System design considerations
for EIC detectors

Outline: ® Design studies @ Software ® DAQ interface
Mainly based upon EIC detector design study: sPH-cQCD-2018-001

Jin Huang (BNL)



https://indico.bnl.gov/event/5283/
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References reports :
e ePHENIX LOI: arXiv:1402.1209

* eRHIC design report, preCDR: arXiv:1409.1633

*  MEIC (JLEIC) design summary: arXiv:1504.07961
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sPHENIX-based EIC detector

2018 update: sPH-cQCD-2018-001 https://indico.bnl.gov/event/5283/

* Proton 275 GeV/c
Polarized
* lon 100 GeV/c/nucleon

e 10 GeV/c
Polarized

Bl Solenoid Bl Flux return Bl Central tracking
Bl Electromagnetic calorimeter Il Forward tracking
Bl Hadron calorimeter Il Particle ID
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Tracking and PID detectors

e-going GEMs TPC DIRC h-going GEMs ] gas RICH Aerogel RICH
-4.0<n<-1 -1<n<+1 | -1<n<+1 1<n<2 1<n<4 1<n<?2

Geant4 model of detectors
inside field region

Space for
Aerogel RICH
-3<n<-1 ‘ ‘
Fringe field 1.4 T main field Fringe field

Tracking, with precision displaced vertex in |n|<2
Calorimeters (H-Cal cover n > -1)

AeroGel&Gas RICHs

TPC+DIRC

JTOF .

+AeroGel RICH
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Evolving upgrade concepts

Letter of Intent for Forward
Instrumentation at sSPHENIX

g"f';vv;-?y'b/_\/‘
~<PH “ENIX

An Upgrade Proposal from the PHENIX Collaboration
2

PHAENIX|

The sPHENIX Collaboration
June 1, 2017

To RHIC PAC 2017

arXiv:1501.06197
CD-1 approval
Successful PD2/3 review

=
¢PH-<ENIX

AlLetier of Intent from the PHENIX Collaboration

“Update: sPH-cQCD-2018-001
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eRD14 in sPHENIX, fsPHENIX, sPHENIX-EIC

htemp
Entres o5

Barrel TOF
See also, talk M. Chui

Not shown here:

e-going & h-going mRHIC implemented by Xu

Forward mRHIC
See also, talk X. He, X. Sun

gas RICH modeled with eRD6 HBD-RICH prototype, see talk S. Torre, K. Dehmelt
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sPHENIX-EIC simulation reconstruction
framework

https://github.com/sPHENIX-Collaboration/macros

» Fun4All: single frameworks integrating simulation and reconstruction
o Built for collider experiments from simulation to reco and analysis

o Regularly processing PBs of data and billions-of-particle simulation and analysis
in sSPHENIX studies

» Add your module

o For example, it would be easy to port over the DIRC G4 simulation
o Then you can utilize the full detector reconstruction

Numerical estimation in design stage - Full G4 + Kalman filter reco and vertexing

Momentum Resoclution at high momentum limit

Jin Huang <jhuang@bnl.gov>
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https://github.com/sPHENIX-Collaboration/macros

Distribution of sPHENIX-EIC simulation

» Now the sPHENIX software + tool set available via
singularity container

» Distributed via CVMFS to computing centers
» And available for download to use on laptop
» Daily updates and validations

https://github.com/sPHENIX-Collaboration/Singularity

Singularity container for sPHENIX

Singularity container for sSPHENIX allow collaborators to run sPHENIX RCF/SDCC environment with sPHENIX nightly builds on
your local computers or on external high-performance computing clusters.

This repository includes the instruction and local update macro for the sSPHEMIX Singularity container.

Validations: updatebuild.sh --build=new , --build=roots

Bnopxﬁm
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https://github.com/sPHENIX-Collaboration/Singularity

= e
a l Iy QA ‘ h e C k https://github.com/sPHENIX-Collaboration/coresoftware/pulls?q=is%3Apr+is%3Aclosed

¥ Accumulated fixes to get the TPC prototype simulation going v | Cl-DST-readback-PASS
Cl-build-clang-PASS  Cl-build-new-PASS Cl-build-root5-PASS  Cl-calo-QA-AVAILABLE
Cl-cpp-check-AVAILABLE  Cl-valgrind-AVAILABLE

» SPHENIX Continuous Integration s e | |
automatically check every Pull e
Request and daily builds gtk vk s ORSS s csass

» It will be useful to have such i ot g

. . B undo revert X
validation for PID detectors too G AR
#667 by bogui3t was merged 5 days ago
o e o g . Ca | O rI m ete r I S C h e C k fro m G 4_ I remove g4hough remnants X CI-DST-readback-PASS | Cl-build-clang-PASS
. . . CI—huiId-rootS—FAIL Cl-calo-QA-AVAILABLE Cl-cpp-check-AVAILABLE CI-vaIgrind-FAIL
baSICs to Jet re Constructlon #666 bi*imkenburiwas meﬁed '\Sdaisaﬁo
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Radiation considerations

For discussion of relative radiation only. Absolute value need double check, consider very tentative

SPHENIX-EIC Simulation, Collision only, e+p, 20+250 GeV/c, eRHIC Pythia6
Total energy deposmon [MeV] for 10 fbA 1 colllsmn-orlglnated fluence only
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SPHENIX-EIC Simulation, Gollision only, e+p, 20+250 GeV/c, eRHIC Pythiab
Min-1-MeV Charged particle fluence [N_/ecm?] for 10 fb”-1, collision-originated fluence only
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Magnetic field considerations

» Had a long talk on magnetic field optimization for tracking+RICHs in eRD14...

» Gas RICH photo sensor near field coil, which could experience strong and
varying-direction field

» mRHIC is further away and could be aligned to the field direction

» Field sensitivity studies see Talk Y. llieva
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EIC: unique collider
-> unique real-time 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 2-10 ns 100 ns 25 ns

Peak x-N luminosity 1034 cm2s? 1032 cm2 st 1034 - 103 cm? st
x-N cross section 50 ub 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 has lower collision rate and event size is small = signal data rate is low
» But events are precious and have diverse topology
» EIC luminosity is high, so background and systematic control is key

Bnoomﬁ{nsu
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Rate in Geant4 full detector simulation
Sum collision + beam gas

sPH-cQCD-2018-001: https://indico.bnl.gov/event/5283/ /Simulation: https://github.com/sPHENIX-Collaboration/singularity

e+p DIS 18+275 GeV/c
Q2 ~ 100 (GeV/c)?

Beam gas event
p+p, 275 GeV/c
at z=-4 m

BHBMEN
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GEANTA4-based detector simulation for
DAQ simulation: tracker for example

sPH-cQCD-2018-001, https://indico.bnl.gov/event/5283/

Extract mean value/collision that produces average signal data rate
and tails that produce the buffer depth and latency requirements

S 105 ? T T T | T T T ‘ T T T T ‘ T T T T | T T T | T T T ‘ T T T ‘ T T T T T TT ‘ TTTT TT 1T TTTT LI UL UL T T 7T I:
< ! . ]
= L EIC-sPHENIX Simualtion Average TPC cluster / event = 93.3 Average GEM hit / event = 27.3
g 10°k e+p, 20+250 GeV/c, |s,,=140 GeV |
R Average MAPS hit/ event = 9.8 h i
A |
10°= ]
C ’ 4
107 ;
10 :
1:_I L ‘ L 1 1 1 | 1 1 | 1 1 1 | | 1 1 ‘ JI'H‘”' ‘ IE 111 I‘ | | |I 111 L1 |‘|H| ‘ | | E
0 150 20 200 400 600 800 100 50 100 150 200 250 300 350 400
# of MAPS vertex tracker hit per event # of TPC hit per event Total GEM hit per event (E>0.1 keV)
Raw data: 16 bit / MAPS hit  Raw data: 3x5 10 bit / TPC hit
3x10 signal hit / collision - 0.2 Gbps @103 cm2st + headers (60 bits)

* MAPS is vulnerable to beam background see later slides
* ALPIDE MAPS noise are low,
expect 10 /pixel/strobe, 200M pixel, 3us strobe - ~1Gbps

