Hyperon-Nucleon Spectrometer at HIAF
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About nucleon spin structure

Spin decomposition:

GPDs: deformation of Parton’s spatial distribution when hadron is polarized
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Stot === AX + AG + Lq + l:g TMDs: deformation of Parton’s confined motion when hadron is polarized
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[ Quark spin ] [ Gluon Spin ] [ Quark OAM ] [ Gluon OAM ]

» We have a framework for the understanding of the spin structure of the nucleon

> EIC/EicC is the future @




A new domain: from nucleon to hyperon

A° serves as its own spin analyzer through the decay A° - p + 7~

yield ~ (1 + aPcosby,,)/4n




-What is the origin of A polarization?
-What is the link between A spin structure and polarization?

Ve

EIC: Initial state is polarized A polarization: Final state is polarized
-How do partons form up a polarized nucleon? -How do partons form up a polarized A?

Final state

Initial state /

Polarized by device A serves as its own spin analyzer through the decay A° > p + 1~

Baryon spin structure: origin of nucleon spin VS origin of A polarization




First observation of A’ polarization in the 1970's

p+Be
— T T T T T T »Hyperons can be produced
+0.2 (d) - polarized in collisions of
" P } . elementary particles
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; o 3 P, . »Discovered at Fermilab in the
] 1 | ] . 1 1 | | . o o
00 0.4 0.8 1.2 1.6 Gevre 1970’s in p + Be collisions: 300
G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976) GeV protons on Bery]lj_um
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A® polarization measurements
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“Scaling” of A° polarization ?
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Puzzle in low energy collisions

Pp [%]
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COSY-TOF: pp fixed-target
VVS=267GeV & V5= 275GeV
DISTO: pp fixed-target

M V5 = 2.98 GeV
HADES: pp fixed-target

% V5 = 3.18 GeV
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Not only polarization but also production

pp — A + X: comparison to world data

e=1/s — M, — My —

Jstte s pp = pK A

|
‘]};g HI.AF coverage in the next 10 years
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Not only polarization but also production

p(2.95 GeV)+ p—pKA
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hyperon-nucleon (pA) coupled channel effect  reflections of the

interaction of NA&NX N* resonances

COSY-TOF Collaboration, Eur. Phys. J. A52 1, 7 (2016). @




Not only polarization but also production

pp — A + X: comparison to world data
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e SLAC E139 (Fe)
* EMC (Cu)

What's more? with p-A | ...
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EMC effect is there for PDFs

Cold nuclear medium effect for A° polarization (1)




What's more? with A-A
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High Intensity heavy-ion Accelerator Facility (HIAF)

Booster Ring:
Circumference: 569 m
Rigidity: 34 Tm
Accumulation
Cooling & acceleration

HIAT for atomic physics,
nuclear physics, applied
research in biology and
material science etc.

High energy 4" |
experimental hall /’,\
N\\_, Superconducting Ion
Linac:

BRing
o Length: 180 m
Two-plane painting injection schenre Energy: 17 MeV/u (U*)
Fast ramping rate operation CW an d pulse modes @




High Intensity heavy-ion Accelerator Facility (HIAF)

Booster Ring:
» Circumference: 569 m
» Rigidity: 34 Tm
» Accumulation

» Cooling & accelg

N\ A

High energy
experimental hall§

S

» Two-plane painting injection schenmre
» Fast ramping rate operation







HIAF beam parameters
Ion In(t;;}s)i)ty Kine_Energy (GeV/u)

a38ygss+ 2.0x10" 0.84
238ygTe* 5.0x10'° 2.5
129X e 3.6x10! 1.4
TRy 19 5.0x10"! 1.7
Opria* 7.0x10! 2.3
180t 8.0x10"! 2.6
p 5.0x10'2 9.3

For more information about HIAF , please refer to Friday'’s talk on “From HIAF to EicC”




Distributions of momentum of final states
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Angular distributions of final states
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Hyperon-Nucleon Spectrometer

> Momentum resolution:

See Yutie Li s talk on Tuesda
. ~Z%@lGeVWhen17<2.5 ee Yutie Liang’s talk on Tuesday

