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Outline
* Motivation.

e PHENIX and the Forward Silicon Vertex Detector
(FVTX).

 PHENIX Forward B—J/{ measurements:

—in 510 (arXiv:1701.01342) and 200 GeV p+p
(arXiv:1702.01085) collisions to study the energy
dependent B hadron production.

— in 200 GeV Cu+Au collisions (arXiv:1702.01085)
to explore heavy flavor production interaction
with the medium (Cold Nuclear Matter/ Hot
Nuclear Matter).

Measurements of B - J/¥ at forward rapidity in p#p collisions at /5 = 510 GeV B-meson production at forward and backward rapidity in p+p and Cu+Au collisions
at \/5,,=200 GeV
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Motivation

* Heavy flavor production is a good probe to study the
full evolution of the medium as it is produced in the
early stage of nuclear collisions due to its high mass
(Mg ,>>Aqco)-

* The heavy quark can traverse the whole evolution of
the system as interactions with the medium do not
change the flavor.
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Uniqueness at RHIC
* Uniqueness at RHIC

— Bottom production is dominated by pair creation (gluon
fusion), clean interpretation for experimental results.
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Uniqueness at RHIC
* Uniqueness at RHIC

— Bottom production is dominated by pair creation (gluon
fusion), clean interpretation for experimental results.

— accesses complementary kinematics region compared to
LHC measurements.
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Heavy flavor production in Heavy lon Collisions

Not well understood about interaction with the medium.
Cold Nuclear Matter (CNM) effect:

;,;* iy anti=shadowing
— Nuclear modification of PDFs. Z
: " shadowi
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Heavy flavor production in Heavy lon Collisions
* Not well understood about interaction with the medium.

* Cold Nuclear Matter (CNM) effect: |, y anti=shadowing
— Nuclear modification of PDFs. 5 1:2: ‘
— Energy loss of partons traversing | s tfeeceeecmcongiffom—mm-
nucleus (Initial state). z;:;os
g
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— Breakup of charmonium before

EPS09 NLO Q*=4.0 GeV*

exiting nucleus. E:f ; Erorses231  Eage
S - wee Central set 1
— Co-mover absorption. T T I unconaimy bane
0.1.3 ' ,11.,.,[.2 3 2 .,..,I-’ M
* Hot nuclear matter effect: " " " Bjorkenx
— gréeprgy loss of partons traversing parton €,
— Color screening. M%"f"“’”

— Coalescence of quarkonia in QGP.
. _ . Color Coalescence
 Need to measure multiple observables in different

processes to isolate the initial/final state and cold/hot
nuclear matter effects.
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Indication of flavor dependent energy loss

PRC 93, 034904 (2016)
e e From the PHENIX charm and

1.6} = (c+b)—e .
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Indication of flavor dependent energy loss

PRC 93, 034904 (2016)
e e From the PHENIX charm and

1.6} - (c+b)—e .
o .
]_ T Tl bottom separated single
1.4} ]
[ b —e
Il P Py electron R,, results,
1'2'_ . p+p from e-h correlations 1 ..
i | Phys.RevLett, 105 (2010) — Bottom has similar
1.0/ L H- L - 1. (R NI O R . .
< ] suppression as charm for high
=% R p; region.
0.61 — Bottom may be less
0.4l " suppressed in the low p-
: region.
0.2F Au+Au MB /55y =200 GeV
PHENIX Run 4 + Run 11

1 2 3 4 5 6 7 8 9
pT [GeVic]

Santa Fe Jets and HF 2017 Xuan Li (LANL) 6



Indication of flavor dependent energy loss

PRC 93, 034904 (2016)
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From the PHENIX charm and
bottom separated single

electron R,, results,

— Bottom has similar
suppression as charm for high
p; region.

— Bottom may be less

suppressed in the low p;
region.

