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Introduction




Heavy-quark production

* Heavy quark production is, by definition, *hard” probes due to their large masses
* Produced in the early stage of the collision
 Leading-order process is gluon fusion
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Heavy-quark production

* Heavy quark production is, by definition, *hard” probes due to their large masses
* Produced in the early stage of the collision
 Leading-order process is gluon fusion
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 ptp collisions @

» Test pQCD, provide baseline measurements

* d+Au collisions =
Nco// ‘ 1 d+Au > Cu+Cu
» Study cold nuclear matter effects ® “— » AutAu )
* Heavy-ion collisions 9N, = 151 N,,; ~ 1000

| .

* Probe effects of hot and dense medium




d+Au collisions

PHENIX backward rapidity PHENIX forward rapidity
*Au-going side ©—> *d-going side

parton of x; ind parton of x inAu L2 = e
SNN

* d+Au collisions as a control experiment
* In heavy-ion collisions, both HNM & CNM effects are included
* Another baseline to interpret and understand the heavy-ion results
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* d+Au collisions as a control experiment
* In heavy-ion collisions, both HNM & CNM effects are included
* Another baseline to interpret and understand the heavy-ion results

 Cold Nuclear Matter (CNM) effects shadowing

* Modification of parton distribution function
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* pt (kT) broadening (Cronin effect)

pT broadening

* Nuclear break-up (absorption)
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Heavy-flavor in PHENIX

central arm
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South muon arm North muon arm

PHENIX backward rapidity
*Au-going side ©->
*x2=8x 102 (anti-shadowing)

PHENIX forward rapidity
*d-going side
* X2=5%10"3 (shadowing)




Heavy-flavor in PHENIX muon arm

- Kinematic range flavor (the signal) & HENIX a?nztectm S Hman
- 1.2<Inl<2.2 | @&y@ { Il
. A(t) — E B ﬂ ::_,..-""’
BB - BLLRSHN NS
 Absorber to reject hadrons = Mi?DC_Nimh
* Muon tracker for momentum mesurement j :
*3 stations inside magnet ProbpegERon
* Muon identifier for hadron/muon separation
*5 gaps (layers) of absorber/multi-wire Side View North

chamber




Heavy-flavor in PHENIX muon arm

Muon from heavy
. . - PHENIX Detector o garin
* Kinematic range flavor (the signal) v 5 1
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 Absorber to reject hadrons . z D
* Muon tracker for momentum mesurement - !
*3 stations inside magnet At
* Muon identifier for hadron/muon separation
*5 gaps (layers) of absorber/multi-wire Side View North L

chamber

- Main background sources
Decay muons from light hadrons (77, K) and punch-through hadrons

* Background estimation
* Hadron cocktail method - full MC simulation of light hadrons (77, K, p)
* Muons from J/Y are estimated based on the PHENIX |/ results

Nprompt = Ninclusive = Ndecay = Npunch-through g Nj/psi



Review of heavy-quark results

* In central Aut+Au collisions
- Large suppression of high pt heavy-flavor electron AN
AB

- Significant v2 R —
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Review of heavy-quark results

* In central Aut+Au collisions
- Large suppression of high pt heavy-flavor electron

 Significant v»

 |n d+Au collisions

Clear enhancement in central d+Au collisions at mid-rapidity
=>suppression at mid-rapidity is due to HNM effects
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Review of heavy-quark results

* |In central Cu+Cu collisions
- Small suppression at mid-rapidity > CNM & HNM are competing

* Whereas, large suppression at forward rapidity
—pQCD predictions including CNM effects shows good agreements both at mid- and forward

Theoretical prediction:
R. Sharma, I.Vitey, B.-W. Zhang
Phys. Rev. C 80, 054902(2009)
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* |n central Cu+Cu collisions

- Small suppression at mid-rapidity > CNM & HNM are competing

Review of heavy-quark results

* Whereas, large suppression at forward rapidity

—pQCD predictions including CNM effects shows good agreements both at mid- and forward

large CNM effects at forward?

Theoretical prediction:
R. Sharma, I.Vitey, B.-W. Zhang

Phys. Rev. C 80, 054902(2009)
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HF muon pr spectra
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* Invariant yield of heavy-flavor muon in d+Au collisions at sqrt(snn)=200 GeV

* lines are scaled fit functions of the p+p results by the average number of binary collision
corresponding centrality class
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* No modification at both rapidity ranges in most peripheral collisions

- Enhancement at backward rapidity and suppression at forward
rapidity in most central collisions

» Anti-shadowing (shadowing) at backward (forward)?
AN 5Au

R.x =
. <Ncoll>dN2§Lp
...




