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Charm Factory HERA
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Heavy Quark fragmentation

Production Fragmentation Decays

Parton
Shower

HQ fragmentation is hard
harder for larger mg

e.g., for Peterson param.:

ewng%agwoae

pQCD is applicable to “initial” Q-fragmentation: LO, NLO, LL, NLL, ...

anyhow, some parameterisation is needed for the non-perturbative (NP) rest

+
the NP parameterisation is strongly dependent from the perturbative core e (k)

and it is expected to be universal for the same perturbative core
test of universality of the NP parameterisation
is a test of generality of the particular pQCD calculation W2

Is the pQCD calculation with its universal NP fragmentation
applic. to QQ production at different scales and colour states ? praton (P)

1
.f(z) X 2(1—1/z—e€/(1—2))?

(c)

o (<P
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Measurement of charm fragmentation function (D*i)

In eTe™ annihilations, D** energy is related to /s/2

In ep collisions, find jet containing D** and relate
the D** energy to the energy of this jet

130 < W < 280 GeV, Q? < 1GeV?, Pp(D**) > 2GeV, |n(D**)| < 1.5

hadrons

Fragmentation process

~outgoing parton

D** belongs to a jet (kr) with EX* > 9GeV and |n°t| < 2.4 Hard seatter
ZEUS
>500 T T T T T T T T T T D — D'zt — (K~ «nt) ot
E e ZEUS (120 pb™) ] s s
%400 [ —— Fit: Gaussian+A(AM-m )® ] £int = 120 pb_l
_5 Ly - Backgr. wrong charge ]
= I
5300 [ * * 1  |N(D**) =1307 £+ 53
@]
S I
200 | 1 =z = (E+p)” /(E+p)) = (E+p))" /2 B

measured in range 0.16 < z < 1

100 beauty contribution subtracted

correcting to 0 < z < 1 gives

8.141 | 0.145 0.15 0.155 0.16I | IOI.165 < z >=0.565 :I: 0.024 :I: 0.028
AM=M(KTtT)-M(KT) (GeV) .
at scale < Ej > X2 = 23.6GeV
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QCD scaling violation in charm fragmentation

Collaboration | Scale (GeV) | Measured variable | (z) 4 stat. 4 syst.

ALEPH 91.2
Belle 10.6
CLEO 10.5
ZEUS 23.6

(EP” /EPea™)  10.4878 4+ 0.0046 + 0.0061
(pP” /p™ax) 0.61217 £ 0.00036 + 0.00143
(pP” /pmax) 0.611 4 0.007 &+ 0.004

((E + p)P" /2Bty | 0.565 + 0.024 + 0.028

ZEUS

expected QCD scaling violation

larger scale =—> larger contrib.

of QCD high-order processes

pQCD calculation, if it is general,
takes care about the differences
keeping NP fragmentation universal

(%)) i ; )
= asf ® ZEUS(120 pb™) :2<E';>=23.6 GeV,z=(E+p))° 126"
5 °7F O ALEPH :Vs=91.2 GeV,z=E” /E™"
g A CLEO : Vs=10.5 GeV,z=p> /p™®
5 3 o Belle: Vs=10.6 GeV,z=p" /p™™
)]
<
25F +
2F § i §¢§
fF '
15F )
§§ b
3 -
1= o %Q } + %a
-] 4 o
05F ‘¢ 1
f . 3! %
[ A
a
O [ L §é§?° I L L L I L L L I L L L I L L Lo
0 0.2 0.4 0.6 0.8 1
z
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Charm fragmentation with leading-log. Monte Carlo

