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PHENIX

x=5 x 1073 x=3x102 e In1<0.35 x=8 x 102
Ad=2 x m/2 H

1.2<Inl<2.2
Ad=2m

Au
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Open Heavy Flavor in d+Au

PRL 112, 252301 (2014)

I:‘dA

1.5

o
o

¢ e |y| <0.35 (Phys. Rev. Lett. 109, 242301)
o U,-20<y<-14
m uW,14<y<20

Global sys. =+10.1 %
(a) 1.0 < o [GeV/c] <3.0™

LJ

;

&= PYTHIA + EPS09s LO, D>u
- PYTHIA + EPS09s LO, D->u

O

"2

4

6

8

10 12 14 16 18

<NcoII>

NOTE: ] /1 decay contribution subtracted

s up—
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Leptonic Decays of
HF Hadrons

u-20<y<-14
=5oailil

anti-shadowing region

e, lyl<0.5
x=3 102

shadowing/anti-shadowing transition

uld<y<20
x=8 x 102

shadowing region



Open Heavy Flavor in d+Au

Peripheral Collisions

PRL 112, 252301 (2014)

<
D:-c 2 4 e, |y| <0.35 (Phys. Rev. Lett. 109, 242301) ~ Raa=1
o W,-20<y<-1.4 i All rapidities!
- m W,14<y<20 é B
1.5 ]
- :
0.5 Global sys.=%10.1 % = |
- (@1.0<p [GeViel <3.0 Solian )
oo e e by RTINS IR I NI W
0O 2 4 6 8 10 1214 16 18
<NcoII>
NOTE: ] /1 decay contribution subtracted
e
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Open Heavy Flavor in d+Au

Peripheral Collisions

PRL 112, 252301 (2014)

< oL _|
o [ ¢ ©1y1<035(Phys. Rev. Lett. 109, 242301) i Raa =1
- @ W,20<y<-14 i All rapidities!
- m W,14<y<20 B
1.5 B ]
- - A 3 Central Collisions
1 - &— — N
- f ----- = - i Ra4a < 1: Forward-y
} : consistent with nPDF
0.5 Global sys. =+10.1 % — modification
- (@1.0<p, [GeV/c} < 3.0 T Cymiia s Epsoss Lo, by -
T NS RN R NN SR SR ANN NS S S coa b by .
0 2 4 6 8 10 12 14 16 18 Raa >1: Mid/Backward-y
<Nco||> enhancement beyond nPDF
modification

NOTE: ] /1 decay contribution subtracted

B
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What about the J/P?

“Note different decay kinematics for single charm quark vs fully reconstructed cc state

PRL 112, 252301 (2014) + PRL 111, 202301 (2013)

o HF n 0-20% centrality
(% |HF u, 1.4<y<20
Bl Jy,1.2<y<22

Forward Rapidity

* SIMILAR behavior

* Short time traversing nuclei

* low co-mover density

Same mechanism responsible
for suppression

e
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What about the J/P?

“Note different decay kinematics for single charm quark vs fully reconstructed cc state

PRL 112, 252301 (2014) + PRL 111, 202301 (2013)

< 3 < 0 « 3
b - -
© | HF p 0-20% centrality o | 0 -20% c(:’entra:jllty e 0-20% centrality
25 T [" HF &, 14<y<20 i r , midrapidity 25 [ ]HF ', 20<y<-14
, / B8 Jiv, 1.2 <y <22 ’ J v, midrapidity ) t|[:|H I8 Jiv, 2.2 <y <-1.2
T §
L]
1.5 J/q) ILI 1.5 lhﬂ
"""""""""""" l"‘ . lr".ll
l 0.5
saaa da s s e e bes el ool aaadasaalossalaaaaliy | I\ | 1 | 1
00 R S S S S R S S Ry T e
P, [GeV/c] p, (GeV/c)

Forward Rapidity Backward & Mid Rapidity
+ SIMILAR behavior  DIFFERENT behavior
* Short time traversing nuclei * enhancement in OHF suppression in J/{