Consistent with Energy Loss
mechanism:

AE, > AE, 4, > AE, > AE,
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Indication of flavor dependent energy loss

_PRC 93, 034904 (2016) e From the PHENIX charm and

1.6} | ( . (c+b)—e l 1 .
| ) ]‘”_ Phys. Rev, C B4, 044905 (2011) bottom separated single
M b | electron Ry, results,
I b Au+Au from Unfold L.
1.2 ] "o} fom e-h corelatons ' — Bottom has similar
il : ett, . .
PG| N it dt suppression as charm for high
o i }“’mmm» , p; region.
i — Bottom may be less
08 suppressed in the low p;
0.4 ? region.
<0.3 . .
T el , | = Consistent with Energy Loss
PHENIX Run 4 + Run 11 . ) . . mechanism:
1 2 3 4 5 6 7 8 9
pT [GeVic] AE, > AE, 4> AE > AE,

* |s bottom production less suppressed than the charm
production at forward rapidity in the low p- region?

* Need to first understand the B hadron production
in p+p, Cu+Au collisions.
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PHENIX detector

PHENIX Detector
Tracking: wire

P Gl ec
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Silicon Vertex Detectors of PHENIX

* The silicon vertex detectors: VTX(installed since 2011) and
FVTX(installed since 2012) make the new heavy flavor measurement

possible in p+p, p+Al, p+Au, Cu+Au and Au+Au collisions.
¢ VTX:

— With |y|<1.2 and ¢=2n coverage.

— provide precise vertex and tracking
measurements for D,B—>X+e.

MuTr:1.2<|y|<2.2, d=2n

5 \‘i‘ - S |

B s SRS
W

| , ; ,,T—-—.__L:\_‘-

‘ |'

N

| . '| = J y N
IIII!1 \ J" * FVIX:
— With 1.2<]|y|<2.2 and ¢$=2mr coverage.
— provide precise tracking and DCA
MulD:1.2 2.2, d=2
) <lvl<2.2, =2 measurements for B>J/¢ and D, B
separation.
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Can we measure B meson at forward rapidity?
B=>J/P=>
* B hadron decay length (ct), about the size of hair diameter:
— ¢t(B%=455um, ct(B*)=491um.
* B hadron is further boosted at forward rapidity.
 FVTX can precisely determine the Distance of Closest Approach
along the radial projection (DCA;) of tracks.

vertex

3 =
--------
]

* Different shapes of
DCA; of prompt
particles and decayed
particles make the
separation of B decayed
J/W and prompt J/Y

Xuan Li (LANL) feasible. 9
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How to determine the J/{ from B-meson decay?

* In p+p and heavy ion (eg. Cu+Au) collisions:

1) Identify the J/Y candidates from di-muon mass spectrum
after applying quality cuts.

PO—> €—0p Cu.—><—.Au
2012 510 GeV p+p data 2012 200 GeV Cu+Au data
*E E SOUTH ARM e same event di-muons
-2.2<y<-1.2 31400_— % O mixed event di-muons
e —— signal+bkg 01200:_ o 8
—#— mixed event bkg E¢Q & -2.2<y<-1.2
- - like-sign bkg 1000? ®s ¢¢
- Co *
L2 A 800: O" .
z 600 ©
- o
400:— OO o
llllll - (@]
200 o®
1E B Oo.o
IIIIIlIIIIlIll:llllllllllllllll:Illlfljldl?{hlﬁ}llll _""I""I""I""IC)'()'(’D'M“
2 2.5 3 3.5 4 4.5 5 5.5 6 1.5 2 2.5 3 3.5 4 4.5 5
Mass (GeV/c?) di-muon mass [GeV/c?]

* Clear J/ peaks are found in both p+p and Cu+Au data.
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How to determine the J/{ from B-meson decay?

* In p+p and heavy ion (eg. Cu+Au) collisions:

2) After select good J/ys, require the muon track of di-
muon pairs matching to the FVTX and measure the DCA;

PO—> €—0Q p Cu.—)<—.Au
2012 510 GeV p+p data 2012 200 GeV Cu+Au data
Kot % 10 ﬁ"@r
102 [ ] ® - ; + +
: % t2.2}y<-1.2° 5 ¢! | "2:2<y<-1.2
o : 1
. t !
= E 10 . >
e —— ,
I8 S "Mﬁ | e
LI UT 1 \I T T

04 03 02 -01 0 01 02 03 04 S045 0T S0 0 o005 01 o5
Muon DCAC(r) (cm) Muon DCA; [cm]

* Hints of asymmetric in muon DCA; shapes.
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How to determine the J/{ from B-meson decay?
* In p+p and heavy ion (eg. Cu+Au) collisions:

