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Theoretical motivation

1000000 B. Muller, Nucl. Phys. A750 (2005) 84

% Symmetry breaking
: : , 100000 0 QCD mass
- Higgs mass: electroweak symmetry breaking = B Higgs mass
> current quark mass e 10000
- QCD mass: chiral symmetry breaking = 1000
- constituent quark mass £ 100 -
% Charm and beauty quark masses are not i 10
affected by QCD vacuum ch; .
- ideal probes to study QGP L ' | | | |
State J/y Xe v’ ) ¢ Xb ) Gid Xb p 264
= T Mass (GeV) 3.10 3.53 3.68 9.46 9.99 10.02 10.36 10.36
< Heavy quarks (cc, bb) AE (GeV) 064 020 005 1.0 067 054 031 020
- Bound states (‘lea Y) Radius (fm) 0.25 0.36 0.45 0.14 0.22 0.28 0.34 0.39
Pythia 6.1 simulation (LO)
<+ Due to their mass (my >>T.., Aoep ) 200 GeV
: . Q eri 17 IQLD cT: gg —>cCc 95%
> higher penetrating power _ ~
bb: gg—>bb 85%
% Gluon fusion dominates

> sensitive to initial state gluon distribution
M. Gyulassy and Z. Lin, Phys. Rev. C51 (1995) 2177




2012 to 2016:
data were taken with
Central Silicon Vertex

Tracker for Heavy

Flavor Physics
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Au+Au 130 20
Il (2001/2002) Au+Au 200 25.8
Au+Au 19.6 0.4
p+p 200 1.4x10°
11l (2003) d+Au 200 73x107
p+p 200 5.5x10°
IV(2004) Au+Au 200 3.53x107°
Au+Au 62.4 67
p+p 200 7.1x10°®
V (2005) Cu+Cu 200 42.1x107°
Cu+Cu 62.4 1.5x10°
Cu+Cu 22.4 0.02x10°
p+p 200 29.5x10°
p+p 410 0.1x10°
VI (2006) p+p 200 88.6x10°
p+p 62.4 1.05x10°
VII (2007) Au+Au 200 7.25x10°
Au+Au 9.2 Small
VIl ( 2008) d+Au 200 437x107°
p+p 200 38.4x10°®
Au+Au 9.6 Small

IX (2009)

X (2010)

X1 (2011)
XIl (2012)

Xl (2013)
XIV (2014)

XV (2015)

p+p
P

Au+Au
Au+Au
Au+Au
Au+Au
Au+Au

p+p
Au+Au
Au+Au
Au+Au

Au+Au
SHe+Au

p+p
p+Au

200

200

62.4
39
7.7

115

500

19.6

200
27

200
510
193
200

510

14.6
200
200

200
200
200

200
200
62.4
19.6
89

110x10°®
114x10°®

10.3x107
544

206

4.23

7.8

166x10°
33.2
9.79x107
63.1

74x10°°
283x10°
736
27x107

1.04x10°

44.2
43.9x10°
134x10°3

282x10°
1.27x10°®
3.97x10°

52.2x10°
46.1x10°
44.0x10°
7.2x10°

19.5x10°
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- PHENIX optimized to measure leptons: rapidity coverage: 1.2<|y|<2.2 and |y|<0.35

Central Arms:
* Y,J/y,y > ete A€
D > X+e

. p,co,qb -2 ete,

Muon Arms:

Y, J/y 2> ptw
D> X+pu

*P,0,p 2 P
u+

=
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detector VTX/FVTX for HF physncs

2012: upgraded with Silicon

Beam View
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1 Run 15 Data: p+p at 200 GeV

