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A tale told by hard probes in
high energy nuclear collisions

from PHENIX to sPHENIX and on toward the EIC
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Hard probes in p/A+p/A collisions

Incoming nuclei Collision Expanding Hadronic

: Medium final state RHIC @ last decade

EM Bosons
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Light hadron e N
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Hard probes in p/A+p/A collisions

Expanding Hadronic 2.4
Medium final state <

Incoming nuclei Collision

PHENIX Au+Au, \s,, =200 GeV, 0-10% most central
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Hard probes in e+p/A collisions
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Parton
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Parton
transport
parameter, § =

1.9 +/- 0.7 GeV2/fm
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RHIC : world only spin polarized p + p/A collider

<«—— Siberian Snakes

RHIC Siberian Snakes
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Single spin asymmetry, how about nuclear target?

Ap: Transverse spin asymmetry, 0(100 MeV /c) k; shift in the transverse momentum relative to the transverse spin
Ay in p + A: potentially sensitive to parton interaction of nuclear matter as decorrelation of spin and k;

PHENIX, PRD90, 012006 (2014)
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RPC3 & RPC3
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The nuclear dependence is visible!
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PHENIX, Phys. Rev. Lett. 123, 122001
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Data show significant nuclear dependence of Ay
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Discussion and interpretation

S.Benic and Y.Hatta, PRD99, 094012

» This is a surprising finding 0.035| .
o Hatta’s group calculated nuclear AN in 0.030 :\:p +p h
gluon saturation model, which L
suggested much weaker nuclear 0025r =777 "7~
dependence ool T
o Meanwhile, our momentum scale is = ors
much higher than saturation scale < U I
suggest new effect come into play 0.010 |
» Scattering of hard probe on 0.005 | — s (o
2?1 i —= MV (total)
cold/hot nuclear matter? Link with 00001 -2 v loun b+ Au
the transport of hard probe? | — MV (derivative)
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Heavy flavor : a rarer hard probe with unique prop.
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Why heavy quark?

» Produced via hard collision

» Probing the initial gluon field

» Experience full evolution of collision

» Measure the diffusion

» Differentially sensitive to collisional energy loss
» Keep identity during hadronization

1x bottom quark

@)
m, My Mg Agep me my MeV

|
1 10 102 103 104
Tc TQGP
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Heavy flavor detection in nuclear collisions

» Open HF hadron usually weak decay
to multiple leptonic/hadron final
states

» Finite life time
—> typical decay vertex ~ 0(100um)
from primary vertex

» Require high resolution vertex tracker
and high rate capability
— Driving detector design

Bnopxﬁz"au
NATI ON L LABORATORY

Secondary | //

OB RD, A,

Vertex

Lsp

QGP at
Primary /
Vertex |

(b-quark /"

/ Jet,
HF hadron

Jin Huang <jihuang@bnl.gov>

Wk Distance of

ﬁ 7

Closest
Approach
(DCA)

BNL Physics Colloquium

h

16



Forward silicon tracker at PHENIX

PHENIX, NIM. A755 (2014) 44-61
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Heavy quarks are produced via hard collision
-» cross section is calculable in perturbative theories
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Muon DCA,, (cm)

do/dy(pp — bb) (1b)

10

PHENIX, Phys. Rev. D 95, 092002 (2017)

In p+p (p+p) collisions

FONLL calculations 500 GeV p+p
—$— PHENIX extracted value 510 GeV p+p
—A~—— UA1 extrapolated value 630 GeV p+p

2 A1 0 1 2

3 4
B hadron y

19



Heavy quark production trace back to the initial
gluon field in nuclei
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PHENIX, Phys. Rev. C 96, 064901 (2017)
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Bottom shows mass effect, while RHIC data is scarce
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Relativistic Heavy lon Collider (RHIC)
View from this room + 2000 ft
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15 kHz MB trigger
10 GB/s data logging
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EMCAL
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' Vary momentum/angular
size of probe
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A
@ Core physics programs

Parton energy loss

Vary mass/momentum
of probe

9
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Upsilon spectroscopy
Vary size of the probe