* low co-mover density

Same mechanism responsible Evidence for cc breakup effects!
for suppression

L
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J/WP Nuclear Break-up

0-20% centrali
W y<20 [« ]HF ', -20<y<-14
I Jiy,1.2<y<22 - B Jiy, 22<y<-1.2
2 3 ;
i
15 ;|'H il °+
P l‘ﬁé ; lﬂ
Y

SR e
e B e
p_ s
@ PHENIX\Js, =200 GeV
—~ 16 B HERAB 920 Gev
e s °
£ 14- | S NASo4n0cev
S n ‘ © NAS3 200 GeV
2 12- ®  NAG0 158 GeV
8 o
8- 0
6 *
2 ++ *
0
-y 10'2 10'1 +y
T (fm/c)
PRC 87, 054910 (2013)
B
PH ENIX
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Extract break-up cross section
from shadowing corrected data.

observe T scaling for backward
rapidity at RHIC

breaks down at forward

rapidity

Further indication of different
mechanisms at forward/
backward rapidity



What about different systems?

PRC 90, 034903 (2014)

] I L ] | l ] ] ) ' ] | |

(a)

0.5+ Gilobal error: +9.9%

: ‘RdAu,O-ZO% Np.n=J504
: . .RCUCU,40-60% Npart=21-2

|

K
L l 1 L 1 l L | | l L 1 L

0

~——
PH ENIX

2 4 6
pT[GeV/c]

HF decay e measured in
Cu+Cu @ lyl<0.5

Central d+Au
&
Peripheral Cu+Cu

« Ditferent system
* Slmllar Npart
* Same enhancement pattern

Remarkable agreement!
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What does theory have to say?

Forward Rapidity

PYTHIA + EPS(09s LO

+ Small suppression (shadowing)
* Good agreement w/ data

Vitev - shadowing + pT broadening
+ Initial State E-loss

* Increasing suppression @ low-pT
« Better reproduces low-pT behavior
seen in data

e

PRL 112, 252301 (2014)
e -20<y<-1.
B 14<y<20

== PYTHIA + EPS09s LO, D —u (backward)
- -+ PYTHIA + EPS09s LO, D - (forward)

d+Au @ |s,=200 GeV

2.5 ;— ..... l. Vitev (shadowing, P, broadening, CNM E-loss) _;
2 -
05 -

0 2 3 a4 s e 7
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What does theory have to say?

arXiv:1409.2494

PHENIX -20<y<-14
Theory

ALICE -40 < y < -2.96 (preliminary)
Theory

Heavy-flavor muons in p+Pb min. bias, Vs=5020 GeV

2 4 6 8 10 12 14 16 18 20

pr (GeV)

PH ENIX

Backward Rapidity

Recent calculations from Kang et al.

« incoherent multiple scattering at backward
rapidity.
* In agreement w/ d+Au data
+ Increasing trend at low-pT not observed
+ Large uncertainties in data
« Also consistent w/ ALICE p+Pb data

D. McGlinchey - 152014
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What does theory have to say?

« Different behavior observed at different rapidities
+ Different theories only applicable/effective in certain rapidity
regions
* nPDF modification, Gluon saturation, CNM E-loss at forward rapidity
+ HF decay lepton coherent E-loss as in J/{ from Arleo et al?
“ Multiple scattering at backward rapidity
* nPDF modification not strong enough at backward rapidity
» Unsatisfying - makes predictions difficult
* Doesn’t mean it's wrong.
* Great similarity in trends observed at RHIC & LHC

» Similar magnitude, but vastly different multiplicities.

L, e
PH ENIX D. McGlinchey - 152014 |



\P(2S) in d+Au

PRL 111, 202301 (2013)

I.Illl)ll T T ! | T ! T | ! T !