Entries 4384122

_@* |Msan 064 - coonsses

RMS 1379 - 00004657

1 Run 15 Data: p+p at 200 GeV

H -
E C Entries 1388122
Sa00[- .
5] r— @ Mean 0.1408 = 00007568
1200 @
C RMS  £.58 00005352
1000—
800 |—
600
100
200
o5 5 0 5 10
Dep
1 Run 15 Data: p+p at 200 GeV
E 14 __ Entries 4384122
g + | moan osear = coonisry
1z -e -
- e‘ RMS 0.3082 - 00001044
10—
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Prob

Counts

Counts

«w_Run 15 Data: p+p at 200 GeV

Entries 4384122

Maan  2.581 £ 0.0007083

RMS 1485 £ 0.000504&

Few plots on sub-detectors signal responses for e* and e:
VTX, DC, Rich, and EmCal

- plots shown are for data

- similar plots are obtained with Pythia simulation

Event Selections

R B S T R
Disp
1 Run 15 Data: p+p at 200 GeV
IIWDE— Endries 4388122
E +
1600 ;—: g, Meapd.03841 = 0.0005643
1400 FMS 1412 £ 0000339
1200
10001
oo
600 -
aonf
200F-
L ————

o Run 15 Data:

5
EMCmatching dz (emcsdz)

p+p at 200 GeV

Analysis Cuts

p+ pat 200 GeV Run 15, ERT Data Production 108

Track Quality cuts

Electron/Positron ID cuts

Silicon Vertex Tracker (VTX)

Entries 4384122

_@* |Men omas7atzos

- e,' RME 0551 £ 5241e 05

E/P

(RICH and EMCal)
DC quality = 31 || 63 n0 = 2 Vertex: beam center (seed vertex)
IDC Zed| < 75 prob > 0.01 | zvix | € 10 em

Elp>0.7 y/ndf < 8

|dep|>-2 Conversion Veto all layers

| emcsdphie | <5

| emcsdz e | <5
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Counts per 100 MeV/c?

10!

raw yields of J/{ and heavy flavor (c¢ + bb) background
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_ lyl<0.35 PHENIX p+p 200 GeV Run-15 4 Unlike-sign
Using Crystall Ball Function for J/{ and ¢ (2S

p° > 0.5 GeVlc — Total Fit bl Jand b (29)
— P, < 10 GeV/e —_— Y The Crystal Ball function is given by: -
— &—ir
- JIY e[2.4,3.3] Hz:on,5,0) = N - {exp{— 26;_5)3
+ _‘Pl A'(B— .Er.)_.n_’
?}’ $ Mixed Events BG | | “here

i 2
............................. CE'I‘bBBG A— (_ .e}[p _ﬂ
................ ‘rl| 2

PHUENIX o n

preliminary B = ol ||
— -9
X?/NDF = 26.3/27.0 = 0.97 NI Ne_ 1
:_ .................... :.- 'j}l h d,‘;l_.- G’(C + D)
- .. = 1 || s n 1 al?
— C=—. — .
n o] n-1 EXP( 2 )

o
— | \ D= /2 (1+e(2))
L1 = A | I T I 1 | L1 111 | L 11
1.5 2 2.5 3 3.5 4 4.5

M... (GeV/c?)




" ly|<0.35 PHENIX p+p 200 GeV Run-15  }{ unlike-sign
p° > 0.5 GeV/c — Total Fit
102 = p. <10 GeVic — ¥
ol — T
o - JI¥ e[2.4,3.3]
2 . —
2 &

= K 4 Mixed Events BG
=10 ="

e

D R U

o PH -ENIX "

n preliminary 7

e L

g x2/NDF = 26.3/27.0 = 0.97

o 1

O r

10_1|| [
1.5 2 2.5 3 3.5 4 4.5
2
M... (GeV/c?)
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Counts per 100 MeV/c?