Raw data: 3x5 10 bit / GEM hit
+ headers (60 bits)

Bnogxﬁzmu
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https://indico.bnl.gov/event/5283/

Rate in Geant4 full detector simulation
Sum collision + beam gas

sPH-cQCD-2018-001: https://indico.bnl.gov/event/5283/ , Simulation: https://github.com/sPHENIX-Collaboration/singularity

» Tracker + Calo signal ~ 40 Gbps @ 103* cm2 s1 < sPHENIX peak disk rate

» Vac profile based on HERA experience (10-9 mbar) - Overall ~ 1 Gbps @
12kHz beam gas interaction, << EIC collision signal data rate

» Be great to include PID detectors too

-
B

I
EIC-sPHENIX simulation
|[Ie+p, s =140 GeV, L=10** cm2 s™
Signal rate for tracker + calorimeter = 40 Gbps

-
N

-
o

_-p + p(beam gas), 250 GeV/c, |z|<450 cm
I(p)=1A, Vac = 10 mbar, Gas event @ 12 kHz
Beam gas bgd rate for tracker + calorimeter = 1 Gbps
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I
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MAPS noise

N

Average signal data rate per subsystem (Gbps)

o

C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem
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Strategy for an EIC real-time system

Exp. Hall : DAQ room
1 SPHENIX capable to O(20 Thps). SPHENIX capable to
1 Using about 10% b.w. 0(100 Gbps)
I FEE, Buffer At ~ us : DAQ,, Buffer At~ s Storage
. ., . \ Iy
Bieticc o Digitizer > ASIC/FPGAI : i DAQ Interface —>- _

. * T
\_|0(100prs) oo 4+ —
+ Trigger? |« Timing

Analog —Digital — Clock/Sync, Slow control

» 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
o Diversity of EIC event topology = streaming DAQ enables expected and unexpected physics
o Streaming minimizing systematics by avoiding hardware trigger decision, keeping background and history
o At 500kHz event rate, multi-ps-integration detectors would require streaming, e.g. TPC, MAPS

» Requirement

o All front-end to continuously digitize data or self-triggering
e.g. PHENIX FVTX, STAR eTOF, all sPHENIX trackers, any many prototypes in this workshop
o Reliably synchronize all front-ends and identify faults
o Recording all collision data (100 Gbps if raw)
o If needed, filtering out background with low signal loss (104?)

o Requiring reliable data flow = control systematics:
Low data loss rate < 104(?) and/or loss in a deterministic manor

Bnoplm/nam
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Streaming DAQ enables expected and
unexpected physics. Example:

» In 2016, surprising evidence of collectivity in p+p collisions [CMS, PLB 2016]

» Inspired search of QGP signatures in even smaller system, in e+p [ZEUS, QM 18], and e+e
systems [MOD, arXiv 1906.00489]

» As HERA data is limited by statistics and the available trigger at that time, such search could
be naturally conducted at EIC e+p/A

» Key requirement is to collect large amount of high multiplicity events with minimal
triggering acceptance bias, including low Q2 and diffractive events

» In LHC, such data are collected with streaming/local-triggered front-end + HLT of high N,
events

» In EIC, processing low-Q2 events naturally leads to streaming readout DAQ

ZEUS Preliminary

& o1 C e :;1;;:158(;?\9/\;’ 366 pb” &lnllfo Figures/discussion courtesy Baty 1S2019, ZEUS QM 18
£ | L 01<p_<50GeVic [¢]0.5
. 15<1<20 o110
r L]
01+
- "He El;g e ¢2{2} <0.01 at Neh= 15
0.05 I g * impliesv2<0.1
- = ,,S“ﬁ:{jgﬁ il .  Room for small v2 signal
SRR RSN L0 |--§ - * Need more statistics
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SPHENIX-EIC concept g, -t

<
I
_ FEE |41
I
DAQ strategy |
I
FEE [+
ss e I
sPH-cQCD-2018-001 48x 10-Gbps bi-directional :
https://indico.bnl.gov/event/5283/ opticallinks per FELIX —
: Timing

» Full streaming readout front-end (buffer length : us)
- DAQ interface to commodity computing via PCle-based FPGA cards (e.g. FELIX)
— Disk/tape storage of streaming time-framed zero-suppressed raw data (buffer length : s)
— Collision event tagging in offline production (latency : days)

» Why time-framed streaming readout?

o Diversity of EIC event topology. Streaming minimizing systematics by avoiding hardware trigger decision, keeping
background and history

o At 500kHz event rate, multi-us-integration detectors would require streaming, e.g. TPC, MAPS
» Why FELIX-like DAQ interface?
o Deterministic transmission from FEE up to server memory, buffering and busy generation
o 0.5 Thps x bi-direction 10, bridging us-level FEE buffer length with ms+ DAQ network time scale
o Interface with commodity computing via PCle @ ~100Gbps
o Distribute experiment timing and synchronization cross large system
o Similar architecture have wide support in 2020+ for high throughput DAQ e.g. ATLAS, ALICE, LHCb, CBM, Proto-DUNE
» Why keep raw data?
o EIC collision signal @ 100 Gbps < sPHENIX disk rate, it is affordable to disk-write all raw signal data
o Allow time + special run needed for final calibration, followed by prompt reconstruction
e Filter out noise if needed

BHBMEN
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Global Timing Module
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Streaming DAQ of
sPHENIX trackers
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Test stands: SAMPA for GEM trackers
Cosmic throug‘h mini-TPC test stand
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Recent test beam in June 2019

120 GeV proton beam
Accumulated clusters on tracks

—15K

[
o o

Track finding

im_qthIDirection
Q [¢6; B e)

By 5—:1:; .J-“‘g 1
. 607 «\\
Simulated track in Geant4 pad/q55
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2019 TPC Beam Test Preview

¢ Scan2: Gap 300V, GEM 370V

250

{(89.4 um)? + (150 pm/ fom VL1196
.. Field = 1.4T, 0, 0 oo = 40 pm/om

Kalman-filter fit
And resolution

200

+ Scan3: Gap 150V, GEM 380V

{(91.0 um)? + (150 pm/ fom V720 0F
- Field = 1.4T, 61 o0 =40 um/em

150

passm sttt
aars oot enist

samarise?
sarpstese e a
-

Resolution, Cluster w/ 2+ pad [um]

ST —
BROOKHAVEN S 20 a0 80 80 100 120

NATIONAL KRR Jin Huang <jhuang@bnl.g Drift Length, L [cm]



Electronics considerations for PID

» Streaming FEE choices
o Continuous digitizing ADC (e.g. SAMPA, various calorimeter fADC)

> Analog memory cells w/ self trigger (e.g. DRS4GLO,
TargetX/SiREAD?, MAROC??)
o Leading + trailing edge TDC (e.g. TOFPET, HADES FPGA TDC)

» Sync and distribution of clock

SPHENIX 256-ch SAMPA FEE DRS4GLO HADES RICH TDC backplane
Applicable to MPGD Photon det.

Bnopml/nzlm
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Electronics considerations for PID

» With eRD14: it would be very useful to include actual PID
detector rate in this study too.

