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* Outline

* Open Charm: what we know / would like to know

* D0, D*+, D+ open charm measurement in d+Au
collisions

* Combination with single electron spectra in p+p
and d+Au collisions

* Charm cross sections

* Open charm pT spectrum and theoretical
comparisons

Manuel Calderdn de la Barca Sanchez 2



0

1 charm At high energies, gluon fusion
£ 09 dominates the production
Zos beauty .
: : cross-section = Heavy Flavor
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General: Heavy-flavor and quarkonia production 1s theoretically
not fully understood ... even in p+p collisions.
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i& Open Charm is hard...to measure

Data mostly from fixed target experiments at SPS and Fermilab, but also CDF
e energy range : 200-800 AGeV (Vs = 19 — 38 GeV), Vs=1.8 TeV
* p+A: linear nuclear A-dependence assumed G,, =0, A*, o = 1
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YExtrapolations to RHIC energies W

4 Different PDF sets or quark masses lead to different energy dependences
4 All the curves are normalized at low energies

=» the ‘predictions’ for higher energies have a certain spread :

@ changing PDF sets : range 400-800 Wb at RHIC energies

@ changing ¢ quark mass by £15% : range 300700 LLb
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* Open charm at RHIC

* Part of fundamental understanding of charm production in pp

* J/Y suppression, of course!
* Needed for normalization (can’t do Drell-Yan)
* Goal: Oy, /O - inpp, d+A, A+A (that's a long term program!)

cc

* More recent questions:

* Thermalization of charm quarks?

* Charm quarks interact with evolving QGP (light quarks, g) makes early
thermalization a possibility

* Production rate (J/Y recombination), pt spectra (flow? Thermal?),
azimuthal anisotropy (v,)

* Heavy quark energy loss

* Vacuum radiation is suppressed in the dead cone, Arnesto, Salgado,
x but maybe filled by medium induced radiation... Wiedemann,
hep-ph/0312106

* Maybe an observable D/m enhancement at pt 5-10 GeV
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* Heavy Flavor and the STAR Experiment ‘l’

CTB= =
I j TPC

STAR measuring charm 1n hadronic channels:
D?— K7 (B.R. 3.8%) and K 7 p (B.R. 6.2%)

D+ — Kn nt(B.R. 9.2%) all with TPC only
D** — D (B.R. 68%)
_ A, —pKmn(B.R.5%)
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* Heavy Flavor and the STAR Experiment ‘l’

CTB= =
I j TPC

STAR measuring charm 1n leptonic channels:

TPC (tracking — py)
b,c—>e+X > ToF (PID <3 GeV/c)
EMC (PID > 1 GeV/c)
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D0 in STAR: Analysis Methods

After Calibration, |[NSigma |<0.005 |

Event-Mixing Technique
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* Identify charged Kaon and Pion tracks |

K Pair before backgroun - -

through energy loss in TPC

» Produce oppositely charged K-t pair
invariant mass spectrum in same event

 Obtain background spectrum through
mixed event

* Subtract background and get D spectrum

d+Au: 15.7 M events
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i STAR

DO in d+Au Collisions
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» mass(PDG)=1.8645+0.005 GeV/c?
» mass(MC)=1.865 GeV/c?

* width=13.7£6.8 MeV

» width(MC)=14.5 MeV
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* D** Mesons in d+Au Collisions

0

D** — D% (B.R. 68%)
Decay Kinematics (Pythia)
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kaon pt from D44— decay

ratio of DO momentum to the soft pion from D#4— dec

“Golden channel” for open charm study

Standard method:
M(D**) — M(D0)=145.421 MeV

Width~1 MeV

Difficulty: the low efficiency of the
soft pion reconstruction

STAR full field:
tracks curl up for py < 100 MeV/c
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* D** Mesons in d+Au Collisions
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STAR

D* Mesons in d+Au Collisions

D*—Knan (B.R. 9.1%)

* 3-body decay = more background
* high-p; reach

b R D D D,

D* mass=1.864+0.0052 GeV/c?
D* mass(PDG)=1.869 GeV/c?

