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Abstract

Recent data from RHIC and LHC show that R,, and v, of charm hadrons are very similar to that of
light and strangeness hadrons. The R,, of bottom decay daughters at low p; seems to be less

suppressed than that of light and charm hadrons, suggesting a mass suppression hierarchy. Precision
open bottom measurements over a broad momentum range are needed for a detailed understanding
of parton energy loss mechanisms and to characterize the transport properties of the strongly coupled
QGP medium. The sPHENIX detector at BNLs Relativistic Heavy lon Collider (RHIC) will have extensive
capabilities for jet and Upsilon measurements. A fast MAPS-based silicon vertex detector (MVTX) is
proposed to greatly enhance the heavy flavor detection capabilities of sPHENIX. We will present
physics simulation studies on the open bottom measurements within the full sPHENIX tracking
environment including the MVTX detector. Open bottom reconstruction has been explored via the
inclusive non-prompt DO daughters and the full exclusive reconstruction of . Statistical projections on
the nuclear modification factor and the elliptic flow measurements will be presented.

Physics: Heavy Flavor Measurements

Heavy quarks to probe QGP

Heavy Flavor hadrons have unique decay topology

Precision vertex tracker + good momentum resolution + high rate
Precision charm/bottom observables over wide scales

Jet Measurements B— D'+ X

Secondary /

Vertex / A N
O s N\
T -
I—3D / o i “ .0' v
', A . Ry Y Daughter
1 . Sy 8 ’
" - . - -
' . *
quark ; % ’0.
{ . R
,' . ..

at pair DCA

. b- g
Primary /1_/
Vertex $ S

b-quark
% Distance of

Closest - \
, b-jet Approach
/ ’ ' B-hadron (DCA) s e
: or photon -l " KDCA
- Uk

Primary Vertex

Decay length

1 I 1 1 1 I 1 I I I I I 1 1 1 I 1 1 I I I I I
SPHENIX Simulation

Au+Au \s,,=200 GeV, 240B MB

— B-meson D-meson

1 1 1 I 1 1 1 I 1 1
SPHENIX Simulation
Au+Au \jsNN=200 GeV, 240B MB

I

-@- D’ from B P —— B-meson (m_scaling

-8~ D-meson oD

R¢p (0-10%/60-80%)

@ B I I I I I | @ B 1 I 1 1 1 I 1 1 I I I I I I I I I I I |
:oo 1.4 sPHENIX Simulation 7 é 0.2~  sPHENIX Simulation =
S 1ol Tt AutAu [§5=200 GeV, 2408 MB = [ AutAu |5,,=200 GeV, 2408 MB -
3 - - 015 @ SPHENIX MVTX proj. ~
°© L. e SPHENIX MVTX proj. > o Duke ;
S F T e } A -
S 0.6 — - B
o0 - ) - - AdS/CFT -
0.6 __ ..... PHSD ....... ....-,...'..___ - 0-05 __ ]
L TTYE e * A :
04f —Duke T B -
[ e TAMU - O
0.2:— """""" CUJET —: -
O: ] AldSI/CFI:Tl | IR TR TR AN TR S S T | : _0'05__
0 2 4 6 8 10
Transverse Momentum [GeV/c] Transverse Momentum [GeV/c]
Precision open bottom R and v, measurements
. =  02F T T T T T T
through non-prompt DO (i.e. B = D9) from 2 - 10 @ S
GeV/ > 0.18 SPHENIX Simulation
ev/c g 0.16 Au+Au |sy, =200 GeV
- parton energy loss ER S4B 0100

bin

- heavy quark diffusion coefficient
Full reconstruction of B* meson through
exclusive decay channel

- Constrain total B+ cross section 0.06
Precision measurements of charm baryons 0.04

- Heavy quark hadronization 002
Ongoing study on sPHENIX upgrade to enable 6 1+ 2 3 4 5 6 7 8
precision measurements of B*, A, prompt and non-
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MVTX detector in SPHENIX

SPHENIX is a next generation high speed multipurpose detector focused on jet, Upsilon and open
heavy flavor programs.

MVTX - MAPS vertex detector for precise secondary vertex measurement
« Next generation fast Monolithic Active Pixel Sensor.

« Integration time <10us.

o Thin detector material-0.3%X,.

MVTX simulation
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Event display of tracks in TPC+INTT+MVTX.
Simulation and reconstruction of MVTX in sSPHENIX
software

A charged track goes through the sensor in a layer
of MVTX.

Divide the step in sensor into N segments.

Charge diffusion radius ranges from R_min (8 um)
to R_max (25 pm)

Calculate the overlapping area of circle with

pixels to distribute energy deposit in the segment.

Sum up all segments to get the total energy
deposit on each pixel.

Simulation Tuning with Test Beam Data Nogap  z29.24 um

Cluster size distribution of MVTX hits in simulation and test beam (120 GeV protons @
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/ ’ - Summary

Heavy flavor physics program at RHIC 2023-2025+
- One of the four physics pillars for SPHENIX (in addition to Jets, Upsilons,and cold QCD)
- Precision open bottom measurements over a broad momentum range

- Precision measurements of charm baryons

MVTX detector upgrade is important for heavy flavor measurements at SPHENIX
- Interaction of tracks with MVTX detector has been simulated
- The MVTX prototype beam test data are being used to tune the MC simulation