3) Signal determination: generate prompt J/y and B to J/{
events in full simulation (PYTHIA+GEANT+RECO) or
embedding for p+p or Cu+Au with realistic vertex and

dead maps etc.
510 GeV p+p simulation 200 GeV Cu+Au embedding

= - L ~ — det.response
S B oy == —— —
%10 L %%Prompt Jhp 3103:_ F 2\ B— Jiy ® det.resp.
| Z E o
£ g 7
= 5 2 FB—=Jy—u o 7
-2 Lu
107" d 102:_
9 i =
9 o) C
-3 0,4.. iﬁ B
107 F “ WNILT & 10
Tl T Pt -
" [@100) i‘!’ @) .! OO TT : P
o : | | | | | | | y= ] \\\
04 -03 -02 01 0 01 02 03 04 -03 02 01 0 0.1 02 03
Muon DCA (cm) DCAR [cm]
* Obvious muon DCA; shape difference between prompt

J/U and B to J/\.
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How to determine the J/{ from B-meson decay?

* In p+p and heavy ion (eg. Cu+Au) collisions:

4) Determine various background components:
combinatorial, FVTX-MuTr mis-matching and HF

Raw Yields

-
(@]
N

10

-04 -03 -02

continuum backgrounds.

2012 510 GeV p+p collisions

'y
T

B + Raw data
B $ Combinatorial BKG «

= 4 cC+bb BKG * o 1.2<y<2.2

- $ Mis-matching BKG ]

1 02 03
Muon DCA_ (cm)

1
0.4

dN/d DCA,, [em]"

o
N

[
O
=N

10°

2012 200 GeV Cu+Au collisions

? Cu+Au i ’0 | raw data
~ (a) -2.2<y<-1.20 % | total BG
: o MW comb
. HF BKG ¢ " |mismatch
not shown
o— ——

03 —02 —o.1 0

* Backgrounds are well determined.

Santa Fe Jets and HF 2017
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How to determine the J/{ from B-meson decay?

* In p+p and heavy ion (eg. Cu+Au) collisions:

4) Fit on DCA; in data to simultaneously determine the

prompt J/Y and J/U from B-meson decay vields and
extract the B to J/{ fraction.

S E 4 prENX 10 GeV pep cata [ (b)1.2<y<22 Cu-going[F, _,, =0.089= 0.026
> - —— Total fit .
= i . 3 " .
§ [Commnmnn, XiV:1701.01342 = PHENIX arXiv:1702.01085
rompt J/ip -
10% = - - - Combnatorial BKG 1.2<y<2.2 i
E -+--=+ Mis-matching BKG
[ — - cG+bb BKG 3
1ok P
N 3
»> ‘:\ +
/ ) .
1 c : \‘;\ |l {{ | . X
1l I Ll I : [ itk I\I"\I 1l I.,:I I.I AN AN 111 E y L ':i:;:‘; 5 N
-0.25 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 0.2 0.25 C
Muon DCA,(cm) n (d)
o) 2 L
i\ 1.5; —
S osE ' 1
© OFE
2 _osE =
vojg v by b by b b
'1_'2? 03 -02 -0.1 0 0.1 0.2 0.z

62502 015 01 =005 0 005 01 015 02 025
Muon DCA,, (cm) DCAR [cm]
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B—>J/y fraction in p+p and Cu+Au collisions

FONLL+CEM: Phys. Rev. C 87, 014908 (2012) FONLL: JHEP 05, 007 (1998)
Private communication with Ramona CEM: Phys. Rept. 462, 125-175 (2008)
—~_0.35 02
g > - _
7 [ Inpsp collisions within 1.2<lyl<2.2 S |sy=200 GeV PP]YE_IQIX
| @ 03F —g— PHENIX 510 GeV data (p, <5 GeV/c) (. o p+p
= [ Liiuo FONLL+CEM 500 GeV p_dependent LT-‘CQO 15 o CutAu
Q 0.25) wn FONLL+CEM 500 GeV p_integrated ' [ ] FONLL/CEM
S (p, <5 GeVrc) i _ —
= oaf Au Cu
= r -
s "< &>
S 0.5 i
m - e o
0.1 ; 0 0.05
C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
% > 4 6 8 10

arXiv:1701.01342  Jhp p_(GeVic) arXiv:1702.01085 rapidity

* The forward B—J/ fraction measured at PHENIX in 510 (200)
GeV p+p collisions is in reasonable agreements with the FONLL

+CEM (FONLL/CEM) model calculation.
 The fraction measured in Cu+Au is higher than in p+p collisions.
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Center of mass energy dependent B=>J/{ fraction
* A smooth energy dependence is found from 0.2 to 13

TeV p+p (p+pbar) collisions for B=>J/y fraction

measured with integrated J/ p;.