» In streaming mode, detector noise are sensitive issue
o e.g. Radiation damage of SiPM would be important

~

[
EIC-sPHENIX simulation
| |[Ile+p, s =140 GeV, L = 10%* cm™? s
Signal rate for tracker + calorimeter = 40 Gbps

—
N

—
o

_-p + p(beam gas), 250 GeV/c, |z|<450 cm
I(p)=1A, Vac = 10" mbar, Gas event @ 12 kHz
Beam gas bgd rate for tracker + calorimeter = 1 Gbps

co
I

o
|

B~
\

MAPS noise

Average signal data rate per subsystem (Gbps)

C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem
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Ongoing R&D, BNL LDRD 19-026:
Common development for Advanced DAQ

BELLE-II 21-cm digital interferometer ]
-

fWe could support B

streaming DAQ integration
R&D with eRD14 front-end

too
Commodity Computing ] < /

Jin Huang <jhuang@bnl.gov> EIC PID workshop 24

BNL 712 — series PCle Card
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Summaries

» SPHENIX-EIC detector design study updated in 2018

o Thanks for the many contributions from eRD14

» Software framework for sPHENIX-EIC detector supports
detector integration

o Supports from simulation to reconstruction, from conceptual
design to final data analysis

» A streaming DAQ fits the unique environment and
physics needs at EIC

o We could support eRD14 evaluating streaming readout FEE
and how it fits into EIC data stream

BHMEN
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What field shall we add in the forward?
- Brain storm in the past few years

Piston * Passive piston (C. L. da Silva) —

* Active piston (J. Huang, C. L. da Silva) %

* Super conducting piston (Y. Goto)

Passive Piston helping flux return at
small angle

Hiperco-50: 49%Co+49%Fe alloy
provide high field saturation (<2.25T)

Dipole * Forward dipole (Y. Goto, A. Deshpande, et. al.) Iy -
* Redirect magnetic flux of solenoid @ O ©
(T. Hemmick) B

* Use less-magnetic material for a azimuthal
portion of central H-Cal (E. Kistenev)

Beam line magnetic field shielding,
\based on superconducting pipe.

Toroid * Air core toroid (E. Kistenev)

* Six fold toroid (J. Huang) _
6 Piece Toroid

around beam pipe

symmetric Field < Pancake field pusher (T. Hemmick)

shaper \ /
Bnogmﬁaﬁu
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Other axial * Large field solenoidal extension (C. L. da Silva)

\ Pancake field pusher
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Option of solenoidal field:
What transverse field we want?

A Transverse field along a track

Trackers: Station 1 Station 2 Station 3

» Transverse field (B;) provide azimuthal bending and therefore momentum
resolution

» momentum resolution < (tracker resolution)/(spacing between stations)
o Want max bending (and BT) in the middle of tracking region
o Should keep three stations as far away as possible

Bnoplm/nzrm
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Option of solenoidal field:
The Math for azimuthal sym. field

B iy S Be_ama)q_s__
+z

Transverse field is directly related to shape of central longitudinal field:

B, =B, tang+ and , B, +O(92)

A 2/\62

[ Geometry Term } L Flux Term }

Two way to optimize transverse field, B;

1. Maximize inward B; at sensitive region
o Need a sneezing coil

Maximize outwards B at sensitive region
° Need a coil with opposite field

BROOKARVEN
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Considerations for yoke and tracking designs

» Optimal tracking configurations
o Measure sagitta with vertex — optimal sagitta plane (not drawn) — last tracking station
> Yoke after tracking space and conform with a |z|<4.5m limit (eRHIC machine/detector "truce” line)

» A good configuration forward tracking
o Central + forward yoke (hadron calo.) Constant current
o Last tracking station at z=3.0m 00 density, same o
total current ——
2ou—: ‘ /C". /_—_—:\‘ \ Track 200
Momentum Resolution at high momentum limit . N = ,
[——fsPHENIX (EIC detector + passive piston)| 7 "
l| — EIC detector concept [arXiv:1402.1209] B
< — Babar w/ central HCal only < o o
8 Above W/ ConStant COII current denSIty ] ! E:\MY DOCUMENTS\MY FILE\LA“L\FHENIX?Z?HEHIX SULH:UUst\BABAR Vlslélu.u 9-27-2:‘)1"3 17:12
= —— Above w/ last station @ 1.2 m ) )
2107 | | e
& a , i .
7 {{l{//// - Track |
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.
(%@%ﬂg\é\ /1 Track| "
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Forward tracking optimization

Field, along track and total field

1 i i i i 1 i
1] a0 100 150 200 250 300 350 400

Field, L track

i i 1 i i i
a0 100 150 200 250 300 350 400

—_ Azimuthal Angular Kick (rad)

i i 1 i i i i
o a0 100 150 200 250 300 350 400

Azimuthal Position Kick (cm), max sg = 2541 um

' i L i L i i
o a0 100 180 200 280 300 350 400
z (cm)

Magnetic bending

Track of n=2.0, p=30 GeV

Using ¢ segmented GEM

with resolution of R A = 50um

Azimuthal %S z : Babar magnet in ePHENIX yoke

T T = T T

=
=
m

; Sta;tion4f

GEM

2 Statior2 | Station n=1
. | Station2 |Station3
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Tracker layout for max sensitivity

Track of p=30 GeV




Forward tracking
detector considerations

» Using variations of fringe magnetic
field for forward tracking requires
high position resolution (control
linear term) and thin detector for
the Sagitta plane (control the
constant term)

» GEM detector is one good choice,
however we are pushing it towards
its limit (so far)

» MAPS type silicon sensor could
work well in very forward region
too, covering R~30cm disk around
beam pipe

BBOMEN
NATI ONa L LABORATORY

Momentum Resolution at high momentum limit

H——1fsPHENIX (EIC detector + passive piston)
— EIC detector concept [arXiv:1402.1209]

— Babar w/ central HCal only
Above w/ constant coil current density /
— Above w/ last station @ 1.2 m

Momentum Resolution, 3(1/p) (1/GeV)

107§

Lo r8¢=100pme-ar8¢=50um ............ .............................................. ’

1 1 1
1.5 2 25 3

A pythiab + Geant4 event display for
SIDIS @ x=5x103 and Q2=10 (GeV/c)2

Jin Huang <jhuang@bnl.gov> EIC PID workshop



Gas RICH A ~NT R
- The Design

R (cm)

—_

» Hadron ID for p>10GeV/c too|
require gas Cherenkov
> CF, gas used, similar to LHC,

RICH
» Beautiful optics using Entrance: .
spherical mirrors - Window n=4 |
» Photon detection using 150 200 250 300
Csl-coated GEM in hadron Z (cm)
blind mode Courtesy : EIC RD6 TRACKING & PID CONSORTIUM
- thin and magnetic field " Fermilab T-1037 data ’P e a5
. 140— 32 GeV Beam Momentum RMS 1325
resistant E ‘ Pion
» Active R&D: oo e
o @Generic EIC R&D program g0
o recent beam tests by the stony sol
brook group sl
sob— Proton
E Imﬁm il Ooo Loy o

5000 10000 150N ~onnn 9EAAN Sannn 22000 40000 45000 50000

Ring size (A.U.)

Q

Bnoglm/nam
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Field effect -
distortion for RICH

» Field calculated numerically with field
return

» Field lines mostly parallel to tracks in
the RICH volume with the yoke

A RICH Ring:

Photon distribution due to tracking bending only

A\

r R 7
- - R <52 mrad
Dispersion
AR <2.5 mrad

for C,Fy,

» We can estimate the effect through
field simulations

on due to Field Bending for p = 30 GeV/c,

=3.0

RSN

Photon Density (A. U.)

Bnogxﬁam
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Jin Huang <jhuang@bnl.gov>

-0.04 -0o0z o 002 004 0.06
RICH Ring Dispersion (mrad), RMS = 0.03 mrad

EIC PID workshop
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Field effect -
Radius uncertianty of RICH Ring

Ring radius + 1o field effect (for worst n=1)

T T T T 8\ 40
25¢ / 1 2 i
= - .
RICH ring error 6R = Ag/ /2N, x (10GeV/e)/p {7 Field effect has very little
B o impact for PID
E 7 S 35|
= & T}
=
c 1° %
o
S 1.5¢ 1 e ~
) o =
@ 14 < s I
o) g E 301
[m] ‘B O r
g e =
o @
I 12 )] L
) @ 25k
o 0.5¢ 4 DE: k
M1
)
o
85 FE— 20

10 20
Pran (GeV/e)

e : In the respect of PID: minor
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Forward upgrade for sPHENIX

b APortal to thd EiC / 45 ) o Cold nuclear matter
o Longitudinal evolution of QGP

o And more ...