: Vary temperature
|
Y(35)- of QCD matter
0.78fm Y(2s) -

0.56fm Y(1s) -

—.0.28fm
b b b b .
b b
1000 1S |
 p+p, 197 pb™
- signal only

800—
600;015 =83 = 1.2 MeV

400

200

LLLLLL T s W W .
7.5 8 8.5 9 95 10 105 11
invariant mass (GeV/c?) L
————————————————— -l — o e e e e e e e e e e e e o o e

Jin Huang <jihuang@bnl.gov> BNL Physics Colloquium 25



Hunting heavy flavor:
High precision vertex tracker

Diameter ~ 8 cm

Data Flex Cable Extended Power Flex

) Cooling tubes
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Cleanly separate open bottom meson via DCA

Prompt and non-prompt D-meson

L I I I I I 1 1 I 1 1 I 1 I
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Hunting heavy flavor:
High rate capability

Compact next generation TPC with streaming readout
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Broadening kinematic coverage with calorimetry

sPHENIX EMCal sector O sPHENIX outer HCal sectors

b — -
N

\ )\’
W
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\J

\

X\

A\
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sPHENIX bottom
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uark jet
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0.4

0.2

SPHENIX Simulation

PYTHIA-8 b-jet, Anti-k R=0.4, |n|<0.70, CTEQ6L
p+p: 50 pb™, 60% Eff., 40% Pur.

Au+Au: 140B col.. 40% Eff.. 40% Pur.

—&@— bjet R,,, Au+Au 0-10%C, |/s,,=200 GeV

¢ ¢ o

pQCD, Phys.Lett. B726 (2013) 251-256
\s\=200 GeV, b-jet R=0.4

gmed= 2.0
gmed= 29
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Bottom quark jet palrs - Enhanced sensitivity

Secondary /
Vertex /

Lap
QGP at ¢
Primary b-wx
Vertex G ol
D Distance of
_ Closest
b-jet Approach
(DCA)
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ff'

SPHENIX Simulation, PYTHIA-8 b-jet, Anti-k R=0.4
|r]12|<07 lA(p />2n/3, p, >15 GeVle, P ,>10 GeV/c
p+p: 200 pb’, 60% Eff. 40% Pur.

Au+Au: 240B col.. 40% Eff.. 40% Pur.

—@&— b-jet R,,, Au+Au 0-10%C, \s,,=200 GeV

IIIIIllIIIIII

Kang et al, PRD99, 034006 (2019), m=m, rad.+col.
—9 1.8
— g =2.0
— g =2.2

.

5 40 45 50 55 60 65 70 75
Di-jet invariant mass [GeV/c?]
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b-jet vs light jet - differentiating energy loss mech.

< T 11 L L L L L LI L
_ _ =L 14__ SPHENIX Simulation, PYTHIA-8 b-jet, Anti-k R=0.4 _
b/light ratio on RAA ~ - In, ,I<0.7, Mg, |>21/3, p_ >15 GeV/c, p. >10 GeV/e :
Partial exp. systematic %ff Jof p+p: 200 pb', 60% Eff., 40% Pur. i
uncert. cancelation —  Au+Au: 240B col.. 40% Eff.. 40% Pur. |
1 0: —@— bijet R,,, Au+Au 0-10%C, |s,,=200 GeV 7
B Kang et al, PRD99, 034006 (2019), m=m, rad.+col. _:
_af —g, 18 -
Coliisional Radiative 8 —g =20 -
energy loss energy loss i
E. 5 ; J@Q’%‘: 1-8 times mass effect! 6 -
. x2 effect vs 10% _
E +'.E ! E- AE N . t- ' 4 -
8 ! variationon g, 4! _
P S (medium) :
2 =
Unique region in the RHIC kine. %_I o v b v b v b by

@ max sensitivity to mass eff.

5 40 45 050 55 60 65 /0 75
\

)
f Di-jet invariant mass [GeV/c?]
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Flow signature
-» diffusion, pathlength dependence energy loss

B q
€
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Charm v, (via prompt D,

» v,: Geometry tilt of QGP
source x
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Challenge in p + p collisions for heavy flavor hadrons
Nt

SN, ISP &V
H\\",\-\ % ::;}l A ,"L':;“i;- .l' . .' |
--r..:.; % "f—.- . : Fll:ll III ¢
o\ L

B W ‘i:.‘h _ -|)~ & w-:f .

| “r; ¥y

» They are rare processes (1 in 10k collisions w/ a D° hadron detectable)

» In a traditional triggered experiment:
Difficult to trigger for hadronic decay of low p; heavy flavor hadron

> Nonetheless, if one would like to try:
SPHENIX ML open data https://github.com/sPHENIX-Collaboration/HFMLTrigger
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https://github.com/sPHENIX-Collaboration/HFMLTrigger
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BCO bin (100 ns)
Time What we write to disk: 20% data @ 200 Gbps
5 o0 : ————==—— Each seg. corresponding to a calorimeter trigger
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% 2000 | —
o [
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Extending streaming time window, a partial triggerless DAQ
- X 0(100) gain in statistics!