—~ 0.3
SO m PHENIX p+p Vs=510 GeV 1.2<lyl<2.2
vt L O PHENIX p+p (s=200 GeV 1.2<lyl<2.2
u®  r * CDF p+p Vs=1.96 TeV lyl<0.6
— 0.25— ALICE p+p Vs=7 TeV lyl<0.9
S B A CMS p+p Vs=7 TeV 1.6<lyl<2.4
= - ' LHCb p+p\s=8 TeV 2.0<y<2.5
S + LHCDb p+p\s=8 TeV 3.0<y<3.5
= B 0 LHCb p+p\Vs=13 TeV 2.0<y<2.5
SO o LHCb p+pVs=13 TeV 3.0<y<3.5
-.9 -
m 0.15_—
L Q
- b 8
L * +
0.1—
0.05—
O_I | | | | | | I I | | | | | | | | | | |
10" 1 10

Center of mass energy \s (TeV)

arXiv:1701.01342
arXiv:1702.01085



Center of mass energy dependent bb cross section

« The extracted bb cross section results based on the B—>J/{
fractions measured in 200 and 510 GeV p+p collisions are in
reasonable agreements with the NLO pQCD predictions.

3
3 10 = .
C ~ LHCL p+
'8 B COF o4 oee™" e
— + -------
° 2 (corregtgd)‘ : CICE p+p
10 = PHENIX p+p .=~ o .-
— B — J/y extraction -0t~ .e""
— g
Lo T‘,Ui-\'f p+p
10 - PHENIX p+p,.**~".-*
- ¥-B.< 41 extraction
B e+h correlation*l el
S L NLO pQCD
— (Vogt; Eur.Phys.J.ST 155:213-222,2008)
101 E771psSi o —~—
= ' PH:-ENIX
- ERA-B p+C/T/W preliminary
102 = E789 ps
B | ’ .:I | 1111 | | | | | | | | | | | 1111 |
102 10° 10*

Vs (GeV)
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B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CulAu
RB%]/I/J __ " B—=Jly inc.J/y
CuAu — Fpp CuAu

B—J/y



B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CuAu

B—J/ B—J/ inc.J/
R = Frr J/: G
§ ‘S"P?%)(éflzﬂlx [S1=200 GeV * No si.g.niﬁ-cant
e 3f * CutAu—> B—J/y p >0 modifications on the B—»>
25 = Cu+Au— Prompt J/ pT>O J/llJ RCuAu which suggests
H i a small initial state
s i H i modification.

N Cu ||« Significant modifications
4101 <_. &> on the prompt J/Ib R
3x107' - . 0 which indicates prompt
2x107! b e b J/W breaks up in final

arXiv:1702.01085 rapidity states.
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B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CuAu

RB—>J/1,U __ T B—=Jy inc.J/y
CuAu - CuAu
Flo
Z 2_ ~ s\ =200 GeV * B=>J/U R,,,, is consistent
5 ;| PHEENIX o CusAu— B—3np p >0 with expectations from
) égl‘igg‘;: lgomﬁt Iy p,>0 nPDF modifications in
B or b— e e,
v | initial states (EPS09).
1F : F
- Au Cu
4x107'F é.@ .
3107+ i
—1 | | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0375 ) 2 3
arXiv:1702.01085 rapidity
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B->J/U fraction in Cu+Au collisions

* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CuAu
B—J/ B—J/
R Yo Y

B—J/y

1{CuAu
N W AW

DH.~
_PH///\\\ENIX e Cu+Au— B—=J/p pT>O

\'sy=200 GeV

= Cu+Au— Prompt J/ pT>O
[ ]EPS09 for B— J/y

4x107!
3x107!