ZEUS ZEUS

N 3[T | N 3[T |
% e ZEUS (120 pb™) % e ZEUS (120 pbY)
E®] PYTHIA(Symm. Lund + Bowler,rQ=1) E®] PYTHIA(e=0.062)
Q ----- PYTHIA(Symm. Lund + Bowler,r.=0.5) Q ----- PYTHIA(e=0.1)
— Q —
---------- PYTHIA(Symm. Lund) e PYTHIA(€=0.01)
2F - 2 —
= l S { B
¥ '..'..'..'.t'..'..'.. i '_"_"_"_i';"_"_'; ¥ { A i
1 | ----1- ----------- — 1 | LR —
I 1 % ] iFlts 0.062+0.007 550 : f
=.-..-..-.1.-..-..-..- Bowler ....... + ....... : Peterson ---------
0 I 1 I 1 I 1 I 1 0 I 1 I 1 I 1 I 1
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
Z Z
—bm? 1
_— a A1
f(z) o 1—|—rQbm2 (1 — 2)%exp(——+) f(z) 2(1—1/2—¢/(1=2))2

rg = 1 (default) is preferable e = 0.062 £ 0.007 97003 (ZEUS, ~p)
0.04970:012 /0.0611 005 (HL, DIS, scale~ 10 GeV)

e = 0.05 (PYTHIA default)
Nason, Oleari = € = 0.053 (LL fit to ARGUS data)
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Charm fragmentation with fixed order NLO
ZEUS ZEUS

N 3 | ! | ! | ! | N 3 | ! | ! | ! |
% ® ZEUS (120 pb L % * ZEUS (120 pb L
o | == FMNR><Ch ad (Peterson £=0. 079+g gcl)g) o | == FMNR><Ch d(Kartvellshvm 0=2.67. ggi)
:b| ----- FMNR><Chad (Peterson €=0.035) :b| ----- FMNRxchad(Kartvellshvm a=1.2)
---------- FMNRxc::dT(Peterson €=0.2) FMNRXCEZJ(KartveIishvili 0=4.0)
Peterson .
o I 1 I 1 I 1 I 1 o I 1 I 1 I 1 I 1
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
V4 V4
0.010 0.17
e = 0.079 4= 0.0087)00s (ZEUS) o = 2.67£0.18705 (zEUS, vp)
0.06870:012/0.0341 0004 (bad x2?) (H1) 3.3 £0.4/3.8 + 0.3 (H1, DIS)

e = 0.035 (NLO fit to ARGUS data) <= Nason, Oleari

0.079 # 0.035 — fixed-order NLO does not provide general perturbative core

factorisable from universal fragmentation
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Excited D mesons, 20th century

Spectroscopy of D mesons

~

+L:1 ) HQET predicts 2 doublets of

excited D mesons (Qq) with L =1
doublet with j = L + s = 3/2,

D-wave decays = narrow states
doublet with j = L + s = 1/2,
S-wave decays —> wide states

s - spin of the light quark
S—wave Radially excited (L = 0) D mesons

P or D—wave

are also expected

Narrow states are know since ~1990 (TPS, ARGUS, CLEO)

In 1999, CLEO reported wide D}’ — D**w~ (4-c.c.) in B decays

In 1998, DELPHI reported radially excited D*'(2640)* — D**xtq-
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Excited D mesons, 21st century

1) 2nd doublet of charm-strange mesons, D,(2317) and D,(2460), was observed
by BaBar and CLEO

very narrow due to probably isospin violating decays

2) CLEO observation of wide DTO stayed unpublished

Recently, Focus and Belle published their observations of wide D-mesons

large uncertainties in parameters and yields % j: DEL PHI
3) DELPHI observation of radially excited D* E
was not confirmed by OPAL and CLEO (prel.) * 50
open question a0 + $ H I * $ <

4) parameters of narrow excited D mesons : ,/

&l 07 a/

are being actively re-established : M‘“ ’ %
e.g., I'(D3?) updated significantly in PDG2006

M (D mn (GeV/c )

5) Fragmentation fractions, f(c — DY), f(c — D3%), f(c — D7) and others,

are purely known

contribute 20 — 30% of D/D* production
set by default to zero (!) in Lund MC generators

hot topic for hadron spectroscopy and for technick of perturbative QCD tests
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D**, DT and D° reconstruction
95-00 data (126 pb—!) full Q* range (DIS and PhP together)