D+- in dAu full minbias Jy]<.25.7.4<pt<8.3.0 GeVyc
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* D Mesons, putting it all together

0

d+Au minbias collisions @ 200GeV
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i STAR

D*/D0
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e'e” PYTHIA STAR HERA CDF

* CDF: hep-ex/0307080

« HERA: www-hl.de/hl/www/
publications/conf list.html

« ¢'e”: hep-ph/0312054

» Statistical model: Andronic et al.
nucl-th/0209035

Good agreement with other experiments:

D*/DY = D*/D° = 0.40 + 0.09 (stat) + 0.13 (sys)

Manuel Calderdn de la Barca Sanchez 15



i& D-Meson Spectra in d+Au

0

1

STAR preliminary — Min. bias d+Au @ 200 GeV

—— power-law fit
dN/dy= 0.0297 +0.0041
(p7) =1.323 £ 0.086 GeV/c
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* Charm Quark Hadronization at RHIC ‘l’

Phenix: PRL 88, 192303(2002)
4 D. Kharzeev,hep-ph/0310358
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=
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d+Au @ 200 GeV
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NLO pQCD predictions by R. Vogt,
5 Int. J. Mod. Phys. E12 (2003) 211
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Open charm spectra is hard: NLO c-quark spectrum = D spectrum
* data favor a fragmentation function peaked at z~1.
* observed in fixed target exp. at lower energies

* solved by intrinsic k; model to counter-balance effect of c-quark hadronization

» doesn’t work at RHIC because spectrum is too broad
* Note: Choice of PDF can change yield at high p, by factor of 3...
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* Combining with Electron Analysis

0

d+ Au—se+X
® TOF+dEdx O dEdx only

— Bkgd Sum

10-1_ p + p % e + X -
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— Bkegd Sum |-

¥ conversion ¥ conversion
109 -=- 7 Dalitz decayl|- -- 7 Dalitz decay
....... 1 Dalitz d'ECEI}' I SR || Dalitz dem}'

-
<
&
|

STAR Pr Iiminary"'—.,.,‘:'-.“

(d°N)/(2np,dp,dy) (GeV/c)*

107 \S=200GeV . ™. > | \Su=200GeV
] | | 1 | "‘-u ke | | 1 | 1 | 1 [ ey |
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O ,f T
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An increasing excess found at higher pT region, p > 1.0 GeV/e,
—>as expected to be contribution of semi-leptonic decay from heavy
flavor hadrons
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* Inclusive Electron Spectra in p+p and d+Au
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s#= Background Subtracted Spectra in p+p & d+Au ll,
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Semantics: “background subtracted” in STAR = “non-photonic” in PHENIX
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¢ _Nuclear Effects (Cronin) ? ¥

min bias: 0, =0, A” 250
Nuclear Modification Factor: g
d*N,. /dp,dn : }[ o
Ry (Pr)= ;A Pr 1.5 }{. o }} : * I
Tin,d" 0y, ldp,diy STIR SRR J
M S S, S Jf _____ LT ] .
where: -
Tine = ( Ny O 05t
dAu binary PP :
T R ST ST S
p; (GeVic)

* Within the errors consistent with binary scaling ...

» NOTE: R,,, for a given p; comes from heavy
- quarks from a wide p;range
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i STAR

(d°N)/(2np,dp,dy) (GeV/c)”
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\[S,,=200GeV
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—  Combining fit for
" DO and electrons

7

=== d+Au c—e fit [x5]
p+p c—e fit

»Good agreement between
DY and electrons spectra!
»d+Au and p+p do not
show significant nuclear
effect

1 2 4

PYTHIA: MSEL =1, CTEQ5M1

5
p; (GeV/c)
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i& Charm Cross-Section and PYTHIA

v

o [ T T,
Measured D combined with = SR e :
107 © =
measured eleCtron 20'8 : PHENIX single e in AuAu E
spectra [ 5 SPSIFNAL
—=>better 10 3
cC - .
NN % E
O-CE = 14 + OZ(Stat) + O4(SyS) mb E (Ns)" fit ---- n=18+07 ;
10 —  PYTHIA with flavor excitation
C - PYTHIA w/o flavor excitation ]
| L1l |
10° 10°
* The more we learn about heavy flavor in PYTHIA the less \'s (GeV)
* we believe to learn something from it.
* Vary parameters (K, k;, processes, PDF, m, etc.) within reasonable
limits
* = ¢ changes up to factor 2
— * = do/dpy at high p; up to a factor of 10 -
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* Cross Section Comparisons ||

0

*x NLO Calculations are
better suited

* ...but, extrapolation has

large uncertainties, >50%

(R. Vogt)