Jx
c

X

Z 2

&>

2x107 5

3 -2

arXiv:1702.01085

Santa Fe Jets and HF 2017
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rapidity
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inc.J/y
CuAu

B—>J/U R ,, is consistent
with expectations from
nPDF modifications in

initial states (EPS09).
anti-shadowing

- Uncertainty band
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Bjorken x
18



B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CuAu
RO = Z0 R
Fyl i
g2 /s =200 GeV  Backward enhancement
= Y/PHTENIX . ¢ -
SARILELE e Cu+Au—B—=JAp p >0 Incoherent multiple
. = Cu+Au— Prompt J/ pT>O scattering?
2F [ ]EPS09 for B— J/y 5
s Phys. Lett. B 740, 23-29 (2015)
M—U i | © PHENIX -20<y<-14
1 2 High-twist
i ! EPS09
4x1071} e —
3x107 '+ T
0.5
2 10_1 T e e - Heavy-flavor muons in d+Au min. bias, Vs=200 GeV
% —3 —2 —1 O 1 2 3 s Y AN ISR SN ST IV U IR I B W
arXiv:1702.01085 rapidity - Y
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B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

CuAu
RE = Tt Rt
F2
= 5 .
< 4foY \'Sun=200 GeV * |nitial state parton energy
O 3_PH7RENIX e Cu+Au— B%J/lpp >0 IOSS?
. = Cu+Au— Prompt J/w p>0 )
21 |_JEPS09 for B—J/yp Clear initial state E,_. observed at E906
] "2 W/C |
1t i —Ff— :& fﬁ ***** :
- Au Cu 2: —E— _g}_ ‘
4)(10_1 - .IEI %0-5? EKS Shadowing parameterization
1L - X~ S(Z:m
3x10 ] :ji i';’z . E906 preliminary
-1 v v e b b e b e by - ~30% of total expected statistics
L ) 1 2 3o
arXiv:1702.01085 rapidity ¢ ¢ T . ¢ 7"
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B->J/U fraction in Cu+Au collisions
* The nuclear modification factor R, ,, can be derived
from the B=>J/y fractions in p+p and Cu+Au collisions
and the inclusive J/U R 5, according to this formula:

RB—>J/1,U _ FBCE:}L;I/J inc.J/y
CuAu CuAu
. Fy s
=
< Y =y | Sun=200 GeV
S 4 PHIENIX 0 ai sy p>0 o
o 37 B Cu+Au— Prompt J/y p, >0 e Similar trends has been
i L[] Cu+Au—¢ 1<p_[GeV/c]<S5 (gl.sys=11%) .
2 A d+Au— HF— lepton 1<p, [GeV/c]<6 (gl.sys=10.1f% found In ¢ meson RCUAU
q I  and HF semi-leptonic
1 ; :
- @ﬁ decayed leptons Ry,
i Au Cu . pe .
Y @-> | ° Further verifications of
-1L .
‘;‘18_1 § final state break up of
T []
N prompt J/.
3 2 -1 0 1 2 3
arXiv:1702.01085 rapidity
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B->J/U fraction in Au+Au collisions

* Similarly, the nuclear modification factor R, ,, can be
derived from the B—=J/{ fractions in p+p and Au+Au
collisions.

 The Au+Au data production in RHIC 201442016 is
ongoing.

51.4 + B— J/y PROJECTION * The B hadron Ry,
AutAu @ \s =200 GeV
1.2 RUN14+RUN 16 data on tape through the B=>J/
1.2<]y|<2.2
IS Y measurements at
08 + low p; will improve
0.6
¢ the knowledge of
0.4
| with stat. uncertainty only bottom quark
021~ notinclude the p+p uncertainty .
ol ol energy loss in QGP.

o 1 2 3 4 5 6 7 8 9 10



Charm and Bottom decayed inclusive single muons

* High statistics measurement with similar method
developed in the B to J/Y analysis.

* Extend to high p; region to determine the p; dependence
for charm and bottom production.

* Analysis is underway.

* The challenge is to minimize systematics.