Dt - D'nf - (K- n")nf DY - D°nf - (K- nrwntn)nw}

> 16000 T 1 T T I > 10000 T I I I I
2 14000 1 e ZEUS (126 pb™} 7 2 i e ZEUS (126 pb™) |
g - - backgr. wrong charge g g 8000 — L backgr. wrong charge —
— H —
= 12000 D% _ (Km ] 5 i D* - (Kmmim, .
Q. EN o
g 10000 - N(D™) = 39500 + 310 @ 6000 |- N(D*) = 17300 * 210
S B k) i
-§ 8000 i -§
= ‘= 4000
9 6000 o
s E
O 4000 — O
L o 2000 [ — Gauss™ + backgr.
2000 — — Gauss™ + backgr. | |
oL L L 1 0 |
0.14 0.15 0.16 0.14 0.15 0.16
M(Kmrg) - M(Km) (GeV) M(Kntg) - M(Kmtmty (GeV)
DT - K wmtw" D" - K- =t
% 30000 T T ‘ T T T T ‘ T T T T ‘ T T % T‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T (\) T
= = 14000 :+. “untagged” D n
o 25000 ™ B 1
3 » 12000 - not from D*T -
o Q B ]
g 20000 |- e ZEUS (126 pb™) g 10000 - E
= B Reflections subtracted = - -
S 15000 mod . @ 8000 [ R
= — Gauss' + backgr. = - ZEUS (126 pb™) .
i . ] 6000 — ¢ —
g 10000 --- background fit | g B Reflection subtracted ]
© L N(D*) = 20430 + 510 O 4000 - — Gauss™ + backgr.  —
- --- background fit R
5000 |- n 2000 0,70 —
I ] - N(D°/D°) = 22110 + 440 -
0 R T \ 0 Clov v v b b b
1.8 1.9 2 1.7 1.8 1.9 2 2.1
M(Kmtr) (GeV) M(Km) (GeV)
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Combinations per 4 MeV

500 [ T T T T T T ‘ T T T T ‘ T T ‘ T T ‘ T 17 ]
450 I~ | ® ZEUS (126 pbYy |
400 — L Backgr. wrong charge |
350 H | | B
300 | o B
250 - .ﬂ‘w R
200 - il * -
150 - N(DY/DY) = 3110 + 340 T
100 | o s
s N(D3"/D;") = 870 + 170
0 i T ‘ I R ‘ I I ‘ I R ‘ I I ‘ I R ‘ I I ‘ I N
2.1 2.2 2.3 24 2.5 2.6 2.7 2.8 2.9
£ — ext O
M(D T[a) =AM + M(D )F,DG (GeV)
r T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T 17 ]
700 ? | — simultaneous fit
600 ? { | H --- background fit

500

400

300

200

100

M (D**x) and M (D*x) distributions

wide-state contributions

N(D3/D5") = 690 + 160

2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
M(D*T) = AM™ + M(D") o (GEV)

AM®™ = M(Knnsm,) — M(Knms) or
AM®™ = M(Krnrnngm,)—M(Knnnm,)

Clear access in the range
2.4 < M(D*"m,) < 2.5GeV

no access in wrong-charge distr.

wide D;(2430)° is not distinguishable

AM™ = M(Knnn,)—M (Knw)
small access around 2460 MeV

no access in wrong-charge distr.

feed-downs from DY, D3° — D*tx—
with D**— D% 7% /4 under background

wide D((2400)" and feed-down from
D;(2430)" are not distinguishable
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Combinations per 4 MeV

N
o

N
o

140

120

100

80

60

40

20

o
o
T

(o)}
o

e ZEUS (126 pbY) —+

|cos a|<0.25

[ ‘ [ [ ‘ [ [ [
— simultaneous fit
--- background fit

\\‘AAL__,L\<\\\\\\\\\\\\\\\\\

0.5<|cos a]<0.75 | I

0.75<|cos al<1

2.2 2.4 2.6 2.8
M(D* 1) = AM™ + M(D™) . (GEV)

2.4 2.6

M (D**x) in 4 helicity intervals

helicity angle a - between
. and T, In D** rest frame

AN _ ~1+h-cos?a, h?