1.4

- T Global Sys +27.8% E
1 2—_ m J/p Phys.Rev.Lett. 107, 142301 (2011) i
r Global Sys + 14.6% =
- . T 1
L] —
30l i . -
-5' %08: i qi . -
0.6 ] —
0.4— —]
0.2/~ —
- IyI<(|).35 V|SNN=200 GeV d+Au .
L L1 oo b by b by by
00 2 4 6 8 10 12 14 16 18
coll

1(2S) behaves differently than J/i

Would have expected similar contributions from shadowing.
Nuclear breakup?

s up—
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\P(2S) in d+Au

1 .6 I I I I I I I I I I
PRL 111, 202301 (2013)

Low energy results from
and E866 described by
increased nuclear breakup

1.4
1.2

due to expanding cc pair.
0.8

0.6
0.4

®  E866/NuSea
® PHENIX d+Au

—— F. Arleo et al.
0 1 1 1 1 1 1 1 1 I

o 10

Proper time in nucleus (1) [fm/c]

0.2

Relative Modification (v' / J/v)
III|III|III|III|III-‘III|III|III
L
m L

——
Pom
——
—
HCOH
———
——
HH
i HOH
HOA
III|l|I|III|III|III;III|III|III

S
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\P(2S) in d+Au

1.6
1.4
1.2

| I
PRL 111, 202301 (2013)

0.8
0.6
0.4
0.2

Relative Modification (v' / J/v)

III|III|III|III|IIIIII|III|III

m
N
® i
S
.
HOH
R
_ =
}_O-{ N
HOA
HOA
|||||||||||||||||||§|||||||||||

®m  E866/NuSea
® PHENIX d+Au
—— F. Arleo et al.

O s
PH ENIX

10 1
Proper tlmTv nucleus (Tm/c]

cc formation
time = 0.05 fm/c

J/ U formation
time = 0.15 fm/c

D. McGlinchey - 152014

Low energy results from

and E866 described by
increased nuclear breakup
due to expanding cc pair.

Increased nuclear

breakup can not explain
RHIC results.

The cc crosses the
nucleus too quickly!

15



\P(2S) in d+Au

Additional suppression not
from “initial” state effect?

Possibly due to “final” state
effect.

co-movers?
medium in d+Au?

g

Relative Modification (y'/J/v)

PRL 111, 202301 (2013)

1.8_ I 1 lllllll 1 I llllll I | Illlll[ |
B ] NA38 p+A ]
1.6 o NA50 p+A -
1 42_ » HERA-B p+A B
i ® PHENIXd+AuMB -
1.2 A NA50 Pb+Pb .
| S v NABS:wU E
:\?§)ﬁ i
0.6/ * -
0.4 ## -
0.2 # *ft*\ .
0: | | lllllll 1 lllllll 1 | lllll‘bl :
1 10 00 1000
dN,,/an|"
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Confirmation at the LHC!

E. Scomparin - INT 2014

>
Y . s
o 1.4F ALICE Preliminary
N ALICE y(2S) - ', PHENIX w(2S) - e'e
58 E @ ALICE p-Pb | 5,,= 5.02 TeV (2.03<y__<3.53, p-going direction)
EOQ 1.2F m ALICE p-Pb | 5,,= 5.02 TeV (-4.46<y__<-2.96, Pb-going direction)
i ¢ PHENIX d-Au | s,,= 200 GeV (ly__|<0.35), PRL 111,202301(2013)
- l @&
| SN U S R —————— g
0.8 _ I t

0.6;- ] * ;
0.4} m |

0.2 — |

Olll'lllllllllllllllllllllllll lllll

0 2 4 6 8 10 12 14 16 18

mult dAu
<Noi > <Noi>

Similar trend & magnitude at LHC!

Measured over very different rapidity ranges.

D. McGlinchey - 152014
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Future Prospects

2015 RHIC run will include p+Au & p+Al

« FVTX will allow {(2S) at forward /backward rapidity
* p+Au won’t have complication of d - easier comparison to LHC

* Including p+Al will study A dependence

Forward Silicon Vertex Detector

NIM A 755 (2014) 44

o
PH ENIX

counts (scaled)
o
o
o

800

600

400

200

OO
-
N
w

PHENIX muon trackers only

+ with FVTX opening angle

— i

_ i
. Run-13 p+p Vs = 510 GeV i {

- 22<y<1.2 i

B 1

— { 1

B 1

. 1 J/ '~|J‘

- pWwE Ld . N
— - *a, 0t anage®s R "“"'-..-

s B e e
4 5
uu mass (GeVic?)