What we write to disk, 200 Gbps

o 4o 15kHz triggered events, 0.1% of all collisions

U 1 L 1 n 1 o T 1 1 1 T T mn

2 so00}- 7 1 0 | Bt T —

=3 I 1 1l

5 |

% 2000 | —

o !

o

1000 —

8

£ 0

© | 11 | Il | I I | | | I | I

w I | I — I 1 — L I/ — | | I I L - o

a

_10000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

BCO bin (100 ns)
Time + Streaming 10% of all collisions, 300Gbps

5" | 0% more data but X 0(100 — 1000) p o p events!

Q ¥ i i i i | T

= 3000 11 | I | | [N I I ]

2 I I 1 I

5

E" 2000 — —

O

o

= 1000 — —

&

& 0 11 | I | | (I | | |

b L L L L L L L L [ L

O

_10000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

BCO bin (100 ns)
Time

1
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Physics gain of SPHENIX streaming DAQ;
Recovering heavy flavor meson baseline

X qaf R E X | SPHENIX +streamingDAQ .
& el SPHENIX Simulation ; 1.8 AutAu |5, =200GeV, 14B 0-10%C g
QS 120 ‘ Au+AU | 5, =200 GeV, 1408 MB_] £ 1.6/ p+p ¥s=200GeV, 2008 M.B. -
~ =k ) . 0] B 0 . ) -
X i . T § D’ from B, Projection
‘(2' 1'__ _____ ~ “..\“ e SPHENIXMVTX proj. - S . E DO from B, Theories
=) - - . .« f = 1.2 § Prompt D° Projection
5§ 0.8 - > 2 1 —— Prompt D°, <Theory>
o - o 38 - . ——— Light hadron
= > 0.8 —
0'6: - PHSD ‘ . - * .
- BRI S - 0.6
0.4 Duke + + = % - H i i
g : £ odf ;
02_— CUJET ] 02} a
- AdS/CFT . - ]
B 1 1 1 1 1 L 1 l 1 1L 1 l 1 1 1 l 1 1 1 l B 0_\|\I‘I\I\|\II||||II‘I\|\|\I\I‘I\I\'\I\I'IIII'I\I\
% 7 4 6 g 10 b 1 2 3 4 5 6 7 8 9 10

- Transverse Momentum [GeV/c] YleIdAuAu/(meaw)AuAu Transverse Momentum, P, [GeV/c]
Yield,,,

BRODKHAUEN \
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Physics gain of sSPHENIX streaming DAQ;

Baseline for A, and charm hadronization

J. Wang, QM19

1.8

T

1.6
1.4
1.2
a1
:" 0.8

0.6

IIIIIIIIIlIIllllllllllllllll

B ALICE PbPb 5 TeV
Cent. 0-10%

@] STAR AuAu 200 GeV

Cent. 10-80%

STAR AuAu

IIlllllllllllllllllllllllIlllllllllllllllllllll_

B ALICE pp 5 TeV
lyl <0.5

4

llllIllllllllll|llllllllllllllll

BRIIPKﬁZ’EN
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8 10 12 14 16 18 20 22 24
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+

o

Production ratio, (A; A, )/(D

o
w 0 s

o — N
O . . v N »

[ 7T T 1 ‘ T T 1 | T T 1 ‘ T T 1 | T T 1 T T 1 T 11 ]
~  SPHENIX + streaming DAQ N
— p+Pp, {s=200GeV, 200B M.B. -
N ¢ p+p streaming upgrade. Projection 7
T — Pythia8, Color Reconnection -
- Pythia8, Monash Tune -
- ® sPHENIX Au+Au, 0-10%C, Projection -
- . E
‘_ ® .
B b N
B ® _
i ool i, . ]
: . l'."""' '"'"l‘ﬂ’lrr(.(:.;,.,,,,E
=  — 1 | I — : LT 1 1 i [ R T
1 2 3 4 5 6 7

8

Transverse Momentum, P, [GeV/c]
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Physics gain of sSPHENIX streaming DAQ;
Gluon dynamic via heavy flavor asymmetry, A,

» 200Billion M.B. p + p data record w/o trigger bias for future data mining
20.03
<

SPHENIX + streaming DAQ
p + p, ¥8=200GeV, 200B M.B., 57% Pol.