1 dcosa

1 HQET predicts:

S h= 3 for D' (1*,L +s=3/2)
Ml h = —1 for DI° (2%,L 4 s = 3/2)
h= 0 for D} (1*,L+s=1/2)

(wide state)

:<:

— DY contributions increases with | cos a|

1 dominates bump for | cosa| > 0.75

. D;‘O behaviour is not so obvious

does not contradict to slow decrease

make simultaneous x? fit of these

four and M (D*7~) histograms
(D(D:%) = 43 MeV and k(D) = —1)
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D(l), D;O fit results

Masses: PDG 2006/8
M (DY}) = 2420.5+2.1(stat.)£0.9(syst.) 2422.3+1.3MeV  good
M (D;%) = 2469.1 & 3.7(stat.) "2 (syst.) 2461.1+1.6 MeV fair

Width:

(DY) = 53.2 4 7.1(stat.) "3 (syst.) 20.4+1.7MeV above
Helicity parameter:

h(D?) = 5.975(stat.)T1 5 (syst.) 3 (HQET) consistent
Yields:

N(DY — D*'77) = 3110 £ 340 —> Fpo_ prsp—/prt = 10.4 £ 1.2755%
N(D;® — D**7~) = 870£170 = F pso_,petp—/pr+ = 3.0 £0.6 £0.2 %
7.3+ 1.7798 %

N(D;’ — D*x~) =690+ 160 = F ps0_,p+n—/p+

D§0—>D+7r—

convert these fractions to f(c — DY), f(c — D3") and B

D;0—>D*+7r—
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D?, D;O fragm. fractions and D;O branching ratios

using f(c — D*T) and f(c — D7) measured by ZEUS previously:

B *0 —
BD2 =Dt 5 g4 0.8(stat.)f8j2(syst-) 2.3 + 0.6 (PDG 2006/8)

D>2kO—>D*+7T_

from isospin conservation:

BD?_)D*+7T_ — 2/3

BD§0—>D*+7T_ -+ BDSO—>D+7T_ — 2/3
using isospin conservation and our f(c — D**) and f(c — D7):
f(c — DY) = 3.5 £ 0.4(stat.) Ty s(syst.) %
f(c — D:% = 3.8+ 0.7(stat.) T2 (syst.) %

| e ZEUS (126 pb™)
1000 — ) a . 7
events with a D™ candidate

| — Gauss™ + backgr.
L --- background fit

800 — N(KQ) =8540 + 120 -

Combinations per 1 MeV

What about charm-strange excited D mesons ? o

combine D** with reconstructed Kg St — o

combine D' with an additional charged particle I
assumed to be K* (soft dE/dx cleaning applied) =0

Il ‘
0.55

PR ) [ O N
0.475 0.5 0.525

M(TI'TY) (GeV)
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Combinations per 4 MeV

M (D*TK?) and M (D K™) (4c.c.) distributions

80 Ei I I I I I I ‘ I I I ‘ I I I ‘ I I I ‘ I _\1 I ‘ I I I \é
- \ e ZEUS (126 pb™) -
70 — . . —
- — simultaneous fit ]
60 — --- background fit E
0 F N(DZ,) = 100 + 13 E
0 - E
20 [3
0 :L | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | E
2.5 252 254 256 258 2.6 262 264
S t O+ 0
M(DK2) = AM®® + M(D™")ppq + M(K")pps (GEV)
180 - ‘ I I I ‘ I I I ‘ I I I ‘ I I I ‘ I I I ‘ I I I ‘ I I I ‘ \:
160 £ N(DZ,) = 136 + 27 E
140 — —
120 bl Hl , .
C i +T ] * u
100 — + L
80 —
60 [ —
40 — —
20 - —
O C ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ \:
236  2.38 2.4 242 244 246 248 25

