?

2. E’QSIHQ(Q/) —_ (E pZ)hadron
(X-method to reconstruct Q<: Qz — T 1-yy " YE T T ED) i );
pr(D,N\¢) > 3 GeV;,
n(D,Ae)| < 1.6;
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Event selection and Procedure

e Kinematic region:

— 1.5 < Q2 < 1000 GeV?
— 0.02 <y <O0.7

— pp(D,N\¢) > 3 GeV

— Im(D,A\)| < 1.6

Signal extraction: the mass distributions were fitted with a “modified”

gaussian function,

1
od - Nevents exp(—0.5x1+m),

Gauss™
o

where x = |(M — Mp)/o|, to describe the signal shape plus a background
function.

MC sample: RAPGAP 2.08/18
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Remarks on DY and D** signals

To avoid correlations, the DY and D** signals are splitted in:

e DY not coming from D* (D%(untag))
e DO from D* (D%(tag)), ~ D* with DO in kinematic range

e " Additional” D*, together with D9(tag) gives the D* with D* in kine-
matic range
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DY — Kr signal

e Event has at least 2 tracks;

e pr(K,m) > 0.8 GeV

e |COSO*(K)| < 0.85, where 6*(K) =
angle(K in D rest frame, D in LAB);

e 374 track combined with DY

° pT(ﬂ's) > 0.2 GeV,
pr(ms) > 0.25 GeV (for a period of
smaller efficiency);
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e reflections are subtracted, e 0.143 < AM < 0.148 GeV:
ZEUS ZEUS
> L I A T T T ] > L B L SO A A SR
210000 |- e ZEUS (prel.) 98-00 2 450 ® ZEUS (prel) 98-00
2 7”,, —— Gauss™ + Backgr. | S — Gauss™ + Backgr. |
3 - % 400 [ -
5 - 5 -
S 8000 [* = 8 3s0f 1.5<Q?<1000 GeV?
= - ° C 0.02<y<0.7
£ £ 300 L 0 ]
8 I 8 ' p.(D%)>3 GeV ]
6000 - i In(D%)|<1.6
i 250 | -
- N©9(D% = 1907 + 77
- 200 | -
4000 - o -
’ y 150 | 44 } ]
1.5<Q%<1000 GeV?,0.02<y<0.7 1 a t ++
I D%>3 GeV, [n(D%|<1.6 100 | 4 B
2000 pr(D") , In(@)] _ 7 }
i NU"29(D0% = 9910 + 940 50 [ E
0 I Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il 0 E Il ‘ Il ‘ Il ‘ Il ‘ \. “‘\"\"?.
1.6 1.7 1.8 1.9 2 2.1 2.2 1.6 1.7 1.8 1.9 2 2.1 2.2
M(KT) (GeV) M(KT) (GeV)
D°(untag) DO(tag)
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" Additional” D** — DO, — Knmg signal

Event has at least 3 tracks;

~ZEUS

0.165

> T T T T T
pr(K,m) > 0.4 GeV 2 7 * ZEUS (prel.) 98-00
pr(ms) > 0.2 GeV g 1201 | — Gauss™ +Backgr.
pT(T"S) > 0.25 GeV (for a period of % I / [ 1 Backgr. wrong-charge |
smaller efficiency); £ 100 - ' 1.5<Q%<1000 GeV?, 0.02<y<0.7
’ £ " ”
. - p-(D 7)>3 GeV,|n(D 7)|<1.6
0.143 < AM < 0.148 GeV; S sl ® 0
1.8 < M(K) < 1.92 GeV; | S
pr(Km) <3 GeV or 60 |- N*(D™) = 312 + 28
n(Kw)| > 1.6 ,
40 +
20 B
0 7\ [ R B Co I N
0.14 0.145 0.15 0.155 0.16
M(Kmtrg) - M(K™) (GeV)
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DT — Krn signal

Event has at least 3 tracks;

pr(K) > 0.7 GeV;

pp(w) > 0.5 GeV;

cosf*(K) > —0.75, where 67(K) =
angle(K in D rest frame, D in LAB);
suppress background from D**

no combinations with

M(Knrs) — M(K7) < 0.150 GeV;
suppress background from DE

no pair K*" KT" with

1.011456 < M(KK) < 1.027456
GeV

10000

8000

Combinations/10 MeV

6000
4000 |-

2000 -

e ZEUS (prel.) 99-00

—— Gauss™ + Backagr.