=

arXivi1602.03922. y [m]

Solenoid

HCAL

Flux return

CEMC

» sSPHENIX forward upgrade:

L for 2017 to 2023 / o Transverse spin

» RHIC cold-QCD community is also pushing for an forward tracking +
calorimetry upgrade @ sPHENIX or STAR (J. Zhang, Tue)

» LOI for forward upgrade was submitted to RHIC PAC 2017
Tracking + Calorimetry leads to joint coverage of -1<n<4

1006

10

Expected jet yield / bin

10°
10°

10

1

10°— -

sPHENIX Proj., 59x10'? N)v evis

S’ <1, pl > 15 GeV, p’:‘ >10 GeV
1.0< 7" <+1.0
+1.5< 7% <+20
— +20< % <+25

o
b

1

3

\

Central tracker

GEM

Field shaper

10 /

Bnopmﬁﬁu
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Forward jet — origin of transverse A,

Charge-track tagged jet asymmetry
— Access Sivers effect

Charge-track asymmetry in jet

Sp — Access Transveristy @ large x

qQ

-\ \;
g - (b - (b §
— n* Torino 2007
_I LI | T T TT | LI | T 1T I| LI ‘ T T T | T T 1T ‘ LI II_
T Antik. Re07 p. > 5 GeV/c, 1 < 1.7-3.3, P=50%, 488 pb”" - %‘ 0.1 sPHENIX simulaton n* Soffer Bound
- i =0. > ,Mn =1.7-3.3, P=50%, - +
0.0~ T — g [P tp—jet(ht)+X 30<n <40 —— x Torino 2007
T e Agallets ] E [Vs=510Gev B - Soffer Bound
L & A’ jetsw/z > 0.5 leading h' ] 5’3105 N 3.0 < an "“”:' ) y
0.005- — . I -+ h268pb
T Agjetsw/z>0.5leading h ] - T B
g I ] == X
€20 —
L SPHENIX simulation - i ey
I ] R s e S = Sl ———
0005 i+ b jet (%) + X, Vs = 510 GeV ] !
B ] B ':x:- 0.2651
N T N RN NN NS NN R 1] Lo le e bvvoa ool bevrabor o bovnalvan Lis
0 01 02 03 04 05 06 0.7 0. 01 0.2 0. 05 0. 0.8 0.
z
pz/pbeam
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Check universality of Transversity @ SIDIS
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New photon detector with MAPMTs
mounted

New photon detector flange ... and after installation of the
after installation of PMT backplanes first 396 MAPMTSs Close-up of MAPMTs

mounted on backplanes

HADES RICH mirror with
CaF window in front photos by G. Otto, GSI

Detectors, Moscow



BNL detector concepts

See also TOSIDE, JLEIC concepts in last two talks [Repond, Heyes]

SPHENIX-based concept

Il Solenoid Il Flux return Il Central tracking
Electromagnetic calorimeter Il Forward tracking
Il Hadron calorimeter Il Particle ID

BeAST concept

References reports :
ePHENIX LOI: arXiv:1402.1209
eRHIC design report, preCDR: arXiv:1409.1633

st stemsacosa | |
BROOKARVEN
NATIONAL LABORATORY Jin Huang <jhuang@bnl.gov> EIC PID workshop
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EIC: unique collider
-> unique real-time 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 2-10 ns 100 ns 25 ns

Peak x-N luminosity 1034 cm2s? 1032 cm2 st 1034 - 103 cm? st
x-N cross section 50 ub 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 has lower collision rate and event size is small = signal data rate is low
» But events are precious and have diverse topology
» EIC luminosity is high, so background and systematic control is key

Bnoomﬁ{nsu
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From Stream-Ill Workshop:

Collision signal data rate

sPH-cQCD-2018-001, https://indico.bnl.gov/event/5283/

» Details in simulation presented in last workshop (also in backup)
» Tracker + calorimeter ~ 40 Gbps
» + PID detector + 2x for noise ~ 100 Gbps

» Signal-collision data rate of 100 Gbps seems quite manageable,
o < sSPHENIX TPC peak disk rate of 200 Gbps

N

-
N
I

EIC-sPHENIX simulation
e+p, v/s = 140 GeV, L= 10%* cm? s
Data rate from beam collision only

—
(=)
\

Signal rate for tracker and calorimeter = 40 Gbps
Total triggerless DAQ rate from collision ~100 Gbps

o]
\

(o))
\

S
[

N

MAPS noise

Average signal data rate per subsystem (Gbps)

o

C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem

BROOKARVEN
NATIONAL LABORATORY Jin Huang <jhuang@bnl.gov> EIC PID workshop
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https://indico.bnl.gov/event/5283/

Beam-gas interactions

» As discussed in last workshop, EIC
combine high luminosity and small
signal x-section, and background
control would be critical

Molecular density (for 10 m | 2.65 x 1010

» Beam gas interactions. ipe) o les/am?
o p+ p (beam gas) cross section ~ 40 mbp  Luminosity (Ring-Ring) 10.05 x 1033 cm2s-!

i 1 Bunch intensity (R-R) (e/ 15.1 /6.0x 107
3 Beam gas |nteraCt|On rate ~ 13kHZ/ unch intensity ( ) (e/p) X

10 b | 10(y ElC “ . Beam Current (R-R) (e/p) 25/1A
m beam line < 0 collision Bunch spacing (Ring-Ring) 8.7 ns - 1320 bunches

Vacuum pressure 10-° mbar

Beampipe temperature Room temperature

Average atomic weight of gas | Hydrogen (H2)

rate ElectronxProton beam 10 GeV x 275 GeV
» The following estimation assumes o
> HERA inspired flat 10° mbar vac in Courtesy: E.C. Aschenauer
experimental region of |z|<450 cm eRHIC pre-CDR review

Bngpxﬁz’m
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Beam gas event in a detector (upstream)

Simulation: https://github.com/sPHENIX-Collaboration/singularity

» 250 GeV proton beam on proton beam gas, sqgrt[s] ~ 22 GeV
» For this illustration, use pythia-8 very-hard interaction event (g*hat > 5 GeV/c)

Most multiplici
Gas event at z=1 m ost multiplicity
goes to forward calo.

Bnggkﬁz'!n
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https://github.com/sPHENIX-Collaboration/singularity

Beam gas event in a detector
( d OW n St re a m ) Simulation: https://github.com/sPHENIX-Collaboration/singularity

» 250 GeV proton beam on proton beam gas, sqgrt[s] ~ 22 GeV
» For this illustration, use pythia-8 very-hard interaction event (g*hat > 5 GeV/c)

Shower starts in e-
going calorimeter

Gas event

at z=-4 m
BRO MHVEN

NATIO_:_J, L LABORATORY

Induce multiplicity in
trackers and forward calo

Jin Huang <jhuang@bnl.gov> EIC PID workshop 44


https://github.com/sPHENIX-Collaboration/singularity

GEANT4-based data rate simulation:

Beam gas event on tracker (more detectors in backup)

Extract mean value/collision (signal data rate) and tails (relates to buffer depth requirement)

5:10’5"" |||||\\\\‘\\\\‘\\\\ IIIIE§\|| ||||\||‘\\|‘\\I_E\IIIIIIIIIII\III‘\\I\‘\\I\‘\III\III
< & N T ]
= 61 EIC-sPHENIX Simualtion L Average TPC cluster / event = 1242 £ Average GEM hit / event = 47.2
3 107¢ p + p(beam gas), 250 GeV/c, |z|<450 cm ES I
e B Average MAPS hit/ event=12.7 - —
10° 3 = E
b Long tails to 1000
10*= : ;
- hits at P=10°
103§
1025 B -y <
Evovv v b b b b i v o b e b s e b b b b b b b g o3
0 50 100 150 200 250 30 200 400 600 800 100 50 100 150 200 250 300 350 400
# of MAPS vertex tracker hit per event # of TPC hit per event Total GEM hit per event (E>0.1 keV)
Raw data: Raw data:
3 pixel x 16 bit / MAPS hit 3 (strip) x5(time)x 10 bit / TPC hit

+ headers (60 bits)

Raw data:

3 (strip) x5(time)x 10 bit / GEM hit
+ headers (60 bits)

Jin Huang <jhuang@bnl.gov> EIC PID workshop 45
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Rate summary for beam gas

» Very similar rate distribution among subsystems when
compared with EIC collisions