Comparison to models
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« pQCD calculation (l.Vitev)

« CNM effects including shadowing, pt broadening, and energy loss

* Good agreement with the data at forward rapidity




Comparison to models

3

E PYTHIA + EPS09s LO, D>y @ HF u, -2.0<y <-1.4
-~ -PYTHIA + EPS09s LO, D—>u ® HF w, 1.4<y<2.0
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« pQCD calculation (l.Vitev)

« CNM effects including shadowing, pt broadening, and energy loss
* Good agreement with the data at forward rapidity

» prediction based on EPS09s (spatial dependent) nPDF set
» Calculate modification depending on x and Q? of D— i from PYTHIA
* Well describe the data at forward rapidity
* Whereas, underestimate the enhancement seen in backward rapidity



Comparison to models

< 3
D'.'-U —— PYTHIA + EPS09s LO, D—»u ® HF u,-2.0<y<-1.4
2 5[ ---PYTHIA + EPS09s LO, D~y ® HFw, 1.4<y <20
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« pQCD calculation (l.Vitev)
* CNM effects including shadowing, pt broadening, and energy loss Predictions from
* Good agreement with the data at forward rapidity both models can
» prediction based on EPS09s (spatial dependent) nPDF set reproduce the

. Calculate modification depending on x and Q2 of D—pi from PYTHIA forward datai!
* Well describe the data at forward rapidity
* Whereas, underestimate the enhancement seen in backward rapidity



Comparison to models

< 3
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» Additional intrinsic kt(l.5 GeV/c) + EPS09s nPDF

* Reproduce the backward data pretty well, but overshoot the forward data
=> hard to find the good combination, consistent with the data




Comparison to models
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 Final state interaction? n

 Additional pt kick due to multiple scattering with dense co-moving particles at backward rapidity



HF u vs. J/Y
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J/P : Phys. Rev. C 87, 034904 (2013)

* In the most peripheral collision
- all Rga ~ |




HF u vs. J/Y
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* In the most peripheral collision
- all Rga ~ |

* In the most central collision
- R4a of HF muon and |/ are still consistent
- However, large difference at backward rapidity
- Charm production is enhanced but J/\p seems to be significantly absorbed due to
nuclear breakup inside dense co-movers at backward rapidity




* Heavy-flavor muon production in d+Au collisions
- suppression at forward rapidity
- enhancement at backward rapidity
- indicate important role of nuclear break-up in J/y production
* pQCD calculation well reproduce the forward data

» EPSO09s nPDF prediction underestimate the difference between forward and
backward rapidity

 QOutlook

* D/B can be separated with VT X/FVTX (Run-14 Au+Au, Run-15 p+Au)
* Comparison with the ALICE forward data would be interesting




Back up



Heavy-quark production




Heavy-quark production

oY ([[aradestaten @i cf*&(ab - cd>|0h/c

p+p collisions parton distribution fucntion partonic cross section fragmentation
(pQCD) function




Heavy-quark production

de dy

<2

p+p collisions

d+A collisions

A+A collisions

dxqdxy fo (il?a, Q2)fb(xb7 Q2

o(ab — cd)Dy, /.

parton distribution fucntion partonic cross section fragmentation

initial-state modification

initial-state modification

(pQCD) function

final-state modification




HF muon R4a(<Ncoii>)

% . ¢ e+, lyl <0.35 (Phys. Rev. Lett. 109, 242301) ]
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HF pvs. )/ i

< B < B
o 25 1.0 <p_[GeV/c] <3.0 o 250 Phys. Rev. C77, 024912 (2008)
B - o B
s Global sys. =+ 10.1% g - I, -2.2<y<-1.2
B B ¢ | J/y, -0.35<y<0.35
B - J, 1.2<y<2.2
1.5 ? E 1.5 - v <
S % ----------- G e I*i ------ L i
B - B
N — 0 - l Ih ¢
0.5_— ¢ HFe', lyl<0.35 (PRL 109,242301) 0.5 l
. e HFu,-20<y<-14 B
-~ =m HFyu, 14<y<20 -
e v v b b b e v b P 1y I S BRI AR S S SR SR SR SRR
00 2 4 6 8 10 12 14 16 18 00 2 4 6 8 10 12 14 16 18
<NCO"> <NCO">
Phys. Rev. C 77, 024912 (2008)

* Rya as a function of <Nco>

* Raa of J/W are suppressed at all rapidity ranges
< only Rqga at forward rapidity are suppressed in case of HF muon

*caveat : )/ integrated over the entire pt range

* J/W suppression at forward probably is related to the suppression of charm production
* Large nuclear break-up is implied at mid- and backward rapidity



Comparison of Raa(pT) With HF e at y=0
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Comparison to EPS09s calculations
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