M(D’K,) = AM*™" + M(D°) ¢ (GEV)

AM™* = M(Knrsnin,)— M(Knms)
—M (i)
AM™ = M(Knrnrnrsnin, )—M(Krnrms)
—M(mim)

Clear D,;(2536)* signal

AM™ = M(KrK,)—M(Kr)

clear feed-down from D, —D** K+
(with D* — D0, D)

shifted on 142.4 4= 0.2 MeV (MC)

can be described by
modified Gaussian (MC studies)

(no D, (2573)" — DK™ signal was observed)
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M (D*:l:Kg) in 4 helicity intervals

25

15

10

Combinations per 4 MeV

® ZEUS (126 pb™)

|cos a]<0.25

\—'—Q—'—\\\\‘\\\\‘\\\\‘\\\\‘\\

I I I I I I I I I ‘ I I I I
— simultaneous fit
-+ background fit

0.25<|cos a]<0.5

15

10

H\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\J—H\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\J—
\ \.;
\ \
\
\

++*

n
&

2.6

M(D"KQ) = AM™ + M(D™)ppg + M(K%) o (GEV)

helicity angle a - between
7s and K? in D** rest frame

dN
dcos o

HQET predicts:

h= 3 for D-wave 1T
h= 0 for S-wave 1T
h=—-1 for 1—, 2T

x1+h-cos’a, h?

<

D7, contributions decreases

with | cos a| that suggests h < 0

make combined likelihood fit of
M (D*"K?) @ cosaand M(D°K™)
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M(D*TKY) @ cosa and M(DYK™) fit results

N(Dj)pr+ko =100 £13 = Fpi_ puigo/per = 1.35 £ 0.18 £0.03 %
N(Dsl)D*0K+ — 136:':27 — "F.D+—>D*OK+/D — 1.28:':0.26:':0.07%

untag

M (DY) = 2535.57 04 (stat.) £ 0.10(syst.) MeV M (D/))ppc = 2535.35 £ 0.34 MeV

h(D}) = —0.741) %3 (stat.) T 0 (syst.) CLEO (D —D*K+): h = —0.2313%9
Belle prel. : h = —0.70 & 0.03

does not contradict to h = —1 (17, 27) <= excluded by no decay to DT K"
inconsistent with h = 3, i.e. D-wave 17

hardly consistent with h = 0, i.e. S-wave 17

mixture of D- and S-waves, i.e. interf. with D}, (2460) ?

“Charm fragmentation and excited D mesons at ZEUS” Leonid Gladilin 17



COS @

Mixing of D- and S-waves for D;I_l and D?

TPt = T®sinw + e TP cosw r =Ig/(Is +Tp) = sin*w

N xr+(1—-7r)-(1+3cos?a)/2+ /2r(1 —7)cos ¢(1 — 3 cos? )

dcos o

1 [ | | | | | | 19 10 | | | 7
- \/ ///// g A D9 mixing ]
B N 7 e / BN — ZEUS (126 pb?Y)
05 L ///' // §\ 7/ * stat. N
i i * stat.[Isyst. ]
0 D5y mixing . \\\ BELLE -
- — ZEUS (126 pb™) \ i
- v/ +stat, N \\ i
05 + stat.0syst. R / \ |
.\ CLEO ] \ ]
- ¢ BELLE ] ]
-1 | | | | 7] L T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
/(Mg p) MJ/(Mg*lp)
3—h)/(3+h)—
cos ¢ = B=h/Bth)-r D? - can be almost pure D-wave
24/ 2r(1—7)
ZEUS measurement favours
D;_l - sizeable mixing negative cos ¢ and large mixing
Can mixing depend from environment ?
larger S-wave admixture —> larger width
“Charm fragmentation and excited D mesons at ZEUS” Leonid Gladilin 18