» With an assumed vacuum profile (10° mbar flat within
experiment region):

o QOverall few Gbps @ 12kHz beam gas at 10° mbar in |z|<450 cm
(detector region)

Simulation: https://github.com/sPHENIX-Collaboration/singularity

0.4 T \ \ \ T
0.35 —
EIC-sPHENIX simulation
031 Pp+p(beam gas), 250 GeV/c, |z|<450 cm _

I(p) = 1A, Vac = 10® mbar, Gas event @ 12 kHz
0.25 -  Datarate from beam gas event
Rate for tracker and calorimeter = 1 Gbps

Average beam gas data rate per subsystem (Gbps)

0.2
0.15
0.1
0.05
0
C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem

—

! )
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https://github.com/sPHENIX-Collaboration/singularity

Data rate: sum together

sPH-cQCD-2018-001: https://indico.bnl.gov/event/5283/ , Simulation: https://github.com/sPHENIX-Collaboration/singularity

» Total signal ~ 100 Gbps @ 1034 cm s' < sPHENIX peak disk rate
» Beam gas rate << EIC collision signal data rate

~

[
EIC-sPHENIX simulation
| |[Ile+p, s =140 GeV, L = 10%* cm™? s
Signal rate for tracker + calorimeter = 40 Gbps

—
N

—
o

_-p + p(beam gas), 250 GeV/c, |z|<450 cm
I(p)=1A, Vac = 10" mbar, Gas event @ 12 kHz
Beam gas bgd rate for tracker + calorimeter = 1 Gbps

co
I

o
|

B~
\

M

MAPS noise

Average signal data rate per subsystem (Gbps)

o

C-EMCal C-HCals e-EMCal h-EMCal h-HCal MAPS TPC GEMs
Subsystem

FAUEN
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https://indico.bnl.gov/event/5283/
https://github.com/sPHENIX-Collaboration/singularity

Strategy for an EIC real-time system

Exp. Hall : DAQ room
| sPHENIX capable to O(20 Thps). SPHENIX capable to
1 Using about 10% b.w. 0(100 Gbps)
I FEE, Buffer At ~ us : DAQ,, Buffer At~ s Storage
. ., . \ Iy
Bieticc o Digitizer > ASIC/FPGAI : i DAQ Interface —>- _

. T
\ |O(100prs) |t ————————— . T
1

Trigger ? | Timing

Analog —Digital — Clock/Sync, Slow control

» 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

o Also consider hybrid DAQ for EIC: possibilities for distribute triggers for calibration
systematics control. e.g. trigger for laser calibration pulses, pedestal

» Requirement

o All front-end to continuously digitize data or self-triggering
e.g. PHENIX FVTX, STAR eTOF, all sPHENIX trackers, any many prototypes in this workshop
o Reliably synchronize all front-ends and identify faults
o Recording all collision data (100 Gbps if raw)
o If needed, filtering out background with low signal loss (10°4?)

o Requiring reliable data flow = control systematics:
Low data loss rate < 104(?) and/or loss in a deterministic manor

Bnoglm/nam
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Exp. Hall

48x 10-Gbps bi-directional
optical links per FELIX

Timing

N FEE |«

FELIX-b d DAQ .

daSe —.[

I

SPH-cQCD-2018-001 L “1!
https://indico.bnl.gov/event/5283/ FEE e N

I

I

I

I

I

» Full streaming readout front-end (buffer length : us)
— DAQ interface to commodity computing via PCle-based FPGA cards (FELIX)
— Disk/tape storage of streaming time-framed zero-suppressed raw data (buffer length : s)
— Collision event tagging in offline production (latency : days)

» Why time-framed streaming readout for collision data?

o Diversity of EIC event topology. Streaming minimizing systematics by avoiding hardware trigger decision,
keeping background and history

o At 500kHz event rate, multi-ps-integration detectors would require streaming, e.g. TPC, MAPS
» Why FELIX-like DAQ interface?

o Deterministic transmission from FEE up to server memory, buffering and busy generation
° 0.5 Tbps x bi-direction |10, bridging us-level FEE buffer length with ms+ DAQ network time scale
° Interface with commodity computing via PCle @ ~100Gbps
o Distribute experiment timing and synchronization cross large system
» Why keep raw data?
o EIC collision signal @ 100 Gbps < sPHENIX disk rate, it is affordable to disk-write all raw signal data
o Allow time + special run needed for final calibration, followed by prompt reconstruction
= Filter out noise if needed

BHBMEN
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https://indico.bnl.gov/event/5283/

Front-End Link eXchange (FELIX)

|
. . Exp. Hall DAQ
» FELIX: DAQ interface card initially ):;E i "
4_.
developed for ATLAS Phase 1 upgrade and —1.
beyond
FEE |«
o Similar architecture have wide support in FEE |«
2020+ for high throughput DAQ e.g. ATLAS,
ALICE, LHCb, CBM, Proto-DUNE 48x10-Gbps bdrectional

» Future versions concepts supporting
48x 25Gbps transceivers and PCle Gen4

[K. Chen et al, submitted to TIM]

BNL-712 FELIX v2, internal diagram

%8 lane
Kintex Ultrascale Enl:_golg] " 8 lane | PEX8732 |« PCle x16 lane slot >
T >
MiniPOD 2 Je———
Transmiter |«
x4
GTH «—— 5 2Gb
Transceivers Flash
x48 trigger partition ]
MiniPOD TTC Decoder FPGA Mm [ e
Receiver > & Clock RETEMTg) Micro |  siBus S almie
x4 L ) Management < Controller ‘
1 | h board ID e " el
F—J from R
JTAG |1 switehes i s
JTAG to Jitter ADN2814 Busy (LEMO) @ =
user /O Cleaners > : ) Wi
BNL-712 FELIX v2

NATIO NAL LABORATORY
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Exp. Hall : DAQ room

Ti m i ng FEE I:>|_@C Server

-
|
FEE_I|' | EELX |FSeiver
FEE_ ! [[FeLY [ Server
» All FEE & FELIX §ynchron|zed FEE 1! FELY e
to CO”Ider CO”ISIon CIOCk 48x 10-G.bps pi-directional If L — 10/100 Gbps
» Broadcast 64b-clock counter and e o ™ Timing Network
validate synchronization ™
» Timing prototype
o Zyng-based timing system board with multiple SFP+ links Timing board (ZYNQ)

o Demonstrated SFP+ based timing link at 112.8 MHz

- SFP* TR SFP

Courtesy: John Kuczewski (BNL)

waveform - hw_ila_1
2| ILa status: Idle

F

F

LR
a

;

o m
¢ wdphy io Oiphy driver_ifn:_data[15:0]
- B 1:0]

Updated at: 20159-Jan-0& 01:16:14

HAVEN
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_Exp. Hilll : DAQ room

Streaming frontend (==
I
l

Server

FEE

FEE
» Streaming ASIC in prototyping: | e

Server

Server

ALPIDE, FPHX, SAMPA — Server
. . . 48x 10-Gbps bi-directional T ceee 10/100 Gbps
» Generic SFP+ and Versatile link optica ks per FELX Network

support

» SPHENIX version of SAMPA with
80ns-shaping in development
o Based on ALICE development

80ns SAMPA components in testing Analog + ADC data-at USP

11m . — .
MPW_area_~_20.8mm2 Response with a 45pF charge injection  ['1nput (mV) | Peaking time (ns) [Ts] | Peak (mV)
EERREREEENRN ! 2r
A0 : J SIS 82546
decans : 18 15 55+ 10 745 + 54
: 16| ¢ 30 59+8 1258 + 60
-
== i ol 45 60+6 1764 + 82
- | o 60 54 +7 2129+ 70
| —
zm’ L & 12 e Computed with semi-g?ussian best fit
=n E g 1 equation 4 (L 710y g ¢ |
= E Q bl+ Axe Ts 7« (——)
w b <08 T
- ! e Table parameters represents the average
- ! 06 - of 100 pulses fit with its standard
— I 0.4 Q deviation
- [ ‘
| (e] o o
: 02 F—e—o D o0 o—=© Best Fit
I
| ol Samples
i 0 150 300 450 600 750
t(ns)

Bnggkﬁz'!n
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Exp. Hall : DAQ room

Online Storage FEE \
FEE ||

| |

FEE 4—: |

» Data buffer box Ty |

> Average out data transfer:  woom o | ool l

reduced rate and resilient : )

\———’

to interruptions
COTS storage server, hosting ~100 disk slots

o Consist of multiple storage
servers for write/transfer

» Existing server at RCF:

Write test demonstrated v
~50Gbps continuous memory ol 7 i b A
— disk write-only speed for i
single server

Courtesy: Martin Purschke (BNL)

Bnnglm/nzrm
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Beam test: MAPS silicon tracker (on-going)

ALPIDE MAPS tracker in test beam

[ ‘ T /
,; R | [ .