» e.g. DY Ay = Tri-gluon correlation

0.4 p+p — ut+X at \s =200 GeV| p+p — u™+X at s =200 GeV
0.3 PHENIX x:<0 + PHENIX x>0 -

R L B B

(3.4% scale uncertainty not shown)| (3.4% scale uncertainty not shown)

¢ D°+ D', Projection
Kang, 4, =A;=0
...................... Kang, &; = -A; = 70 MeV

le spin asym
_ .
T T 1 | T T | T T
—.—

ing

S
|
O
o
—

0.3 Twist-3 model 1 (D—p) + Twist-3 model 1 (D—pn)
------ Twist-3 model 2 (D—p) ------ Twist-3 model 2 (D—y)
0.4 \ | | | | |
"1 2 3 4 2 3 4 5
P, (GeVlc) P (GeVi/c)
PHENIX,PhysRevDQSllZOOl _0-03 b b b b b b b b by g

0 05 1 15 2 25 3 35 4 45 5
Transverse Momentum, P, [GeV/c]
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RHIC transition to the EIC  eruicpre-cor eic design study

https://wiki.bnl.gov/eic/upload/EIC.Design.Study.pdf

Electrons ol
e : . Elettron Gool Polafized
ectron Cooler olarize
IR10 \
e e e Electron
Ll Polarimeters 41 GeV Arc - Source
IR2 \ * Injector
Linac
Possible Detector
Location lon T £
Possible Detector etk
. Electron Storage Line
Location .
— Ring
R — . IR4
Electron loARin
Injector (RCS) ?

Highly polarized electron and nucleon beams, lon
beams from D-> U or Pb.

» Hadrons up to 275 GeV, Electrons up to 18 GeV .
< » Vs =20 GeV -141 GeV, supporting two IPs
» High luminosity 103*cm2s™! (> 100x HERA luminosity)

(Polarized)
lon Source
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https://wiki.bnl.gov/eic/upload/EIC.Design.Study.pdf

E I C phySiCS at a gla nCE [EIC white paper, EIC assessment by NAS]

» How are the sea quarks and gluons, and their spins, distributed in space and
momentum inside the nucleon? How does the mass of the nucleon arise?

» How does the nuclear environment affect the distribution of quarks and
gluons and their interactions in nuclei?

» Many EIC physics process are trigger-able with traditional DAQ, e.g. HFine + A

18E Vs =31.6-89.4 GeV
Q° =10 GeV?

E.C. Aschenauer et. al.
arXiv:1708.01527

EPPS16*

EPPS16* + EIC (inclusive only)

OO EPPS16* + EIC (inclusive + charm)

Red. factor

BRO MAUEN
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Physics Opportunities w/ streaming DAQ @ EIC

» Full statistics

» Systematics control w/o hardware trigger bias

» Diverse events topologies @ EIC for future analysis
> For example, flow signature search in e + p/A over broad Q?

ZEUS Preliminary

< -, {s=318 GeV, 366 pb"' |An|>
° 0151 Q? > 5 GeV? [eJo.0
- 0.1<p_<50GeVic [s]05
— [r— -1.5<T‘|<2.0 E10
T Mo .
0.1 ~ ||| 1.5
il [eJ20
- ™ [ J
0.05 — = °
- (o] o Ll
B LM_EE. Slejee[e/e(e|e (%1 o
mRR=Ei BT
0 — ﬁn!.-.! 81816109 -8-1 -§--
[ P T l Ll R - —
0 5 10 15 20 25
N

Bno}mﬁz’m
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Figure & quoting from Baty/ZEUS 152019