D:l fragm. fraction and ratio of branching ratios

using f(c — D*T) and f(c — D') measured by ZEUS previously gives:

BD;—>D*0K+

B

= 2.3 £ 0.6(stat.) £ 0.3(syst.) 1.274+0.21 (PDG)

+ * 0
DS —D +K

assuming D;’l decay width is saturated by D* K final states, i.e.:

f(c — DY) = 1.11 £ 0.16(stat.) 7505 (syst.) %

f(c — DY) [%]| f(c — D3°) (%] f(c— Djy) [%]
ZEUS | 3.54+04 s | 3.84+0.7702 | 1.11£0.1677;
OPAL 2.1 +0.8 5.2 + 2.6 1.6 +£0.44+0.3

ALEPH 0.94 £0.22 £ 0.07

fragm. fractions for excited D mesons in ep and eTe~ consistent

strangeness suppression for ID; mesons:

Di = f(e — D)/ f(c — D? = 0.31 & 0.06(stat.) ¥ o1 (syst.)
agrees well with v measured by ZEUS (and others) previously

“Charm fragmentation and excited D mesons at ZEUS” Leonid Gladilin 19



350

Combinations per 5 MeV

200

150

100

50

Search for radially excited D*’ +  D*Txt7~ meson

\
e ZEUS (126 pb™)

| —— background fit

- fitinterpolation

MC signal normalised
1] g

to upper limit

225

200

175

\‘\—L&J—‘—,—‘—\\\‘\\\\‘\\\\
J—e—
_\:\|_._
_._\

[ R R RN syt
\ |

2.59
\ \

2.64

2.69
\ \

2.6

2.8

M(D™ T%T) = AM™ + M(D™), 5 (GEV)

AM™* = M(Knnynin, )—M(Knms) or
AM™* = M(Knrnnnsrwn, )—M(Knnnmg)

no DELPHI’s or other signals
N(D*iﬂ+77_)2.59_2.69 — 104 £+ 83

correcting and using our f(c — D*T):

f(C — D*,+).BD*/+_>D*+7T+7T_ < 0.4%
(95% C.L.)

stronger than the 0.9% OPAL limit

R p+r+— D+ ntm— ) DY, DEO— D+~
DELPHI, Z° — bb, cc 494+184+10%
OPAL, Z° — bb, cc 5+1040.2%
<22% (95% C.L.)
ZEUS, ep — ceX 4.5+3.670% %
<12% (95% C.L.)
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Summary

measurement of charm fragmentation function (D*¥) :

clear signature of QCD scaling violation for < z > in ete™ and ep data

PYTHIA with Bowler and Peterson fragmentation functions
provide good description; € = 0.062 & 0.0071) 00,

Peterson parameter for FMNR NLO (0.079 4 0.008 5 052) is larger
than that (0.035) obtained by Nason and Oleari from fit to ARGUS data

Kartvelishvili fragmentation function provides best data description

study of excited D mesons :

sizeable and consistent amounts of excited D mesons in eTe~ and ep data
strangeness suppression for D; mesons, 21 = 0.31 &+ 0.0675:00,

agrees well with 'yf measured by ZEUS (and others) previously

significant contrib. of both D- and S-wave amplit. to D:l — D*+Kg decay
['(DY) is larger than in prev. measurements (larger S-wave admixture ?)

the strongest world limit: f(c — D*") - Bput — prtptr— < 0.4% (95% C.L.)
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Combinations per 0.5 MeV

Combinations per 0.5 MeV

D*¥ reconstruction (similar to paper on @g search)

16000

14000

12000

10000

8000

6000

4000

2000

10000

8000

6000

4000

2000

e ZEUS (126 pb™)

- backgr. wrong charge
D* (K,
N(D™) = 39500 + 310

— Gauss™ + backgr.