Opening angle in front of absorber:
Greatly improved mass resolution
and background rejection

D. McGlinchey - 152014
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Summary

* Open heavy flavor in d+Au:
* Suppression at +y - Consistent with nPDF modification, E-loss
* Enhancement at mid-y - Beyond nPDF expectations. Cronin? Multiple scattering?
* Enhancement at -y - Beyond nPDF expectations. Consistent with incoherent multiple
scattering.

+ Quarkonia in d+Au:
« J /1 Suppression at +y - Similar behavior to u from open HF.
# J /1 Small enhancement at -y - Evidence for extra mechanism — nuclear break-up.
« (2S) Suppression - Unexplained by shadowing or break-up. “Final” state effect?
* Will be taking p+A data this year.
+ Multiple species - Al, Au
* Should help distinguish between effects by measuring A dependence.
« FVTX will allow {(2S) measurement at forward /backward rapidities.

G, s
PH ENIX D. McGlinchey - 152014 19
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Collision System Evolution

2_ RS T oo = T
- s d+Au -
o i _ = Cu+Cu ’
= 1.5 e Au+Au —
8 - +* * L + + -
m . + + -
V L -
Y s -
A i * -
< l :
oC 05F .
v - (a) Global error: +9.9% -
O- A | 1 AT | 1 a2 2 334l -
10 10° 10°
I\Icoll
Smooth evolution from to

e
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Open Heavy Flavor in d+Au

o -20<y<-14
m 14<y<20

d+Au @ |5,,,=200 GeV

&= PYTHIA + EPS09s LO, Dy (backward) M
- PYTHIA + EPS09s LO, D -y (forward)
PYRT T (N ST VT VT S T SN T S SN N TN S SN SN SN SN SN S W S R

-7~ broadening <|¢>=225 GeV¥/c?

llll]ll[l]ll-llllllll IIIIIIII]IIIIIII

IIIII

.........

l’v i
. ~ .
—lllllllllll[llll-lllllll—lllllllllllllll

----- I. Vitev (shadowing, P, broadening, CNM E-loss)

el

-

PH ENIX

-
- .
.
~ 1111111-11111111111
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Consistent with 1

<kt?> can’t simultaneously
reproduce forward/backward

rapidity data

EPS09s & 1. Vitev calculations
reproduce forward rapidity data

2



S+25+3S) in d+Au

Large uncertainties

Consistent with NLO EPS09

b gt
PH ENIX

RdAu

o
<
O

o

1.4

1.2

0.8

0.6
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0.8

0.6

0.4

0.2

— |Syy=200GeV @ Y(1S+2S+3S) — u*w, lyl €[1.2,2.2](PHENIX) ]
- m Jhp — I'T, y €[-2.2,2.2](PHENIX) B
— + 7.8% Global Uncertainty (a) ]
I I T T TN TN N N T TN WU N AN AN N TN M N T TN N WO AN TN TN NN M M
[ | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | ]
— |S\=200GeV @ Y(1S+2S+3S) — u*w, lyl €[1.2,2.2](PHENIX) —]
- NLO EPS09 for Y(1S+2S+3S)(Vogt) ]
o with o, : 0 to 8 mb by 2 mb ]
— SN ]
— O NN ]
— NN W RTRIMIIINIR N =
AN RESSSSMARRAAAANR ST s
Ay NS RELE RGN \ o
— ARRRRRRRRRR NN AN SNNANANANN . —
- &§§§§§§\\ AR AN \\\\\\\ \ N —_— \i\\ |
— N ORI .
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C N S e, . - U DR ]
- i\?&\\\\ n
—_ = 7.8% Global Uncertainty (b) ]
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FE-loss - Quarkonia

T T Y T Y T Y Y T T Y Y v

JHEP 1303 (2013) 122

e

T |  parton energy loss
T‘ ~ ' calculations from Arleo,
- \ Peigne able to describe J/,
" Y data from SPS->LHC
1al  Go=0.075GeV/m LN
— E. loss
02/ ~~~ E.loss + saturation i
PHENIX Vs = 200 GeV
°3 2 4 o 1 2 3
y
a—
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