LANL LDRD

Readout Unit

Y 120 GeV p
4.5M pixel/RU /

Bnoplnﬁzl ‘ -
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RHIC @ mid-2020s

Lo ' ’ _.‘. : R o= ) - rfi.\ :‘-‘ .
. ~ A : ,“ . - n
o’y Ww e “b ¥ TANDEMS | =

See also: PHENIX silicon tracker with streaming front end DOI:10.1016/j.nima.2014.04.017



https://arxiv.org/ct?url=https://dx.doi.org/10.1016/j.nima.2014.04.017&v=19b0e658

Outer HCal
SC Magnet

Inner HCal
EMCal
TPC

INTT
MVTX

SPHE

I X B8 Detector

» 2018: Cost/schedule review and DOE approval for production start of long lead-time items (CD-1/3A)
» PD2/3 review next week!
» 2022 installation, 2023: First data

Bnoomﬁ{nsu
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Global Timing Module

- {'-;

Streaming DAQ concept of
sPHENIX trackers

~— Timing — Data [ [ T/

Calorimeters ——  ADC —m DCM — SEB —

Y

Calorimeters: Triggered DAQ

N\

— R T T
TPC —— FEE |[[*— DAM — EBDC | ——

é \ Ethernet | | Buffer

< T T Switch Box

3 INT —— ROC |[*— DAM — EBDC ——

5 L

| ———— N T T sDCC
MVIX | — > RU I DAM — EBDC — » |

Trackers: Streaming DAQ

MVTX RU

INTT ROC TPC FEE BNL-712/FELIXv2 as DAM
ASIC: ALPIDE FPHX SAMPA v4 - v5 Streaming ASIC - DAQ



Proposed eRHIC @ end of 2020s

W

eRHIC pre-CDR




Example: sPHENIX-based EIC detector

* Proton 275 GeV/c
Polarized
* lon 100 GeV/c/nucleon

e 10 GeV/c
Polarized

Bl Solenoid Bl Flux return Bl Central tracking
Bl Electromagnetic calorimeter Il Forward tracking
Bl Hadron calorimeter Il Particle ID

BROOKHIVEN
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Tonko’s estimation:
Signal rate = 16*8 Gbps ~ 100 Gbps
@ 1033 cm? s 200kHz collision

How about in G4:

e+p collision 18+275 GeV/c
DIS @ Q? ~ 100 (GeV/c)?

BHBMEN

NATIONAL LABORATORY Jin Huang <jhuang@bnl.

Tonko’s estimation (2015)
The eRHIC Detector (“BeAST”) Readout Scheme

Detector Bytes per track

TPC 100 x (80+4+4) ~ 9000
Silicon 7 X (4+4+4) ~ 90

RICH 20 x (4+4+4) ~ 250
EMCal 1 X (4+4+4) ~ 20

HCal

1 X (4+4+4) ~ 20

Total per track

9.4 kB

For 1.7M tracks/s

(1.7M x 9.4 kB =) 16 GB/s
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Full detector “Minimal bias” EIC events
in SPHENIX framework: quick first look

Multiplicity check for all particles BNL EIC taskforce studies
Minimal bias Pyth|36 e+p 20 GeV + 250 GeV https://wiki.bnl.gov/eic/index.php/Detector Design Requirements
53 ub cross section
1
""" LA LR LA LAAR) LARA) AL LRI AL A g [ 10 E ]
@ 2.5- i
: - . 10°%
r S i
E e L '8
e ! 2 i
C =, — |
T 3ls _2? ¢ Charged |]
[ 107F ¢+ Neutral 5
0.5 E 410
I ¢+ Total _
;_ 0 \I||||||\|||||||\|||||\|||||||\||\||||| 10-3 | | ‘ | ‘ ]
0 10 20 30 40 50 60 70 80 90 100 4 3 2 10 1 2 3 4 -4 -2 0 2 4
Q2 from truth electron [(GeV/c)"2] n for any primary particle with p_ >10 MeV n

Based on BNL EIC task-force eRHIC-pythia6 55ub sample
pythia.ep.20x250.1Mevents.RadCor=0.root

CKIN (3) changed from 0.00000 to 0.00000
CKIN (4) changed from -1.00000 to -1.00000
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GEANTA4-based detector simulation for
DAQ simulation: tracker

sPH-cQCD-2018-001, https://indico.bnl.gov/event/5283/

Extract mean value/collision that produces average signal data rate
and tails that produce the buffer depth and latency requirements

S 105 ? T T T | T T T ‘ T T T T ‘ T T T T | T T T | T T T ‘ T T T ‘ T T T T T TT ‘ TTTT TT 1T TTTT LI UL UL T T 7T I:
< ! . ]
= L EIC-sPHENIX Simualtion Average TPC cluster / event = 93.3 Average GEM hit / event = 27.3
g 10°k e+p, 20+250 GeV/c, |s,,=140 GeV |
R Average MAPS hit/ event = 9.8 h i
A |
10°= ]
C ’ 4
107 ;
10 :
1:_I L ‘ L 1 1 1 | 1 1 | 1 1 1 | | 1 1 ‘ JI'H‘”' ‘ IE 111 I‘ | | |I 111 L1 |‘|H| ‘ | | E
0 150 20 200 400 600 800 100 50 100 150 200 250 300 350 400
# of MAPS vertex tracker hit per event # of TPC hit per event Total GEM hit per event (E>0.1 keV)
Raw data: 16 bit / MAPS hit  Raw data: 3x5 10 bit / TPC hit
3x10 signal hit / collision - 0.2 Gbps @103 cm2st + headers (60 bits)

* MAPS is vulnerable to beam background see later slides
* ALPIDE MAPS noise are low,
expect 10 /pixel/strobe, 200M pixel, 3us strobe - ~1Gbps

Raw data: 3x5 10 bit / GEM hit
+ headers (60 bits)

Bnogxﬁzmu
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https://indico.bnl.gov/event/5283/

GEANTA4-based detector simulation for
DAQ simulation: central calorimeters

Raw data: 31x 14 bit / active tower +padding + headers ~ 512 bits / active tower

— 7 — T L LA B e |

2 -

< EIC-sPHENIX Simualtion |
g Central Inner HCal Energy/Tower Central Outer HCal Energy/Tower

E e+p, 204250 GeV/c, |5,,=140 GeV 9 ]

e Central EMCal Energy/Tower E

b by b b by L by b 1y == Pl el b by by 1§

6 8 10 12 14 16 18 2 2 4 6 8 10 12 14 16 18 2) 2 4 6 8 10 12 14 16 18 20

Central EMCal Tower Energy [GeV] Central Inner HCal Tower Energy [GeV] Central Outer HCal Tower Energy [GeV]

S‘ 105| T T T T T T T T T T T T T __H: ‘ T T T I T T T ‘ T ]

< y imuali = 7
= EIC-sPHENIX Simualtion = Average Inner HCal tower / event = 0.4 Average QOuter HCal tower / event = 1.0

2 1o e+p, 20+250 GeV/c, |s,,=140 GeV i

© Average CEMC tower / event=48 = E

10° = 5

10% = -

10 -

1 =<4 .