0.16
M(Kmrg) - M(Km) (GeV)

. zéus (126 pb™) ]
—L backgr. wrong charge
D* . (Krrnyg 1
N(D®)=17300 + 210

mod

— Gauss " + backgr.

0.15 0.16
M(Knnmt - M(Kntrtry (GeV)

95-00 data (126 pb—1)

two D* decay channels:

D*t — D7}t — (K~ =nt) «w/

D*t - D'#nf - (K- wntowt o) w/
pr(D*) > 1.35 GeV for (Km)m,

pr(D*) > 2.8 GeV for (Knnm)m,
In(D*)| < 1.6 for both channels

dE/dx : lx =Prob(K) > 3%

l. =Prob(w) > 1%

In the yellow bands after
after wrong-charge subtraction:

N (D**) ~ 56800

(multiple counting excluded)

Only D** candidates from the bands
were used for excited D meson studies
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D* and DY reconstruction (similar to paper on FF)

30000

25000

20000

15000

10000

Combinations per 5 MeV

5000

14000

12000

10000

8000

6000

Combinations per 5 MeV

4000

2000

e ZEUS (126 pb™)  —
Reflections subtracted |

— Gauss™™

--- background fit

N(D*) = 20430 + 510 -

+ backgr. |

M(KTtr) (GeV)

\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\.+—\

e ZEUS (126 pb™)
Reflection subtracted
mod

— Gauss " + backgr.
--- background fit

N(D%/D°) = 22110 + 440

=
N

1.9 2 2.1

M(KT) (GeV)

95-00 data (126 pb—1)
pr(D*, D% /ES>1" > 0.25
dE/dx : lg > 3%, I, > 1%
DT — K~ «nt nt (4c.c.)
pr(D*) > 2.8GeV, |n(D%)| < 1.6
1.850 < M(Knm) < 1.890 GeV
in the band: N (D%) ~ 20400
D’ — K~ wt (4c.c.)
pr(D°%) > 2.8GeV, |n(D%]| < 1.6
only D%s w/o Ajs tag (not from D*¥)

reflection due to inv. mass assign. subtr.

1.845 < M(Km) < 1.885 GeV
in the band: N (D) ~ 22100

Only D* and D° candidates from the bands
were used for excited D meson studies
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D(l), D;O fit procedure

Simultaneous x? fit of M (D*n,) and M (D**m,) in 4 helicity intervals

15 free parameters

3 signals: relativistic D-wave Breit-Wigner function convoluted with
Gaussian resolution function with width fixed to MC predictions
Ores = 5.6 MeV and 7.2 MeV for M (D**x,) and M (D*r,), respectively

acceptance and resolution dependences from M (D**x,) or M (D*x,) and
acceptance dependence from helicity angle (compatible with no dependence)
were obtained from MC and corrected for in the fit function <= small effect

to stabilise fit: I'(D3") = 43 MeV and R(D}") = —1

2 backgrounds: x®exp(—bx + 6332), where £ = AM®™t — m,__

feed-downs from DY, D}°—D**n~ to M (D" x,) were added to the fit function
with relative yields taken from MC (7%) <= small effect

wide D;(2430)° and D;(2400)° states were added with the world average parameters

D;(2430)° yield was set to that of the narrow D;(2420)°

D;(2400)° yield was set to 1.7 of the D3° — D~ yield as observed by FOCUS
this rate, 1.7, is a sum of true D}(2400)° and a feed-down from D, (2430)°

less than one o effect on N (DY) and R(DY)

x2/NDF = 913/925 = 0.98
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Events

