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* Measurement of single electrons from charm and bottom decays at

mid rapidity in Au-Au collisions at 200 GeV using the VTX (Phys. Rev.
C 93, 034904 (2016))

* New Preliminary B — J/{ measurement at forward rapidity in 200
GeV Cu-Au
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Charm and Bottom decays:

Phys. Rev. C 84, 044905 (2011)
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L 1sfj(@) O1%cental o Armestoetal. () E Single electrons from inclusive heavy
14 L) vanHeesetal.(l) flavor decays have been shown in
sl | | T P 3/(2nT) Moore & - .
1.25; ........ 412/(275) Teaney (Il) previous results to be strongly
'E l suppressed in Au-Au collisions
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E ? vebna, B 48, o 1 # dominated by electrons from bottom
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PHENIX Silicon Vertex Detectors (VTX, FVTX)

* The Silicon Vertex Tracker (VTX) is located in
the central arms and has 4 layers between r
=2.6and 16.7 cm.

* Inner two layers are silicon pixels with
14.4 pm resolution
e Quter two layers are silicon strips
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e
PHENIX Silicon Vertex Detectors (VTX, FVTX)

* The Silicon Vertex Tracker (VTX) is located in
the central arms and has 4 layers between r
=2.6and 16.7 cm.

* Inner two layers are silicon pixels with
14.4 pm resolution
e Quter two layers are silicon strips

* The Forward Silicon Vertex Tracker (FVTX) is
located in the north and south muon arms
and has 4 layers between z=20 and 38 cm.

* Provides accurate measurement of radial
distance
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beam

collision point

2012 PHENIX Detector
PC3

PC3 Central

e West Beam View East

Semileptonic decays of both bottom and
charm hadrons produce displaced electrons

The decay length of bottom hadrons is
larger than that of charm hadrons (L in the

figure shown)

The Distance of Closest Approach (DCA) of
beam  actron tracks was measured using the VTX
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Displaced Electron Tracking using the VTX

Calculate the Distance of Closest Approach
(DCA) of an electron track to the collision

decay vertex

D The DCA is calculated separately in the
transverse (DCA;) and Longitudinal (DCA))
planes

L
11.

DCA,

DCA; Resolution about 60 um
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Analysis Strategy

Phys. Rev. C 84, 044905 (2011) ° 2 pa rt a n a |ySiS .

"B : * Used previously published
1Y g”’ invariant yield of single electrons
02 Nl it from heavy flavor decays
. T * Measured DCA; of electrons,
?i ’ 4T taking advantage of the different
g L ¥ decay lengths of the D and B
78 100 mesons
R . E * Used Bayesian unfolding to
c: A N simultaneously take both parts into
o T g Iy account in the analysis
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150 <p_<2.00 * Measured Electron DCA; for the Run 11 (2011)

data set.
e Used 5 p; bins between 1.5 < p; <5 GeV
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Phys. Rev. C 93, 034904 (2016)
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ISTrIDUtIONS:. BaCKErounas

150 <p_<2.00 * Measured Electron DCA; for the Run 11 (2011)
o —— data set.
= Rancen * Used 5 p; bins between 1.5 < p; <5 GeV

=ssnien Hadron Contamination

10°¢

102;— :  Mis-identified hadrons: High-Multiplicity Bkg.
Data driven shape : Data driven shape

10 RICH Swap Method ~ : | Tracks with large DCA
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ISTrIDUtIONS:. BaCKErounas

150 <p_<2.00 * Measured Electron DCA; for the Run 11 (2011)
e L data set.
= raor « Used 5 p; bins between 1.5 < p; <5 GeV
103: Lxl T e
102;— :  Mis-identified hadrons: High-Multiplicity Bkg. Dalitz:
Data driven shape : Data driven shape Monte Carlo shape
10 RICH Swap Method ~ : | Tracks with large DCA With measured yield
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Phys. Rev. C 93, 034904 (2016)
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IStriputions: Backgrounas

150 <p_<2.00 * Measured Electron DCA; for the Run 11 (2011)

e — data set.

= e e Used 5 p; bins between 1.5 < p; <5 GeV
103: --------------- Dalitz
102;— :  Mis-identified hadrons: High-Multiplicity Bkg. Dalitz:

Data driven shape : Data driven shape Monte Carlo shape
10 RICH Swap Method : | Tracks with large DCA, With measured yield

L " . : Conversions: :

‘ : Monte Carlo shape
0is BT o h e s o1s - With Measured Pi0 yield

107
c¢*DCA2d(cm) ~ o . .
Phys. Rev. C 93, 034904 (2016) % 75% rejected :
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DCA; Distributions: Backgrounds

150 <p_<2.00 * Measured Electron DCA; for the Run 11 (2011)

o'C —— data set.