« 2{2} <0.01 at Nen=15

« implies v2< 0.1

« Room for small v2 signal
 Need more statistics
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EIC: unique collider
- unique real-time system challenges

Collision species e+p,e+A p+p/A,A+A p+p/AA+A
Top x-N C.M. energy 140 GeV 510 GeV 13 TeV

Bunch spacing 10 ns 100 ns 25 ns

Peak x-N luminosity 1034 cm2 st 1032 cm2 st 1034 > 10> cm? st
x-N cross section 50 pub 40 mb 80 mb

Top collision rate 500 kHz 10 MHz 1-6 GHz

dN,/dn in p+p/e+p 0.1-Few

» EIC luminosity is high, but collision cross section is small (< ag,?) = low collision rate
» But events are precious and have diverse topology = hard to trigger on all process
» Background and systematic control is crucial - avoiding a trigger bias

nnnpxﬁam
NATIO_N- L LABORATORY
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Strategy for an EIC real-time system oro 1002

» For the signal data rate from EIC (100 Gbps), we can aim for filtering-out and
streaming all collision in raw data without a hardware-based global triggering

» New DAQ paradigm:

. . Exp. HaII: Timing
streaming and triggerless DAQ T
o Full streaming readout front-end FEE |+,
(buffer length : us) FEE <] |
> - DAQ interface to commodity [
computing (e.g. ATLAS/sPHENIX FELIX) e e ok | e
o —> Disk/tape storage of streaming \DAQ room
time-framed zero-suppressed raw data
(buffer |ength . S) — Analog —Digital — Clock/Sync, Slow control

o —> Collision event tagging in offline production
(latency : days)

Bnnpxﬁlsu
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Streaming readout at BNL and towards EIC

* Interdisciplinary BNL development: PHENIX, STAR, ATLAS, Instrumentation, CAD, NSLS Il

e EIC application supported by LDRD 19-028

e Large scale application in sSPHENIX and CBM, in eval for DUNE, PUMA, nEXO

Precision timing digitizer
DRS4GIO (SBIR/LDRD)

Generic stream digitizer MVTX RU, 200M ch INTT ROC, 400k ch
RFSoC ZCU111 (LDRD) ALPIDE (ALICE/sPHENIX), FPHX (PHENIX)

SRUUKHRIN
NATIONAL LABORATORY

Exp. HaII:

FEE

FEE

FEE

FEE

48x 10-Gbps bi-directional |

<A

<
<
<

optical links per FELIX |

P

Timing [«

= i =

Global

Timing

Module

(NSLS 11/sPHENIX)

TPC FEE, 160k ch  BNL-712 / FELIX v2 x48 (ATLAS/sPHENIX)
SAMPA (ALICE/sPHENIX)
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Summary

» A tale of connections between hot and cold
QCD studies, in physics pursuit of QCD matter
and in next-gen instrumentation

» Novel use of spin tools to study hard probe
transport in cold nuclear matter

» SPHENIX is being constructed to bring
precision bottom observables to RHIC

» Streaming detectors and triggerless DAQ
promise to transform both sPHENIX and EIC
experiments with unique physics gains

Bnnykﬁzlsu
NATIONAL LABORATORY Jin Huang <jihuang@bnl.gov> BNL Physics Colloquium 47




Reconstructed di-b-jet in sSPHENIX tracker
p + p,+/s = 200 GeV
BROOKHIVEN
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1.2

0.8

0.6

0.4

0.2

PHENIX, Phys. Rev. C 87, 034904 (2013)

| ﬁﬁ

® d+Au |y|<0.35
O  d+Au 1|.2 <y< |2.2

B d+Au -22<y<-1.2

@
10 12 14
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BBMEN
NATION

16
NCO"

0.04 |- I
e Jhy
= 003 DY (LHCF.)
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3 i (NA10)
& - SIDIS Ju Y Jy
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> @ Em) e @ I
) (RHIC B.)
0.01 I [ ]
ol
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PHENIX STAR comparison