100

2]
o

[+2]
o

Y
o

N
o

Comparison of Mixed Events and like-sign Backgrounds

| |yl <0.35

~ p°>0.5GeVic

| P2 <10 GeVic

A
by

preliminary

}  Data Mixed Event BG

¥  Data Like-sign BG

excellent agreements in

the mass region [2.4, 3.3]

im

|||| \‘*T*‘Hﬁ-*—ﬂf—#

2 2.5

3 5
M...- (GeV/c )

raw yields of J/{ and heavy flavor (c¢ + bb) background
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BKG Subtracted

— TN
180 —  PHENIX p+p 200 GeV Run-15 PH -ENIX
— J/ prel iminary J/Iy momentum-p; momentum distribution in the mass region [2.4,3.3]
- W
160 - ly| < 0.35 30— PHENIX 200 GeV p+p Data Run 15
(] B B Hptmee
(&) ® > 0.5 GeV/c L Iyl < 0.35 GeV P
S 140 P - Entri 808
% - 40 — —m,.. (Jy) € [2.4,3.3] Ml; ;‘:165 1.55
= 120 — + data with BG subtracted i RMS 0.9696
o N _ o -
(o] - —J/¥ Crystal Ball Fit S 30—
v+ 100 — g L
o ~ — 9 Crystal Ball Fit 2
Q. 80— o 20
2 C WY e[24,3.3]
V- L
= 60 - 10
8 L
40 —
— 0 Ll ! ﬂ\ | I I
— -+- 0 4 6 8 10
20 — ps® (GeVic)
old L |
1.5 2 2.5 3 3.5 4 4.5
2
M,.. (GeV/c?)
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Stripixel

8

g g
I L T B

Counts per 10 (cm)

200

PHENIX p+p 200 GeV Run-15

—
PH -ENIX

A ly| < 0.35
preliminary

Mgs = (0, 0.1] GeV/c®

Positrons
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|
005 04 015 02

Dalitz Decay and Photon Conversion M+, ,- < 0.1 GeV /c*

Barrel 4

Barrel 3
Barrel 2 Life time (cT)
Barrel 1 D?:123 um
DCA : BO : 464 um
P p
Barrel 1
Barrel 2
Barrel 3
Barrel 4
1000 1000
i PHENIX p+p 200 GeV Run-15 i PHENIX p+p 200 GeV Run-15
800 U E g0 —~——
Ot PH -ENIX ly| < 0.35 __ + PH:ENIX ly| < 0.35
E | preliminary E [ preliminary
n;m B m,.. = [0, 0.1] GeV/c? gsuu B Mg, = [0, 0.1] GeV/c?
E I Electrons E I
a | =
Luol- Lol
3 - = -
Q Q
Ot o r
2DD_— EDD_
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
02 -015 -0. .05 [1] 005 041 0.15 0.2 02 -015 -0 .0 . 0.1 015 0.2
DCAS (cm) DCAS (cm)
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FB%JI!IJ

DCA Fit function In p+p collisions at 200 GeV, R, =0.3+ 0.1
Jfiotal (DCAT) = feombinatorial(DCAT) = Yieldinct, sy X [Fp_ /4 X fa=7/0(DCAT) + (1 =Fp_s/4) X forompt 774 (DCAT)]

+ Yif:ldcﬁ_i_bﬁ X [(1 - RE,) X ﬁE(DCﬁT) + Ry X fb.’_: (DCAT)]

L8]
” The “f” template functions 0.06 DCA resolution Data and MC vs p;
1 = . . . ) [—
E 200 GeV P+p MC Pythia8 with Detroit Tune - PHENIX p+p 200 GeV Run-15 __\\r_
10 Iyl <0.35 PHENIX acceptance - PH “ENIX
= 0.05 — preliminary
- mee=[24,33] B ly| < 0.35
_g’ 1 = — Prompt J/y B
£ L osouw = %% ¢ Data:m,., =[2.4,3.3] GeV/c®
— &) L
2 ° - : 2
5 (b © 003 | MC:m,, =[24,3.3] GeVic
o i <C B
5 0 E Q I
£ - 0.02| -
S 10° £ o o " e ¢
104 0.01 :—
10_5 0 B | | | | | | | | | | | | | |
-0. . . . . 0.2 0 1 2 3 4 5
DCA? (cm) Jy p_ (GeV/c)
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Extraction of fraction B-meson decays to J/y (Fg; ;)