= raor « Used 5 p; bins between 1.5 < p; <5 GeV
10°¢
102;— ' Mis-identified hadrons: High-Multiplicity Bkg. Dalitz:

Data driven shape : Data driven shape Monte Carlo shape
10 :  RICH Swap Method : | Tracks with large DCA, With measured yield

1'; s T ' Conversions: E Ke3:

’ " ©  Monte Carloshape  :: Monte Carloshape

L N R '*'822;2'(,; '0_;15 : With Measured PiOyield {: With measuredyield :
Phys Rev. C 93 034904 (2016) -‘. ~75% rejected 5 -----------------------------
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DCA; Distributions: Backgrounds

1.50 <p_ < 2.00 * Measured Electron DCA; for the Run 11 (2011)
e — data set.
« Used 5 p; bins between 1.5 < p; <5 GeV
10°
102;— ' Mis-identified hadrons: High-Multiplicity Bkg. Dalitz:
Data driven shape : Data driven shape Monte Carlo shape
10 : RICH Swap Method : | Tracks with large DCA, With measured yield
e o : Conversions: : Ke3: : J/b->e*e: :
ﬁ Yo: Monte Carlo shape : = Monte Carloshape :: Monte Carlo shape
oy | NS ¢ SR WIS SléAZd( 6_;15 :  With Measured Pi0 yield With measured yield With measured yield
Phys. Rev. C 93, 034904 (2016) N ~75% rejected i
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U n fO ‘ d i n g Sampled with MCMC
methods
Input: \
Measured e* invariant yields
* The unfolding uses Bayesian inference DCA (pT) Parameters:

P; dependent yield

methods to determine parent charm
of ¢/b hadrons

and bottom hadron p; distributions

* Done through simultaneous fit to
electron invariant yield and the 5
electron DCA; distributions

* The decay matrix contains the
probability of a bottom (charm) hadron
with a given p; to decay to an electron
with a given p; and DCA;

* Bottom := B%,B°, B,, A, (Includes B->D->e)
* Charm :=D° D% D, A,
* Modeled h->e decays using PYTHIA-6

Likelihood a priori
constraints
(regularization)
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Data/fit

pectra agreement wi

The unfolded D° pT spectra agrees within
uncertainties with measurements from

STAR

Phys. Rev. C 93, 034904 (2016)
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DcaT distribution and component refold

Phys. Rev. C 93, 034904 (2016)

41 (@) | | " 1.5-2.0GeV/c g . B
107 @) 1 bi(b+c)=0.143 3 C->€:
5 | Pl Au+Au MB . Monte Carlo shape
107 ¢ i R4 =200 GeV 3 i2ati :
b-e : SNN e ; . Normalization from unfolding )
£10° L 2
c—>e 3 b->e:
10" L Monte Carlo shape
Total N T L Normalization from unfolding
107 ¢
Data g
“? 2.5 I I ! ! I i .
Backgrounds & 3 . The charm and bottom yield
% 6- Il . | m==m=— predicted by the unfolding is
O -0.15-0.10-0.05 0.00 0.05 0.10 0.15 consistent with electron
DCA [em] measured DCA, distributions.
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Invariant yield

Phys. Rev. C 93, 034904 (2016)
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The unfolding results are consistent
with the published inclusive heavy
flavor electron invariant yields.

Between the 3.5->5 GeV range the
bottom contributions begin to
dominate those of the charm

Phys. Rev. C 93, 034904 (2016)
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* The unfolding directly takes into e e O 0P 00

. . . . 0.6/[— unfola Unloertaintyl ________',..{a) 1
account statistical uncertainties B |l st |
* Primary sources of systematic : o
uncertainties: £ 02
* Uncertainty in the heavy flavor electron B S
p; invariant yield 2t e 0]
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Uncertainties
* The unfolding directly takes into Frvs Rev. € 95, 034904 2019)
account statistical uncertainties gy e e — F |
* Primary sources of systematic 7
uncertainties: 02
* Uncertainty in the heavy flavor electron oy
o invariant yield puEEEET
* Uncertainty in the high multiplicity B od——
background T ORI
* Uncertainty in the fraction of non Y |
photonic contributions L S e e T

ps [GeVic]

* Uncertainty in the K_; normalization
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Uncertainties

* The unfolding directly takes into
account statistical uncertainties

* Primary sources of systematic

uncertainties:

* Uncertainty in the heavy flavor electron

p; invariant yield

* Uncertainty in the high multiplicity

background

* Uncertainty in the fraction of non
photonic contributions

* Uncertainty in the K_; normalization
* Uncertainty in the regularization

parameter, and O

prior
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Phys. Rev. C 93, 034904 (2016)
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Measurement of Bottom and Charm results

Phys. Rev. C 93, 034904 (2016)
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The unfolded b->e fraction is consistent
within the large uncertainties with
previously published results from both
STAR and PHENIX for p+p.