10"

10

10*

10

Non-heavy flavor BG
Muons from D

Muons from B f- , 3<py

\

10" g~

10,

100804 05 02

Santa Fe Jets and HF 2017

Run14 Au+Au projection

Charm with FVTX
; y with FVTX

Collisional Dissociation

pp: 15 pb”, AuAu: 1.5 nb™, Izl < 10cm

Prescale 1/3 for P, < 3 GeV
Trig. Eff = 0.7 for P, > 3 GeV

ii*{’{

1.2
2
occ
1 =
Simulation
0.8{
[GeV/c]<3.5
0.6
o.4ut\f
0.2/
02 03 04 05 0
dea_r [em) 1
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« B—J/Y production (arXiv:1701.01342,1702.01085):

Summary

A smooth center of mass energy dependence

—~_ 03
= "
1 C =)
o o *
L o025
S C N
B C M
g o2 '(';
= - @
- L
_9 L
o 0151
0.1—
0.05/—
07\ Il ‘ Il

PHENIX p+p Vs=510 GeV 1.2<lyl<2.2
PHENIX p+p Vs=200 GeV 1.2<lyl<2.2
CDF p+p Vs=1.96 TeV lyl<0.6

ALICE p+p (s=7 TeV lyl<0.9

CMS p+p Vs=7 TeV 1.6<lyl<2.4

LHCb p+p{s=8 TeV 2.0<y<2.5

LHCb p+pVs=8 TeV 3.0<y<3.5

LHCb p+pVs=13 TeV 2.0<y<2.5
LHCb p+pVs=13 TeV 3.0<y<3.5

3
310

e
'8
©

10?

10"

10
Center of mass energy Vs (TeV)

PHENIX p+p
B — JAp extraction

NLO pQCD
(Vogt; Eur.Phys.J.ST 155:213-222,2008)

—~—
PH-<ENIX
preliminary

10° 10*
Vs (GeV)

* First measured B—>J/{ R4, (arXiv:1702.01085):

No significant nuclear

modifications.

consistent with p+p binary
scaling and expectations .../

3x107'

r
5
4
3
2

| —~— VSNN=200 GeV
| PHSENIX . CusAu— B—Inp p,>0

= Cu+Au— Prompt J/p pT>O
r [ 1EPS09 for B— J/y

from nPDF modifications. ... -
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Outlook

e lLarge data sets in various types of collision systems
collected at PHENIX provide opportunities to study

— Forward/backward B—J/{ via di-muon channel in
2015 p+Au, 2014/2016 Au+Au collisions to understand
CNM and QGP effect.

— Study the D/B separated single muons in 2012/2015
p+p, 2015 p+Au and 2014/2016 Au+Au collisions with
higher statistics will help understand the charm and
bottom production and the mass dependent energy
loss in QGP.

More to explore!
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Open HF semi-leptonic decay in d+Au collisions at RHIC
PRL 109, 242301 (2012), PRL 112, 252301 (201§1)

o .
L L

wn

wn
TT7T

g + st
0-20% centrality | O [ ¥ HF €7, lyl<0.35 4 P?/E_NIX 0-20% centrality
(& HFyw, 20<y<-14 o 2 1 JAy, lyl<0.35 25¢ (W HFy, 1.4<y<20
[E] Uy, 22<y<-1.2 C ~— 2:_ [8] Jiv,1.2<y<22
: H* ¢ | 150 gl i I PH-ENIX :
1:.. ..... é) Q(}Q .................................. E| ........ El I I I ) 1E .......... H@ﬂﬂ@ ** ............
Backward-y 0.5¢ Mid-y os@MEI‘E’ U .
Y - 0-20% centrality T Forward-y
ettt PHOENIX kb b LS SRR RV
T2 3 4 5 @ 1 012 3 45 6 7 8 9 L T R S S S S
p, (GeVic) p_ [GeVic] p_ (GeVic)

4O —> €— . Au
Define nuclear modification factor:
1 Yield(A+B) Cold Nuclear
R, = X — _ Matter effects
<Ncol,> Yield(p + p)
Clear CNM effects are observed.