n 1 L L TF L | L L L | L L L | L L L | L L L | L L . . | L n L | L L L | L M-

0 80 10 20 40 60 80 10 20 40 60 80 100

# of CEMC tower per event (E>30 MeV) # of Inner HCal tower per event (E>30 MeV) # of Quter HCal tower per event (E>30 MeV)

sPH-cQCD-2018-001, https://indico.bnl.gov/event/5283/
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GEANTA4-based detector simulation for
DAQ simulation: forward calorimeters

Raw data: 31x 14 bit / active tower +padding + headers ~ 512 bits / active tower

o LA I I B B B B BN BN L L L I L L L B L B B L B E
< = i i .

g 0 Si‘;’;g’;'fg’ég\'/'}‘;a\;%i 140 GeV h-going EMCal Energy/Tower h-going HCal Energy/Tower
© 10°k — e-going EMCal Energy/Tower

P T R | | I||w|lw||||||\wwl\lll\lwl\lll L L1 L e b
0 "z 4 6 8 10 iz 14 16 18 @ 20 40 60 80 100 120 140 160 180 20 20 40 60 80 100 120 140 160 180

e-going EMCal Tower Energy [GeV] h-going EMCal Tower Energy [GeV] h-going HCal Tower Energy [GeV]

B ol v ool vl vl vl ol v
(=]

5

< 10° . . 1
£ EIC-sPHENIX Simualtion Average h-going EMCal tower / event = 46.1 Average h-going EMCal tower / event = 35.4

E 10t e+p, 20+250 GeV/c, |s,,=140 GeV

o

Average e-going EMCal tower / event = 3.3

0 20 40 60 80 10 50 100 150 200 250 30 20 40 60 80 100
# of e-going EMCal tower per event (E>30 MeV} # of h-going EMCal tower per event (E>30 MeV) # of h-going HCal tower per event (E>30 MeV)
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Beam gas multiplicity

» 250 GeV/c proton beam on H, gas target

» C.M. rapidity™~3.1, sqrt[s] ~ 22 GeV, cross section~40 mb

» Lab per-pseudorapidity multiplicity is higher than e+p,
but not orders of magnitude higher

e+p, 20 + 250 GeV/c p+p (beam gas), 250 GeV/c [ Yem 3-1J Yproj. .6'3
QGC—J' _\ TTT | TTT I| TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTT I_ E 5_ TTT ‘ TTTT ‘ TTTT | TTTT | TTTT ‘ TTTT | TTTT | TTTT ‘ TTTT ‘ TTT -OE 5_ T | T T T ‘ T T T | T T | TT | T 1T | T 171 ‘ T ]
B @ L 403 L B
> i ﬁ 41~ Z 4 B
° B = r
T SR 2 T
5 3 3 -
1.5 C -
0.5/ - i ! 7
0_\ 111 | 111 I| | | 1111 | L 111 | 1111 | | ‘ 111 Ii 07I 111 ‘ 111l ‘ L1l L1l L1 L1l L1l | L1l 0:\ Ll | 111 ‘ 111 | | L ‘ L1 | L |i 1 | | ‘MI 1 I:
4 3 2 1 0 1 2 3 4 -5 -4-3-2-10 1 2 3 4 5 -10-8 -6 -4 -2 0 2 4 6 8 10
1 for any primary particle with p_>10 MeV n for primary particle with pT>1 0 MeV y for primary particle with pT>1 0 MeV
Bnogxﬁam
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Beam gas vertex sensitivity - tracker

» Average active hit for each beam gas vertex bin
» 250 GeV proton beam on proton beam gas, Pythia-8 M.B.
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Beam gas vertex sensitivity — calo.

» Average active hit for each beam gas vertex bin
» 250 GeV proton beam on proton beam gas, Pythia-8 M.B.
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Count [A.U.]

N

GEANTA4-based detector simulation:
beam gas event on tracker

Extract mean value/collision (signal data rate) and tails (relates to buffer depth requirement)

1OI:IIII Illll\\\\‘\\\\‘\\\\ IIII:§\|| ||||\II‘\\I‘\\I_:\IIIIIIIIIII\III‘\\I\‘\\I\‘\III\III
s:, EIC-sPHENIX Simualtion j; Average TPC cluster / event = 124.2 ;? Average GEM hit / event = 47.2
10°¢ p + p(beam gas), 250 GeV/c, |z|<450 cm §§ E |

- Average MAPS hit/ event=12.7 T T —
10°F = - =
b Very long tails to
10*= - ;
- 1000 hits at P=10°
10°=
1025 B -y <
E el b b e e e b e o oy oy by e o b b b b b b o b a3
0 50 100 150 200 250 30 200 400 600 800 10) 50 100 150 200 250 300 350 400
# of MAPS vertex tracker hit per event # of TPC hit per event Total GEM hit per event (E>0.1 keV)
Raw data: Raw data:

3 pixel x 16 bit / MAPS hit 3 (strip) x5(time)x 10 bit / TPC hit

+ headers (60 bits)

Raw data:

3 (strip) x5(time)x 10 bit / GEM hit
+ headers (60 bits)

EIC PID workshop
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GEANT4-based detector simulation:
beam gas event on central calorimeters

Raw data: 31x 14 bit / active tower +padding + headers ~ 512 bits / active tower

= wwesE—TT" T T T e e I

< 10 EIC-sPHENIX Simualtion 1
g v C-s Simualtio Central Inner HCal Energy/Tower Central Outer HGal Energy/Tower

3 10 p + p(beam gas), 250 GeV/c, |z|<450 cm |

© @k ——— Central EMCal Energy/Tower E

10° E

10* %

10° E

102 E

10 =

1 et = b b b b e e b L L e Ly | I N S I T

10 12 14 16 18 2 2 4 6 8 10 12 14 16 18 2) 2 4 6 8 10 12 14 16 18 20

Central EMCal Tower Energy [GeV] Central Inner HCal Tower Energy [GeV] Central Outer HCal Tower Energy [GeV]
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< . imualt ]

= B EIC-sPHENIX Simualtion Average Inner HCal tower / event = 0.5 Average Outer HCal tower / event = 1.4

3 10° = p + p(beam gas), 250 GeV/c, |z|<450 cm |

© Average CEMC tower / event = 14.8 E

10° 3 3

10* E %

I A [ R | L N R T

0 20 40 60 80 10 20 40 60 80 10 20 40 60 80 100

# of CEMC tower per event (E>30 MeV) # of Inner HCal tower per event (E>30 MeV) # of Quter HCal tower per event (E>30 MeV)
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GEANT4-based detector simulation:
beam gas event on forward calorimeters

Raw data: 31x 14 bit / active tower +padding + headers ~ 512 bits / active tower

L e e e e e B
EIC-sPHENIX Simualtion

p + p(beam gas), 250 GeV/c, |z|<450 cm
e-going EMCal Energy/Tower :

h-going EMCal Energy/Tower — h-going HCal Energy/Tower
107
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10" - s _§
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0 20 40 60 80 10 100 150 200 250 30 20 40 60 80 100
# of e-going EMCal tower per event (E>30 MeV} # of h-going EMCal tower per event (E>30 MeV) # of h-going HCal tower per event (E>30 MeV)
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Per-strobe ALPIDE multiplicity

Four factor contributes in a MC simulation:

» Per-collision multiplicity, PDF as in last page

» Number of pile up collision, Poisson distributed

» The triggered collision, |z|<10 cm (trigger mode only)

» Number of noise, Poisson distributed

Comments received:

» Duplicated hits between strobes are not included yet (Thanks to Jo)
» UPC electron background not included (Thanks to Xin)

» Aiming for 10 noise in final detector (Many)

4"'8"\ T | T T T T | T T T | T T T T | T T T T I T T T T I T IE 10 4 ' Bottom Iine: 10_4
o~ B Efficiency Fake-Hit Rate @V =-3V 3 ﬂc}
— 105+ . . W10R21 Non-iradiated ~ 105 >
Y - O O W7RA41 TIDimadiated, 27 Miad = L Also studied: 105
E’ ] A = 10° % '
o — = = . . ! i
o T ey 0 Likely in operation: 10
w =107 ©
c .f S
S ¢ = 10°
g | Ji0 T
a %o |2

- =107

- - "‘ﬂ—i 10

L | -

T 7 vl 12
150 200 250 300 'V
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p+p multiplicity, per-strobe, chip-4

» p+p collision related data is completely dominated by pile-ups

» Central limit theorem: High number of pile up - low non-Gauss
high tails

» Continuous-mode is quite safe @ 10-us strobe window

13 MHz p+p collision, 10-us strobe width+integ1ration, 1 trigger, 10 noise per strobe

e L I E = L B R I I R I
8 1045 SPHENIX Simulation - o - -
O - p+p MB, s = 200 GeV B O o' -
C e = 1800, N =1, u =524 ] = 10-us readout E
1035 MVTX Layer0 Chip4, <hit> = 115.1 102L N
; MVTX Layer1 Chipd, <hit> = 97.4 ; ; ;
B MVTX Layer2 Chipd, <hit> = 86.7 | =1 ]
10: | 10_4% _é
; : 10 E
11 i - ]
SRR (| ' N NI RN USRI VUV AR BT AT 6L L e e e

0 200 400 600 800 10001200140016001800 10 0 200 400 600 800 100012001400160018002000

Chip multiplicity [Pixel] Chip multiplicity [Pixel]
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Au+Au multiplicity, per-strobe, chip-4

» Can we do better?