S.Benic and Y.Hatta, PRD99, 094012, STAR preliminary

PHENIX STAR T - — ey | o2
0.03 0.06 ——— p+pMV’ 0.10
(Preliminary) | (Preliminary) L
h+ 10 ;ﬁ ] RSN =
0.00 * - 0-0’ * * ; 0.02 * * = ¢
1.4<n<2.4 2.6<1n<4.0 %02 § bineSTARmmay | 000| X =03 R
20 P‘f.(Sch) 30 35 2 P:l (GeV) 4 : 2 3 - ((;cv) 5 6
0.1<x;<02  0.2<x4<0.7 o
0.12 0.150
1.8<p‘|’<7 1.5<p‘|‘<7 Zow.‘ 2017-’ S Zo.ls_‘
< 0.08 [ <¢ 0.100 FEENG < i
AN AN (aImOSt) z: :oms(s) 0.05
suppressed not modified wos o
4”5; (GeV) ’ ‘ : 3 1’: (GCV; ’ 7

1
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Dihadron correlation for

» Dihadron p_,. More direct observing multiple scattering of quark in nuclear
matter

':G 0085! T T T T T T T T T T T T —]
> E Sy = 200 GeV

[} - NNi 0.1<x.<0.15 —

o ~0.07E 5<plTrg<g GeVic 0 0.1<x<0.1
2o 006 et -

i 42 E o
R 005 ~ =
p asSSOC = PH ENIX HI

. . — preliminary N —
| Pr 004 o ? :
0.03 I 3
e T T PT T Y S 0.025 3 =
. 0.01- =
~trig sl - E
tr]g o 0. o, | ©. 00008 L Yeele. e, m | o8
T :CE X p -6 -4 -2 4 6
T p,[GeVic]

PHENIX, Phys.Rev. D98 (2018) no.7, 072004, Phys.Rev. C99 (2019) no.4, 044912
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Data consistent with linear broadening

';G 008? T T T T T T T T T T T T T |A T T T T T T T li
> = sy = 200 GeV priveTe ]
o 0.07 trig ® 0 0.1<x<0.15 —
= _ E 5<p, <9 GeVic 2 3
%%"o.oe} %"mq;c— p@ P+P —
£ E o ml-h* =
Z 0. 05? : / 3
C —~—— [ -
PH ENIX A 7
0.04— preliminary o —]
0.035 3
0.02F 3
0.01 =
D:— 0, | e ele® Po0i0.0. @ | o =
-6 -4 -2 0 4 6
P [GeV/c]

p+AofN_,; =1also

Bnopxﬁz"au
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consistent withp + p

o 02
'S
>
&
= 0.15
3
~ 0.1
<
270.05

I ' |

syn=200 GeV
5<p”'9<9 GeVic
27I<A¢<4TC

TN
PH:--ENIX
preliminary

° p+AI O 15<x <0 25
¢ p+Au 0. 15<x <0 25
o p+AIl 0. 25<x <05
o p+Au 0. 25<x <0 5

........... ORIPRIS iy
+0.005(1)N_ + 0.002(6)
pA) —0.015(5)N_ ~0.02(2) -
| L | | I ! | I
2 4 ° 8 10
NCoII
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b-jet detection

BRDOKlﬁZIEN

NATIONAL LABORATORY

QGP at ™™

Brim ary ;/./'b-qu;\ rk

Vertex \

b-jet

or photon

Jin Huang <jihuang@bnl.gov>

Secondary
Vertex /

\/ b-quark /" vad
D Distance of

Closest
Approach

' B-hadron (DCA)

Capturing the Inner Beauty of QGP

54



b-jet detection

> 1_ I I | I I I | I I I | I I I | I I I | _]
’_;_E_) 0 95 SPHENIX simulation  Tryth Jet, pr> 20 GeV .
o ~E Pythia8 p+p 200 GeV  sPHENIX GEANT4 tracking =
® 0.8F MVTX+T+TPC 3 .
Q - Large DCA methods: S Secondary__r
0.7F - < Vertex
- — one track cut 7
0.6 — two track cut = \ L
— _ 3D
- — three track cut ]
0.5 = — W/O MVTX = S
C . QGP at b - I\
~ N . £ D-quark /
0.4 E Primary [~
0.3 = Vertex \ /2 |
OF . / b-quark , -
0 2_ ...~ Distance of
2 . Closest
- IV'V““"-"""‘ - / bjet Approach
0. 1:— E ~ B-hadron (DCA)
0t 1 : " or photon
0) 0.2 0.4 0.6 0.8 1 |

b-jet efficiency Natural abundance < 1% }
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b-jet tagging @ sPHENIX