Forward rapidity: Similar suppression
indicates similar initial state effects
(shadowing, energy loss) for J/{ and open

charm production. | o e e
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Open HF semi-leptonic decay in d+Au collisions at RHIC

PRL 109, 242301 (2012), PRL 112, 252301 (2014)
3

s < | : s
. 0-20% centrality | O [ ¥ HF €7, lyl<0.35 4 P?/E_NIX 0-20% centrality
230 (o] HFy, 20<y<-14 o 2 1 JAy, lyl<0.35 251 (8 HFy, 14<y <20
i 8] Jiy, 2.2<y <12 - ~— i & Jiv, 12<y <22
E H% i 15 1 ol PH- ENIX -
1.5F Co I HH 15
1:.. ........ BERE..... B N 1_ .............. O A i A S U I SR S
T H] ML . : H@ﬂﬂ@ %:{: % %
o5t Backward-y 0.5¢ Mid-y 05200E L @
: PH.ZENIX - 0-20% centrality ; Forward-y
R e R Ee s S T T B B e I S S T R
p, (GeVic) p_ [GeVic] p_ (GeVic)

dQ—> €— . Au
e Clear CNM effects are observed.

 Mid and Backward rapidity: s,
Different trends between J/{ and g |
open heavy flavor. Final-state effects oo

like co-mover absorption can not be
neglected for J/U production.
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(indicated by the R,, suppression).

 Due to the dead cone effect, the
energy loss in the medium is mass

dependent:

Energy loss in the QGP

* Energy loss Mechanism:
* (I) Heavy quarks lose energy when crossing the medium

_hadron

C collisional ¢

et
1'.2

AE, > AE, 4> AE > AE,

Santa Fe Jets and HF 2017

Xuan Li (LANL)

radiative
g

0
0
|=
|
|
|

medium

Dead cone effect: gluon
radiation from massive
quarks suppressed at angle
0 < Mq/Eq.

A"
%

o7




Energy loss in the QGP

e Ene rgy |OSS M ech anism: A.Adil, 1.Vitev, Phys. Lett. B649 (2007)
D—mesons B—m%sons

S ‘g‘

(11) Shorter formation and
dissociation time of b(c) quark
to B(D) from light quark
hadrons.

AE, > AE, 4> AE > AE,
_Ccollisional ¢ radiative
N — §
| ~ ]
Aoy —W _hadron /%g ‘ . 0
‘%,- R, : . //// \\\\\\ :
. @ '
q q 1 medium

* Mass effect is negligible at high p;but not in low p; region

* Low p; heavy flavor production is dominated by charm,
need to separate charm and bottom and study the mass/

flavor dependence.
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The Forward Vertex Detector (FVTX)

HDI Sensor

Mini-strips are orier
approximate an arc

m Sensor
2 columns of strips
1664 strips per column
strip length 2.8 to 11.2 mm
75 micron spacing

48 wedges per disk (7.5°/
sensor, 15°/wedge)

0.5 mm overlap with adjacent

wedges
\ = FPHX Chip
FPHX Chips (13 per column) 1 Column readout

128 channels
~ 70 microns channel spacing
Dimensions —-9mm x 1.2 mm

Santa Fe Jets and HF 2017 Xuan Li (LANL)
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Invariant mass of di-muons
* In 2012 510 GeV p+p (top) and Cu+Au (bottom) data.

10°

T T TTITT]

10

1.2<y<2.2
—— signal+bkg 102
—$— mixed event bkg
- » - like-sign bkg

-2.2<y<-1.2

—— signal+bkg
—&— mixed event bkg
-4 - like-sign bkg

Mass (GeV/c?)

Mass (GeV/c?)

e same event di-muons
m + omixed event di-muons

NORTH ARM

o + PH- <ENIX
oﬁ# preliminary

O e
Co2e,
I I B

*g E SOUTH ARM e same event di-muons "§900§_

81400_— O mixed event di-muong o F
S f ng% S800F

‘_ T~ F
120(’:‘@ s PH-“ENIX 700F

L reliminar 3
1000 % o, P Y 600®
C Ofp @ =

800 ’.¢ 500F

: ° 400F

C ' -

600 © =

i o 300F

400F ° g

- o ® 200F

r Oy @ E

2001 OO. . 100:—
Co ..I....I....PM“ E

1.5 25 3 35 4 45 25 '

di-muon mass [GeV/c“]
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Comparison of DCA(r) between data and simulation (p+p)
DCA(r) of J/ decayed muons with integrated p and p dependence.

e Fit the DCA(r) core region to extract the DCA(r) resolution.