Fguy distribution for 200k fit iterations

= 3000 — S~
- PHENIX p+ 200 GeV Run-15 -FB Ly = 0.052 + 0.030 (stat) £ 0.012 (sys) - N=3029.35321 + 9.57970 PH?§E NIX
- 2500 — preliminary
L ly] < 0.35, p® > 0.5 GeV
__\\5__ L
1 02 = m,., = [2.4,3.3] PHI%ﬁ"E le ..'ﬁ.'?ooo I— Mean =0.05200 + 0.00008
_ — — L
e - Data - Mixed Events BKG pre Imlnary 81500 |
o _ o | Sigma = 0.02963 + 0.00005
. = Total fit 000
h | 1 —
1C—> 10 ~=—— Prompt J/y * L
|
(] . 500 —
o B-meson — J/y I
4@ B 3 TR N R A TR T N N A P R
S 1 :—+ o€ + bb BKG %3 o2 oa 0 0.1 0.2 0.3
8 E FB = Jiy
— Table 2: Systematic uncertainty summary for the fraction of J/¢ from B-meson decay in the —0.35 < y < 0.35 rapidity
1 regions. Values are in absolute scale.
107" =— Source -0.35 <y <035 Specific meaning
E a < 1% Fit method variation
— b 6.0% Fraction of charm and bottom (Ry) variation
c 6.3% J /¢ yield variation
-0.2 -0.15 -01 -0.05 0 0.05 0.1 0.15 0.2 d 6.7% Collision vertex variation
e e 4.6% Mixed events background variation
DC:‘n‘T (Cm) Total syst uncertainty 23.6%
D 4E s
E 2 e e —
& o ] F 0.052 = 0.030 0.012
© = - 1 = . + L. stat) = 0. SYS
-.CE B T I B = B—J‘J ,/ lﬁr { ) ( y )
-0.2 -0.15 01 —0.05 0 0.05 0.1 0.15 0.2
e
DCA; (cm)
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4 Fraction of B-meson—->J/y versus p+

—
& PHENIXp+p {5=200 GeV |y| <0.35 PH: ‘ENIX
: preliminary
0.35— ®  PHENIX p+p {s=510 GeV 1.2 <|y| <2.2
|+ CDFp+p V5=1.96 TeV ly| <0.6
0.3 ALICE p+p Ys=7 TeV |y| <0.9
5 ' |4 CMSp+p 5=7 TeV 1.6<y| <2.4
_T)O o5 4 LHCb p+pis=8 TeV 2.0 <y< 2.5
aa] . I
. +  LHCb p+pys=8 TeV 3.0 <y<35
S 4 LHCb p+pfs=13 TeV 2.0 <y< 2.5
3 0.2 4 LHCb p+pis=13 TeV 3.0 <y< 35
= - ¢
= &
5 0.15- ‘} 4l
9 ‘ T
m N 0 o ; Iy ! t
0.1— o J %" '}
BRARRS IRE
Fas
0.05
IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII
05 1 15 2 25 3 35 4 45 5
Jhy pT (GeV/c)
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B— Jhp)

B to J/vy fraction (F

©
~

Fraction of B-meson—>J/y versus Energy

| @ PHENIXpsp (5=200 GeV lyl< 0.35 PFI-I\%)\KZE'—NIX
0351 M PHENIXp+p (8200 GeV 1.2 <lyl< 2.2 preliminary
 [] PHENIXp+p (s=510 GeV 1.2 <ly|<2.2
0.3— ¥ CDFp+p i5=196TeV lyl<0.6
L ALICE p+p 5=7 TeV |yl< 0.9
025 4 CMSp+p {5=7TeV 1.6 <lyl< 2.4
-~ 4 LHCbp+pys=8TeV20<y<25
0.2~ +# LHCbpspis=8TeV3.0<y<35
- 4> LHCD p+pys=13 TeV 2.0 <y< 2.5
0.15— <o LHCb p+pis=13 TeV 3.0 <y< 3.5
— R
0.1—
0.05—
- ¥
0 | IIIIIII| II\IIII| [
107 1 10