Further reducing collision rate to 50kHz by introducing a beam crossing angle

Reducing noise by 1/10 to 10 noise per strobe

» Still challenging for continuous, but plausible to have overflow dead-time <
0.1% further using multi-hit buffer on chip (eating the safety factor)

(¢]

(e]

50 kHz Au+Au collision, periodic strobe, 10 noise per strobe

5-us strobe width+ integration

10-us strobe width+ integration

N7 | L L BN N IR B
<10-us readout
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Timing distributions

»  All PHENIX/sPHENIX FEE are synced to beam Exp. Hall
clock/counter. Expecting similar for EIC detector

» BNL-712/FELIX can receive clock of multiple CEE I
protocols (SPF+, White Rabbit, TTC, ...) via a timing FEE !
mezzanine card FEE :
» SI5345 jitter cleaner control jitter to <0.1 ps FEE :
» BNL-712/FELIX carries 48x 10 Gbps downlink fiber I
for control data to FEE. Beam clock and sync word 48x 10-Gbps :
can be encoded on fiber (e.g. 8b10b encoding) fibers per FELIX |
» For EIC hadron beam RF, extra cautious need to be :
taken for hadron machine ramp from low gamma to
high gamma, which leads to clock frequency Shce Noise of 120 Mtz OusLE Clock
variation [next slide]. -20 e e =

— Si5341

Si5345

CDCE62005
CDCM6208
LMKD3033
LMKD3200

Xilinx 7 serial mask
~ |l Altera Arria 10 mask [|

phase noise (dBc/Hz)
o
o
o
\ | r
s
//-’ e .
.f i
| |

TTC-PON White Rabbit
-120}
Device SI5338 SI5345 — SI15341
Jitter (ps) 8.58 0.09 6.39 -140
Device CDCM6208 LMKO03200 | LMKO03033
Jitter (ps) 2.06 5.01 274 -160}
Device CDCEG62005
Jitter (ps) 8.61 -180 - - L e — — L
The jitter from 10 kHz to 1 MHz 10 10 10 lgequencyl?Hz} 10 10 10
Courtesy of Kai Chen (BNL) :
BBBME“ Kai Chen — FELIX Design Review
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Embedded clock demo with variable
beam clock frequency

RHIC frequency spread (due to ramp) is large, 9.362 MHz 22Hz _

Function generator mimic

9.384E+6 t 1 : | A:’W~.\ “
repeated RHIC clock e | 510GeVpsp | S
ramping (triangle pattern) - (G
Demo FELIX
Kintex-7 Ult | .
T T | Downlink: 4.8 Gb/s

a2

Multiples of RHIC clock (9.4 MHz) ‘
Recover clock from 8b/10b ]

Optical Links > Demo FEE
Uplink: 4.8 Gb/s, fixed clock Atrix-7

Test recovered “RHIC” clock

Kintex 7 (eval board for now) -> Atrix 7 (eval board)

Uplink iBERT @ DAM: 1.46e-13 Downlink iBERT @ FEE: 1. 023e-13

21 0
——

Scale: 10,0 dB/div_J(GF:_164.510000F
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Evolution of the RHIC 1008 Interaction region

PHENIX experiment

| N

SPHEQRIIX

» 16y+ operation

» Broad spectrum of
physics 180+ physics
papers with 25k citations

» 1.4-M channel streaming

4

An EIC detector

Comprehensive central 3
upgrade base on previous
BaBar magnet

Rich jet and HF physics >
program

—> Microscopic nature of >
QGP

.06197 [nuclye

Path of PHENIX upgrade
leads to a capable EIC
detector

Large coverage of tracking,
calorimetry and PID

Full streaming DAQ based
on sPHENIX

~2000 2017->2023, CD-1/3A Approved  >2025

RHIC: A+A, spin-polarized p+p, spin-polarized p+A

EIC: e+p, e+A
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PHENIX/FVTX Streaming FEE streaming data

| FPHX Chip

[ lonizing Hit

17k LVDS
' 3.2 Th/s ‘

processing on FPGA
for b-by-b luminosity
& Transverse SSA (A,)

IR

PHENIX event builder
/ Data storage

[Online display

Standalone data
(calibration, etc.)

BROOKHIAEN

NATIONAL LAB ORATORY

Z@

K3

Data cable/bandwidth shown on this slide only
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eRHIC and JLEIC key parameters at max
Lumi points

design eRHIC JLEIC
parameter proton electron proton electron
center-of-mass energy [GeV] 105 44.7

energy [GeV] 275 10 100 5
number of bunches 1320 3228
particles per bunch [101°] 6.0 15.1 0.98 3.7
beam current [A] 1.0 2.5 0.75 2.8
horizontal emittance [nm]| 9.2 20.0 4.7 5.5
vertical emittance [nm] 1.3 1.0 0.94 1.1
B [em)] 90 42 6 5.1
B, [cm] 4.0 5.0 1.2 1
tunes (Qz,Qy) 315/.305 .08/.06 .081/.132 .53/.567
hor. beam-beam parameter 0.013 0.064 0.015 0.068
vert. beam-beam parameter 0.007 0.1 0.015 0.068
IBS growth time hor./long. [min] 126/120 n/a 0.7/2.3 n/a
synchrotron radiation power [MW] n/a 9.2 n/a 2.7
bunch length [cm] 5 1.9 1 1
hourglass and crab reduction factor 0.87 0.87

peak luminosity [10** cm™2s™!] 1.05 2.1

integrated luminosity /week [fb™!] 4.51 9.0

Bnoplm/nzrm
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FEE data rate

- FEE data (bit) per MB per |z|-R bin, total = 8.8 Mbit
1

100kHz collision in continuous DAQ trigger
In TPC DAQ simulation

0 60
|z| position (cm)

FEE data (bit) per MB collision per |z|-R bin (integrated over z-sign and azimuth)

— All collisions

FEE data input to DAM. Rate = 874 Gbps @ 100 kHz Collision, 15 kHz Trigger 13 us Drift —— Trlgge red collisions

40

—
8 30

£ =
2 3
[ @
q>3‘20 =
o Eel
T i
©

5 10 I
lod

o

0 11

= ey o e iy ) =
1000 2000 3000 4000 5000 6000 7000 8000 9000
BCO bin (100 ns)

FEZE data input to DAM. Total = 874 Gbps @ 100 kHz Collision, 15 kHz Trigger 13 us Drift
T I I

W

FEE -> DAM limit : 6 Gbps x 8b/10b per FEE
Reference design rate: 1.9 Gbps, far lower than limit
ate: 200kHz + 48 rings - max 7.2 Gbps @ module 1
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Average data rate per FEE (Gbps)
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Radiation map

SPHENIX-EIC Simulation, Collision only, e+p, 20+250 GeV/c, eRHIC Pythiaé

Total energy deposmon [MeV] for 10 fb" 1 colhsmn cr\gmated fluence only 10"
L 250 1
o : 10
10
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