1.5<Q?<1000 GeV?, 0.02<y<0.7
p.(D%)>3 GeV, [n(D%)|<1.6

N(D") = 3530 + 360

o1.7 1.75 18 185 19 1.95

2

205 2.1
M(KTtT) (GeV)
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D — ¢m — KK signal

e Event has at least 3 tracks; ZEUS
o pr(K) > 0.7 GeV; g 0| . ZEUS (prel) 800
e pr(mw) > 0.5 GeV; % | — Gauss™ + Backgr. |
e 1.011456 < M(KK) < 1.027456 £ 600* +
GeV; é 500 |-
e cosf*(w) < 0.85, where 6*(x) = S
angle(w in D rest frame, D in LAB); 400 17
o |COsO**(K)|® > 0.1, where ¢*(K) = .|
angle(K,w) in ¢ rest frame 1.5<Q%<1000 GeV?, 0.02<y<0.7
200 |- p(D,)>3 GeV, [n(D,*)|<1.6
100 I N(D*) = 680 + 79
N(D%) = 220 + 73
7 175 18 185 19 195 2 205 21
M(KKT) (GeV)
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AL — Kpr signal

e Event has at least 3 tracks; ZEUS
> T rTT rrr T T T
e pr(K) > 0.75 GeV; 2 ool i
° pT(T(') > 0.5 GeV,; E +++++++++ 7 ¢
. .g ¢ ¢
e pr(p) > 1.3 GeV; g 3000 - AT
. 5 AT
o pr(p) > pr(m), E oo | !
e COSO*(K) > —0.9, © i e ZEUS (prel.) 99-00
® COSH*(p) > —0.25, where 0*(K,p) = 2000 - —— Gauss™" + Backgr. s
angle(K,p in A rest frame, A in LAB); 0 I |
15 — 2 2 |
o [p*(r)| > 90 MeV in A rest frame 1.5<<3 <1000 GeV. ;0.02<y<0.7
p(D7)>3 GeV, |n(D7)|<1.6
1000 |- -
N(A2) = 630 250
500 |- .
o b e e e
215 22 225 23 235 24 245

M(Kpm) (GeV)
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Equivalent phase space treatment

e To subtract D* contributions to D cross sections:
o(D* with DY in kin. range) = ¢'9(D°)/Bp._, o

e D™ Ccross section:
o(D* with D* in kin. range) = ¢'9(D°)/Bp._, po_ + o4 (D*)

e Direct D1 and DO cross section:

O.dir(DO) — O.unta,g(DO) _ O.tag(DO)/BD*_)DOW

o(D*9) = ¢(D*1) is assumed in %" (D)
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Charm fragmentation ratios - R, /4

e ratio of neutral and charged D meson production rates

O.untag(DO)
Ru/d o(D¥)+otag(DO)
R,q = 146+0.17%037 (ZEUS prel)
ZEUS (prel.) DIS | —+—@—+ 146%0.17 038
- ZEUS (prel.)yp @
- H1DIS +—
- ALEPH HOH
| OPAL ——0O |
- DELPHI .
| ; |
0 1 2
Ru/d

(Large systematic error from D°(untag) signal extraction procedure, this has consequences in other

measurements)
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Charm fragmentation ratios - ~;

e Strangeness suppression factor

— 20 (DY)

Vs J(D:I:)_|_0untag(DO)_|_0tag(D0)_|_20add(D*:|:)
0.039

vs = 0.26540.035730°°  (ZEUS prel.)