Center of mass energy Vs (TeV)

Excellent agreement with CDF/ALICE/CMS/LHCb measurements
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Fraction of B-meson—->J/{ versus rapidity

PHENIX and STAR results versus p;

0.2 -
e Sy = 200 GeV Prl:lg)(gE_—NIX s E Pelwe 200 GeV P-I-I\%)QENIX
® PHENIX mid-rapidity present work preliminary | = ~ & PHENIX present work, |y| < 0.35 preliminary
;'015_ 02} 03:_ p. <10 GeV/c
5 O PHENIX PRC 96 (2017) 064901 5 F P
0 - = £ #STARPLB722(2013), |y| <1
FONLL/CEM 2 -
S = oF ¢ STAR PRC 80 (2009), ly| < 1 E
2 017 :J?fo — [ JFONLLGEM i
.E - T = 1
Thy 5
0.05— g 0.1
- T |2
0 m 0 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
-3 -2 -1 0 1 2 3 1 2 3 4 5 6 7 8 9 10 11 12
Rapidity Jhy p_ (GeVic)

Note: STAR results used correlation method (not DCA technic)

Excellent agreement with Fixed-Order-Next-to-Leading-Logarithm plus Color-Evaporation-Model (FONLL+CEM)

predictions across large rapidity range.

Rachid Nouicer
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Few bullets to remember

1) pp@200 GeV: fraction of B-meson decays in J/{ yields over large rapidity range has been measured,
and excellent agreement with FONLL+CEM predictions

» next step: measure B-meson->J/y for different p; bins

Performance plot for pp@510 GeV

Rachid Nouicer

1000 1000 1000
PHENIX p+p 510 GeV Run-12 PHENIX p+p 510 GeV Run-12 PHENIX p+p 510 GeV Run-12

800 — 800 800 |—
T ly] < 0.35 T ly| < 0.35 . r y| < 0.35
§ [ § [ § [
- T _ 2 =2 _ 2 =2 r _ 2
% 600 Mg = [0, 0.1] GeV/c % 600 Mg = [0, 0.1] GeV/c % 600 mg. = [0, 0.1] GeV/e
5 b Positrons 5 [ Electrons 5 L
5 [ g | ] 3 [
Ea00 £ 400 Laoo
=3 - =3 - | -
=] Q =]
o ot o r

200 200 200

IIII|IIIIIIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIIII _IIII|IIII|IIII|IIII|IIII|IIII|IIII
€2 015 01 005 0 005 04 015 0.2 £02 015 01 005 0 005 01 015 02 ©02 015 01 005 0 005 01 015 0.2

DCA; (cm)

2) pp@510 GeV: recently, excellent progress was made on data calibration; we will measure the fraction
of B-meson decays in J/{ yields soon

DCA; (cm)
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DCA; (cm)

Performance plot for
pp@510 GeV: DCA;

Distributions of e+/e- from
Dalitz Decay and Photon
Conversion

M, +,- < 0.1 GeV/c?
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Few bullets to remember

1) pp@200 GeV: fraction of B-meson decays in J/{ yields over large rapidity range has been measured,
and excellent agreement with FONLL+CEM predictions

» next step: measure B-meson->J/y for different p; bins

2) pp@510 GeV: recently, excellent progress was made on data calibration; we will measure the fraction

of B-meson decays in J/{ yields soon

3) The present results in p+p collisions serve as a crucial baseline for the future measurements of

B-meson—J/y in more complex environments like in small-collision systems p+Al, p+Au, d+Au, He+Au,

and in the large collision system Au+Au at RHIC.
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