Relativistic Breit-Wigner with variable width

TTTTTTTTT TTTTTTTTT TTTTTTTTT TTTTTT [7p] TTTTTTTTT TTTTTTTTT TTTTTTTTT TTTTTT
120 M, = 2400 MeV, [o=30 Mev | & 201 M, = 2400 MeV, I, = 300 MeV |
100 — Non-relativistic Breit-Wigner 100 — Non-relativistic Breit-Wigner
i — Relativistic Breit-Wigner | i — Relativistic Breit-Wigner 1
80 with fixed width - 80 with fixed width -
I — Relativistic Breit-Wigner | I — Relativistic Breit-Wigner |
L with variable width, 4 L with variable width, 4
60 — L=2 (D-wave) - 60 — L=0 (S-wave) .
40 - 40 - —
20 — 20 — —
O \\\\\\\\\‘\\\\ N O A v N | Oiﬂ_‘_L\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\

2.1 2.2 . . . . . 2.8 2.9 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

M (GeV) M (GeV)
AN M T'(M)
aM = (M?2—Mg)2+MgT2(M)
M,
F(M) =TI~ WO ‘ (1%)2L+1 ) Flz;(pa pO)

2 _ 94+3(por)®+(por)* | _ 1
FL(p, Do) = 913 (pr) 2t (pr)d r = 1.6 GeV~! for charm

hadrons

P Gauss(ores)
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D?, D’zI<O fractions

corrected ratios (factors ~ 2) extrap. to full phase space (~ 1.1 and ~ 1.2)
F p0—prtn—/pe+ = 10.4 = 1.2(stat.) 93 (syst.) % 11.6 £ 1.3(stat.) T2 (syst.) %
F pgo_prn-/pe+ = 3.0 = 0.6(stat.) & 0.2(syst.) % 3.3 £ 0.6(stat.) &= 0.2(syst.) %
F pi0—.ptn-/p+ = 7.3 £ L.7(stat. 92 (syst.) % 8.6 £ 2.0(stat.) T[4 (syst.) %

in full phase space:

extr _ f(C—>DO)
F D0 prtn=/Dr+ = Flo = D) " BDy—Dra

:F»extr _ f(C - DSO) B
Di0—D*tx—/D*t f(c — D*h) " PDI0 Dt

extr . f(C — D*O)
f'D;O_,D+ﬂ-—/D+ - f(C N D2+) . BD;0_>D+7T_

re-writing 1st and solving 2 last equations:

xtr

Fe N *k T E3
fle — DY) = Z =20 (e s DY)
DY—D*t+r—

extr

+ extr +
f(c R D;O) _ FD;0—>D*+7F_/D*+']C(C — D* )_|_ D;0—>D+7r—/D+'f(C — D )

BD8—>D*+7T—+BD8—>D+7T—
Fextr
BD;0_>D+7T_ D;0_>D+7r—/D+'f(C ’ D+)
- extr
BD§O—>D*+71-_ J D§O—>D*+n—/D*+'f(C — D*")
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D fractlons

corrected ratios (factors ~ 2) extrap. to full phase space (~ 1.2 and ~ 1.5)
F pt—p+Kko/p++ = 1.35 £ 0.18(stat.) £ 0.03(syst.) % 1.67 4 0.22(stat.) £ 0.07(syst.) %
Fpt peogc+/po = 1.28 £ 0.26(stat.) £ 0.07(syst.) % 1.93 4 0.40(stat.) Ty 1a(syst.) %

in full phase space:

_|_
]:extr — f(c_>D81) - B
Dj,—D**K°/D** = f(c — D*T) D} —D*+ K0
_I_
]:extr . (C — D B,
+ : 0K+
Dy _’D*0K+/Duntag f(C — Duntag) D ,—D*K
solving system of 2 equations:
extr *—+ extr
D:1_>D*+K0/D*+'f(c — D )"‘ D} —D*0K+/D0 f(c - Duntag)
f(C - Dsl - B +B
D} —D*+K0" =~ DY D* 0K+
extr
D$—>D*0K+ ‘7:'Dj1—>D"‘0K'|'/D?l (C - Duntag)
- xtr *—+
BDjl—>D*+K0 D;Fl_>D*+K0/D*+'f(C — D*7)
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