@ @

(403 [q0]

73 3 2 2<y<-1.2
2 g e < Data

N N -« MC

© ©

£ £

o o

= =

—_ 006_ —_ 006_
<L - S C
=) 0.05:— 1.2<y<2.2 =) 0.05:— -2.2<y<-1 2
g‘“‘ . —&— J/p in Data 5“ - —&— J/p in Data
a "F & JAp MC =3 4 JAp MC
003:— 003:—
s — —
C — C —_—
0.02|— —a— 0.02|— —_——
0.015— 0.01—
I S T T v o S XN Jmr 7 -y
p (GeV/c) p (GeV/c)

* Good agreement between data and simulation for DCA(r)
resolution.
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Comparison of DCA(r) between data and simulation (Cu+Au)
* DCA(r) of stopped hadrons with integrated p and p dependence.

* Fit the DCA(r) core region to extract the DCA(r) resolution.

- (a) -2.2<y<-1.2 e Real data - (b) 1.2<y<2.2
10 Cu+Au mo Simulation = A
o g E

ﬂti%
;
£

&
10_ '—0—~:+:=%:
'S 004E(c)-2.2<y<-1.2 - (d) 1.2<y<22
Q - L
— C ® Real data
- 0.035F ) X —
2= E o Simulation .
l;:m 003 =Opca, (P) 3
DB 0.025 —
0.02 r
00155_ 0,=160x=12 um - 0,=168+23 um
T 0,=825+38 um GeV/c —O— O‘b 634+28 um GeV/c
00070615 02 025 0301 0I5 05 055 0.3
1/mom [GeV/cT! 1/mom [GeV/c]!

* Good agreement between data and simulation for DCA(r)
resolution.



Test the fit package in Toy MC

* Generate pseudo-data according to the shape of foreground
and background. Use the same fit packages applied in data.

2 3 = 0.082 = 0.028 fe VS fgen
< ~0251
aloal i
£ Prompt J/U Set frac: 0.0900 . g
- ' i n*
015 .—-""*
10 E fﬁt ot “

I
||li'

I
'
!
AN

li TN k“h m

-0.25 —.2—0.15—0.1—0.05 0 0.05 0.1 0.15 0.2 0.25 f
X fit

* Good linearity between generated and B to J/y ratio.
 Final results from data are under collaboration review.
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FVTX-MuTr mis-matching background determination

* For one MuTr track, there is a probability of finding more than
one FVTX track within the matching window.

In 510 GeV, p+p collisions

O 09

08F

-
=Y.
-

O O 03
O 0.1

0

No. of FVTX tracklets matched to Mutr Track

07F

o-l

ll:l—‘—llllllllllllllllllllll

No. of matching
—— North FVTX
—— South FVTX

In 510 GeV
p+p collisions

4 6 8 10 12 14
No. of matching

In 200 GeV Cu+Au collisions

2
MuTr rack
true A
)
Mk o
< >

* In p+p collsions, the probability to have more than one FVTX

track matched with the MuTr track is around or less than 5%.

* In heavy ion collisions such as Cu+Au collisions, the
probability is much higher.
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HF continuum background determination (510 GeV p+p)

* Fit the di-muon mass to extract the HF continuum
background.

1.2<y<2.2 -2.2<y<-1.2
107 — Signal+BKG — Signal+BKG
- Total BKG 12 total BKG
- - . Comb. BKG : - - . Comb. BKG
-.-. HF BKG -.-. HF BKG

10f=.
C ] 10F

.
-~
-,

- u '~ ~ ~
~ - -
. J‘. r -
.
~, o 1 ‘.- vy
- N,~ \,..‘ - . ' - B
. .
~ " ~
R T Y L . -
~, =
't
L

4.0 L
1 - -
1 15 I'|_|
rlll 1 |_I-h-I_L |_I | IJ_| TI 111 | | | | 1111 | 1111 | 1111 | 1111 | 111 1-J_II ‘_I l_l

2 25 3 35 4 45 5 5.5 6 2 25 3 3.5 4 4.5 5 5.5 6
Mass (GeV/c?) Mass (GeV/c?)

consists of HF continuum background and
mixed event background.

* HF continuum background is comparable with the mixed
event background within the mass cut window.
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Analysis strategy for the B to J/ ratio

measurement (Il1)

* Fit on DCA; in data to simultaneously determine the prompt J/
and J/ from B-meson decay yields and extract the B to J/{
fraction.

Raw Yields

(Data-Fit)/o

Santa Fe Jets and HF 2017

2012 510 GeV p+p collisions
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