* lower energy data differ by

factors of 10 or more
* Choice of PDF
* Choice of m,

* Measurements at
RHIC might be in
better agreement
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— O UA2

?‘é”m?""""ﬁ'.f_ﬁ'.'j.'j.’."""'

o (\NS)" (n21.940.2)
----- PYTHIA I
..... PYTHIA Tl

—— NLO calculation

10°
Collision Enerav \|§ (GeV)

R. Vogt hep-ph/0203151
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* Among RHIC experiments...

p )
tﬂ:‘o EI | TT | T TTT | TTTT | T T 1T | TT 1T | T TTT | T T TT TTT IE 5._ * STAR [i' +ein dAu
Il 1 2 a
%104 I PHENIX PRELIMINARY . ] Zbﬁ 10°— o PHENIX single e in AuAu -
s li_; Oce = 709 ub £ [89]), £ [g1)sys 3 i S
Eq* L N N A SPS/FNAL p beam ? e
il g e
210 = L E i o
w . | E - 3 - :
10 = | = )
- - : B e (NS
10° L = = i P NS)" (n=1.9+0.2)
- . AT 0 PYTHIA I
wE 1 1' = o~ <F PYTHIA II
103MllIII|IIII||III|IIII|IIII|III|IIII|IIII_ __,"- ‘."' — LOCﬂlculﬂﬁDn
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5 . i . |
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1
Collision Energy \'s (GeV)
* Both experiments are consistentwith o - =1 mb
ccC
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0

Y& The work has just begun...

* Direct open Charm DO, D* and D+ were measured in
d+Au collisions

* Single electron measurements agree with direct D
measurements well.

* The D p; spectral shape is about the same as the bare-
quark distribution from the NLO calculation

#* Very peaked fragmentation function?

* Cross section (glass half empty/half full):
* PHENIX e in p+p : 6~700 ub
* STAR Dind+Au: 6~1.3 mb
* Actually, only 1.66 away... (not factors of >10)
* Maybe RHIC can become a better reference...
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1B

Hadron identification:
STAR Collaboration, nucl-ex/0309012

Electron identification:

TOFr [1/B-1] < 0.03

TPC dE/dx electron ID p<1.5

STAR
Time of Flight
2 I %
C il 500 ¢ T = F . ..
- o S a00f E F N STAR Preliminary
1.8 .‘:‘rf Lo ° 1.2<p;<1.4 GeV/c _5:2 6
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16— ' \, ] v = -
L ' E K p 51—
; 100
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)l PN ‘.I 0°- - : K =
14| ! CON, 05 0 05 1_ 15 -
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1.2 A% © ¢
- 3
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i i 21 ey T -
08l (¥ 015 1 1,5 2
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0-65 05 1 15 2 25 3 35 61— § 10
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5 - T 1 e
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dE/dx (KeV/em)
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Electron Background
( A
Y conversion
Single 70, n Dalitz decays
Electrons | | Kaon decays
Spectra p ® @ vector meson decays ,

\

heavy quark semi-leptonic decay

others

» background

} signal

v conversion and nt% Dalitz decays are the dominant sources at low pt region.

For the ¥ conversion and 7t° Dalitz decay, background

spectra are obtained from data using kinematical

selection of the pairs in TPC
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j"( Charm p; Spectrum

= STAR Preliminary D'/D°=0.35+0.10:0.13 0.9 E
N D*/D°=0.62::0.20+0.16 0.80 Open symbol =
- = | D*/DO .
. power.aw i >t | Solid symbol , E
= dn/dy= 0.0277 + 0.0037 "g 0.6 = D*/DO 2 =
E <p;>=1.34 1 0.08 GeVic ‘5 0_5:_ ry 3
- =95+1.5 = = ]
- " 2 0.4 L 9 =
= Q C »n! -
- 0.3 4 —
= power-law fit - 3
F @ STAR d+Au D' (from Kn) 0.2 i 7
T @ STAR d+Au D’ (from Krp) - Stat. Model ]
'§_ O  STAR d+Au D'(scaled to D) 0.1 .. -
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Charm pT spectrum can be fit well by the power-law function

Charm meson ratios consistent with models and previous measurements
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j"( Charm p; Spectrum

Scaled to STAR measured cross section
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NLO order calculation was done by R. Vogt and FONLL code
(fixed order NLO and resummations of next-to-leading logs)

was obtained from M. Cacciaria and P. Nason, hep-ph0306212
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