Implies that electrons from bottom
hadron decays are similarly suppressed
in Au-Au as the electrons from charm

hadrons.
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Bottom and Charm R, ,

g
o

1.6

Phys. Rev. C 93, 034904 (2016)
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e

— e
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Phys. Rev. C 84, 044905 (2011)| |

@

Using previously published p+p results
from correlation measurements an R,,
was extracted for both electrons from

bottom and electrons from charm.

P+p results from:
A. Adare et al. (PHENIX), Phys.Rev.Lett. 103, 082002
1759 (2009), 0903.4851.

Reasonable agreement with the
reviously published inclusive electrons
rom heavy flavor R,,

We see that around 3 GeV the electrons
from bottom experience much less
suppression than electrons from charm
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RPI[

ZDC North

RPC3|||

ZDC South

Muons at forwara rapidity

£ [ SOUTH ARM e same event di-muons 429002_ ; NORTH ARM || Side View ||
%400_— Omixed event di-muons 3800:_ m -sal-’ne(;avent t H-rfluons = 18.5m= 60 ft -
(> - Q&% - ] : ¢ ¢+ +omlxe event di-muong
1200 K PH.ENIX 00EE op ¢ PHENIX
ook & e DI G0l oyt ¥ prelminary | sing muon pairs in the
i Op @ - . .
s00F * S00F o J/Psi mass region an
; . 400F :
600F ° ok °o ¢ analysis was performed
s00f ° ook o o to determine the
200 Oote, 10of e, fraction from B-> J/psi
T I S ¥R Rt I R T S T R R S aaay decays
di-muon mass [GeV/c’] di-muon mass [GeV/c’]
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Muon Tracking with the FVTX

Muon tracks are reconstructed using the Muon
Tracker (MuTr) with the Muon ID and are matched
to stand alone tracks reconstructed in the FVTX

Miss-matched tracks were modeled using event
mixing

Using the FVTX a DCA; was measured, DCA; is the
distance between the projected position of a
muon track to a X-Y plane located at the collision z
vertex and the collision vertex projected along R.

vertex plane

DCAR|




Background components

10’ = Au-going raw data = Cu-goi
« Two sources of S oeyel2 S o SRS S s
baCkg rou nd: i [ ] -di-muon combinatorigl | PMN'X .. o | di-muon combinatorigl
* Di-muon combinatorial | P—F%EN'X | prefiminary
. 10* - reliminar 3
* FVTX-MuTr mismatches: ; P dl;
coming from incorrectly i
matching a MuTr track -
to the FVTX stand alone r . .
track. S1.2F
o .: 1_
* Signal templates and Zosf
. £0.6
backgrounds are fitted Soaf
together to extract the gp L) e
B — J/U fraction A mion DCA, fem]
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B— J/ prompt J/ separation through DCA,

DCA;, Distributions for clarity are shown BG subtracted

* Prompt J/ and B->  gop 22<2 + Data-BG
= - Au-going prompt J/p

J / LIJ DCAR tem p| ate § i ;I\%E_—NIX By
Shapes, determlned g o preliminary Total signal
using MC §
simulations, were L
used in the fit Y/ W

* The sum of the DCA;

contributions agrees ¢
well with the dataas ¢ ]
shown in the bottom 4

2 0.3
muon DCA,, [cm]

panel
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- raCtion

Fg_j/p was determined

for both the gold and
copper going directions.