ZEUS (prel.) DIS —+@— 0265+ 0.035 *:039

— ZEUS (prel.) yp 1—C—P

- ZEUS 96+97yp +—@—

- H1 DIS : u |
- e'e comb. O

0 0.2 0.4
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Charm fragmentation ratios - Py

e fraction of D mesons produced in a vector state (charged+neutral)

Qo'tag(DO)/BD*_>DO7T+20'add(D*:|:)
O-(D:I:)_|_O-untag(DO)_I_O-tag(DO)_I_Qaadd(D*:I:)

T

=
[

0.490 +0.0321 /2 (ZEUS prel.)

e fraction of D mesons produced in a vector state (charged)

a'%9(D%) /B, poto%U(D*F)

pPd =
|4 o(DT)+otag( DO gadd( D*+)
022
Pé = 0.590+0.03717)97%  (ZEUS prel.)

Py #= 0.75, naive spin counting does not work for charm.
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Charm fragmentation ratios - Py

ZEUS (prel.) DIS P @+
- ZEUS (prel.) DISPJ  H®H
- ZEUS (prel.)yp P, @;
- ZEUS (prel.) yp PY o

+0.071

0.490 + 0.032 *3'519
+0.022
0.590 + 0.037 "5 0%

- HLDIS P, =
- H1DIS PY . HEH
ALEPH Pg KA
- OPAL P, HCH
| DELPHI P, O
R T T I |
0 0.25 0.5 0.75 1

CHARMED HADRONS PRODUCTION IN DIS R. WALSH

16



DIS 2005, MADISON, WISCONSIN, USA, APR 27 - MAY 1, 2005

Charm fragmentation fractions - f(¢c — DY)

iy . o(DF)HoD**F)x(1-Bpe_ 10.)

fle—= D7) = 2 4110gs =

flc — D¥) = 0.19440.0207)0%  (ZEUS prel.)
ZEUS (prel.) DIS +@—+ 0.194 +0.020 *0 022
- ZEUS (prel.) yp 1@
- H1 DIS !
- e'e comb. HOH
- I L X I L
0 0.1 0.2 0.3 0.4

f(c - D")

o 2 1045 IS the cross section of all charm ground states
e D!* and X. cross sections are counted in o(Ds) and o(A.).

e Rates for =. and Q9 are estimated to be 14% of A..
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Charm fragmentation fractions - f(c — DO9)

f(c . DO) . Ountag(DO)—I-Omg(Do)—I—O'add(D*i)*(1—|—BD*_>D07T)
o 2 4110gs
f(e - DO = 0.58440.0391792%  (ZEUS prel.)

- ZEUS (prel.)yp  +@H

ZEUS (prel.) DIS ——@—} 0.584+0.039 7002

- H1 DIS ——
- e'e comb. O
s ! \ \ ! X \ \
0.4 0.6 0.8
f(c - D°)
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Charm fragmentation fractions - f(c — DY)

+y _—  o(DF)
flc—D5) = > i0gs
f(c — DF) = 0.103+0.0137)52  (ZEUS prel.)
ZEUS (prel)DIS ~ 4@F  0103:0013'9%
- ZEUS (prel.) yp )
- H1 DIS ——
- e'e comb. HOH
- | | | \ | X | \
-0.2 0) 0.2 0.4
[
f(c - Dy)
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Charm fragmentation fractions - f(c — AY)

1%
f(c - Aél:) - gEz,llag)s
fle = AE) = 0.104+0.0487J915 (ZEUS prel.)

- ZEUS (prel) DIS -@—+ 0104200480015
- ZEUS (prel.)yp  HO+
- e’e’ comb. FOA

\ R | ‘

02 0 02 04
f(c - AD)
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Charm fragmentation fractions - f(c — D*T)

Utag(DO)/BD*_)DOF‘FO'add(D*i)

£y
fle—=D™) = 2 4110gs
flc — D*¥) = 0.190+0.01413%3  (ZEUS prel.)
ZEUS (prel.) DIS @+ 0.190 + 0.014 9053
- ZEUS (prel.) yp @
- H1DIS —
- e'e comb. 0]
T R T T S - T R R R R
0 0.1 0.2 0.3 0.4
f(c -D™)
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e Charm fragmentation ratios and fractions were measured with the
ZEUS detector in DIS, in the kinematic region
— 1.5 < Q2 < 1000 GeV?

— 0.02<y<0.7
— In(D,N\¢)| < 1.6

e Results are in agreement with previous measurements (within errors).

e Measured ratios and fractions are consistent universality.
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