» Demonstrate b-jet capability: tagging algorithms
evaluated using full detector HI simulation

» Reaching a promising working point in central
Au+Au collisions

Track countmg tagger

Secondary vertex tagger

— two track cut
— three track cut

0.3
0.2
0.1

o
—

> T T | I e BN .
= E = F SPHENIX Simulation 3
3_ 09; SPHENIX simulation S_ 0. 95 b Phythia8 p+p Embed to 0-4 fm Hijing AutAu, |5, =200 GeV -
ol 0 8:— PYTHIA 8 MB jet Embed to 0-4fm Hijing Au+Au o 0 85 Truh et p_»20 GeVie, <06, [2<10 cm =
L F Truth Jet, pr> 20 GeV a MVTXANTT+TPC ]
-Q - - - -
0.7+ SPHENIX GEANTA tracking 0.7t D Nasornen2 P05 Gele =
0.6F MVTXHT+TPC 0.6 —— No SV mass cut *;
053_ Large DCA methods: 05 f_ """ 8V mass>2.5 GeVl’ _f

F — one track cut o B

0.3 E
0.2F E

=
-

02 04 06 08

b-jet efficiency b-jet efficiency

PATE Do
AR O_NMT ! [ cMs work-point, Phys. Rev. Lett. 113, 132301 (2014)

Covaoa v bovna b b b d
00 0.1020304 0506 07 08 09 1

Events / 0.2 GeV/c?
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Primary lﬁl/
Vertex 3 L )
c('u‘“ Distance of
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b-jet Approach
/% Brhadron (DCA)
" or photon

Secondary -vertex mass

: sPHENlX S|mu|at|on
200 Pythia8 MB p+p (s=200 GeV —
[ Truth jet, p,>20 GeVic ]
L At c jet work point ]
1501 [ tight jet B
[ - c jet ]
— o et ]
100~ =
S0 n
6

3 4 5
Corrected SV mass [GeVlcz]
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Then it may looks like this

Timing/

Trigger

Slow control/-
Clock SDCC
INTT EBDC
— N — —_— — — -
Ladder x56 3 > x8 Box Tape
- " Data PCle 10 Gbps
373ksilicon strips fiber Gen3x16 Ethernet

On Detector | DAQ
Relatively low-load commodity server

@ ~0.1 Gbps << TPC

Bnnpxﬁlsu
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- Streaming DAQ for sPHENIX trackers

- Trigger/Timing }

Y

-

Calorimeters ——>  ADC — > "DEM Il " SEB -

Calorimefers: Triggered DAQ

N

Ethernet “Buffer
Switch Box *l
SDCC

sPHENIX tracking system
Z
—

MVTX
N
Trackers: Streaming DAQ

Experimental hall . DAQ room

See also DAQ talk, M. Purschke

Jin Huang <jihuang@bnl.gov> BNL Physics Colloquium
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Observables - x500 improvement

Bnn}mﬁz’m
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Physics reach

Year-2

in current setup

Data recorded 1k Hz M.B. trigger with
2x10* of M.B. collisions
triggered

Statistics 0.4 Billion M.B. events
0.01 pb recorded

B - D% > K 250 events

D° - 1K pair 250 events

A, - nKp 500 events

Prompt D°>nK 75k events

\

Year -2 Year -2+4

w/ Streaming tracker |w/ Streaming
tracker

10% M.B. events streaming recorded

200 Billion M.B. events 800 Billion M.B.

5 pb! recorded events
20 pb recorded
120k events 500k events

Reference in R,, for B->D°

120k events. 500k events
Diffusion of c-quarks in angular space
250k events. 1M events

Charm hadronization in p+p; reference for
A+ A
40 Million events. 150 Million events

Pinging down tri-gluon correlation via single
spin asymmetry
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A conservative working point

nnnpxﬁam
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500

o
o
o

w
o
o

TPC peak disk data rate [Gbps]

Peak TPC data rate in sPHENIX streaming operation, p+p collisions, 200 GeV
I I I I I I ] | I

Working point
10% collisions
288Gbps

=== Default
=== Default w/ clustering
PP ke Default w/ tracking filter

*==+Default w/ 3-mrad beam crossing

— 300 Gbps - peak rate in Au+Au

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Recorded MB Collision / Delivered
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