Difference is attributed to
a smaller suppression of B
mesons relative to
inclusive J/{ at RHIC

energies

= 0.7F = 0.7
8 F S [ @ PHENIXp#p (5510 GeV 1.2<y}<2.2
b3 - @ (Au-going) {5,,=200 GeV -2.2<y<-1.2 b3 - B
L - " oosvicen | 065 * COFpp L8 T s PH ENIX
s F PH ENIX  © (Cugoing) (5,=200 GeV 1 2y<22 = | 7 STARp B-200Ge yi<l0 prellmlnary
= 03 preliminary o ALICE Pospb {5276 Tev 0-50% Cent yi<09 | = 051 4 ALICE ptp =7 TeV [yi<09
EL 04l A CMS PbrPhys=2.76 TeV 0-100% Cent [y|<2.4 J: 0 43_ S CMS ptp 157 TeV 1.2<)y[<1.6
' - 0 CMS Pb+Pb \5,,;=2.76 TeV 0-100% Cent 1.6<]y|<2.4 ' & CMSpip (57 TeV 1.6<y|<2.4
03 0.3 ¢ LHCbp+p ¥s=13 TeV 2.0<y<2.5 3 '
C + % T % LHCbp+p V=13 TeV 4.0<y<4.5 l i 8 i
- - ¢
0.2F 0.2 * % t
: SRR N oo 40t
0.1;— %J 0.1 oﬁ% ++} Mﬁ-
0:IIIIIIIIIIIIII|IIIIIIIII|III\‘IIIII\IIIIIIIIIIIII O:II IIIIIIIII\IIIIIIIIIIIIIIII\IIIIIIIIII
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Iy P, [GeVic] I P, [GeV/c]
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Non-prompt J/ Ry, ._._.

FAA FAA
RB=IW _ ZB=i/W L/l B2/ /0 .
A4 ng ) A4 0.1 44 :5 T B PHENIX Cu-going |5y,=200 GeV 1.2<y<2.2
AA J e_d, 1__ ® PHENIX Au-going |s,,,=200 GeV -2.2<y<-1.2
° The FB—>]/LI) was ta ken from the g" B .] O ALICE Pb+Pb |5,,=2.76 TeV |y|<0.8
B->J/ fraction, separately for = 0sF A CHSPLIPD (BuraToTeviyisad
. . . ! @
the Au and Cu going directions § - PH._ENIX
70 - 0.6/~ preliminary
* Ry, was taken from previously o
published results: phys. rev. cao, 064908 T %ﬂ
(2014) 02l
. ng]/q) was assumed to be 0.1 -
DD
because there is no FB—>]/L|) world Iy p, [GeVic)

data at /s = 200 GeV.
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Conclusions

* We have had lots of exciting results coming out of PHENIX with regards to
heavy flavor quarks.

e Results on single electrons from charm and bottom decays at mid rapidity in Au-Au
collisions agree within uncertainties with previously published results

* Similar suppression of b—e and c—e at high-p;
* b—eisless suppressed than c—e at low-p;
* New preliminary results for forward rapidity B->J/ measurement in Cu-Au.
* In Cu-Au at 200 GeV B-mesons at forward-rapidity are less suppressed than prompt J/{

* A unfolding analysis is now being done using the run14 AuAu data set,
which is ~10x statistics, as well as with the run15 pp data set.

* This will allow for a full R,, and extend the results to a higher p; range.

* There is a talk tomorrow in the Small System workshop by Xuan Li at 11:30
AM where she will discuss additional recent results from the FVTX
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High Multiplicity Random Background

o | Phys.Rou.G 53, 034904 (2019 * Single electrons were
s 7 T EERER. | 2 e simulated and embedded into
3 N % o real Au-Au events.
L W |
i3 | 1of it\ﬁ hﬁf"w.g,s.[a,ﬁ * High dcal tracks are shown
o L P - not to be physical and to
o T TJ M e come from random
-0.15 -0.1 -0.05 0 0.05 D%LT[gn?]]S 100 00501015020250303ﬁ)gi?;fn] association traCkS.
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onversion veto

Total VTX radiation length is 13%

Conversion veto efficiency was tested using a
full Geant3 simulation of the detector with hits
running through the reconstruction software.

The conversion Veto works by looking for two
electron tracks within a pT dependent window,
if two tracks are identified as being “too close”
they are labeled as conversions and removed.

Timothy Rinn
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The DCA; , the projection along the vector
defined by the PxPy of the muon of the
separation distance between the projected muon
position and the event vertex in the x-y plane at
the z location of the collision vertex

Timothy Rinn
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Shows that for PHENIX
the inclusive J/y at
forward rapidity is more
suppressed than in ALICE

suppression in

dn

1.4
:E Inclusive J/y — p*w, Pb-Pb |s, =2.76 TeV and Au-Au |s,, = 0.2 TeV
D: 1ok W ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<p_<8 GeV/c global syst.= + 15%
gl | [] PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p. >0 GeV/c  global syst.= + 9.2%
1 113 o Y OSSP UUU SR PPSRP
0.8 :
C L] [
i l
0.4 i &
0.2_— ﬁ ﬁ @ II';] El'j|
O_IIIIIIIIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIII
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