> PID: Baryon polarimeter

Silicon tracker } Calorimeter

* K, m separation (~30) up to 2 GeV/c

* K, p separation (~30) up to 5 GeV/c
> Vertex resolution:

 Excellent vertex resolution for

background suppression

Target

* Material budget (<10%)
» Acceptance:
 5to 100 degree

» High event rate
« 1MHz

> Baryon Polarimeter 2> determine final

state proton’s polarization

> Provide detector R&D platform in forward

region
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AC-LGAD TOF




Pt,(GeVic)

H-NS kinematics coverage

Kinetic Energy of proton beam: 9GeV

Kinetic Energy of proton beam: 19Ge

w

Kinetic Energy of proton beam: 3GeV

Pt, (GeVic)

Pt,(GeV/c)

3GeV > 9GeV > 20 GeV

Allow for a multi-dimensional mapping of the A? polarization and production
» Beam energy scan
> p2p,p2A,A>A data




Silicon tracker at H-NS

MIC6 development at CCNU
| ek WS
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* MIC6 MAPS pixel chip: development and manufacture with the domestic process
» Readout electronics (ITS2 based design) and DAQ (ALICE CRU/FELIX protocol, GBTX, ...)
* Detector assembly and integration:

» Vertex detector: Stave module design (spatial resolution: ~ 5 um with pixel size 30 um, total material <
0.35%X/X, per layer)

» Forward tracker: Ladder module aligned to disc super-module (spatial resolution: ~ 5 um with pixel size 30 um,

total material < 0.45%X/X, per layer) @




AC-LGAD at H-NS

Recent development at USTC:

« Two wafers with different n* dose: W5 high n* dose and W6 low n* dose.
 Sensor size : 1300x1300x50 pm.

 Sensor with different pad-pitch size: Large pad size/pitch: 100/150 um, Small pad (Strip) size/pitch: 50/75 um.
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Almost background free reconstruction
(Beam energy 3.5 GeV)
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Projection of A polarization with 10M pp events
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Only take ~1 day assuming 1MHz event rate at HIAF
Collaboration __levents
COSY pp->PKA s =2.75GeV  2x10°
DISTO pp->PKA+/s =2.98GeV 1.7+ 10°
HADES pp-> AX +/s =3.176 GeV 1.2x 10°

BESII ete™ —» AA+/s = 3.096 GeV  3.2x 10° @




Timeline
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H-NS DEMO running at HIAF

A smooth transition from H-NS to EicC, in terms of both physics and hardware
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H-NS demo: H-NSO

Nsig = 2423.5 + 116.9
Nbkg = 3722.5 +122.3

u=1.11627 +0.00033
o =0.00944 + 0.00040
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Significance: 36

Events / (1.0 MeV/c?

H-NSO will be ready and tested at HIAF next year
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.":- ‘."u : # P &~
5F
OFetPtastieg ot Qlra e e T TSGR L et T,
1.08 1.09 1.1 111 1142 113 114 115 1.16 1.17 1.18
M(pn) (GeV/c?)
]




Outline

> Introduction of physics
» H-NS at HIAF
» Summary and Outlook




Hyperon-Nucleon Spectrometer (H-NS)

Silicon tracker Calorimeter

Baryon polarimeter

Target

AC-LGAD TOF

Institutes in China: JERAIEMIR AT, EHKZE, HE
K. fedmyu Kas. Hpgifive Ko, T Fo i, iR
P WERKE FHER IO GRYID . PRER
Subsystems: Silicon tracker, AC-LGAD, Target, Baryon
polarimeter, Calorimeter, Electronics, DAQ, Magnet,

Beamline, Mechanics + Engineering

l. Physics:
» A production and polarization (
€ Medium effect ( )
€ Global polarization of A hyperon (

» Hadron physics via p+p

Il. Community:

» Supports both communities of hadron structure
and heavy-ion physics

» International interests are expected: Japan

lll. Detector R&D

» Many parts are similar for CEPC, EicC, H-NS and
STCF. Save resources.

» HNS: a detector R&D platform for EicC, Y2 EicC
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Efficiency due to trackmg
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PID performance: pion/kaon

a00H .

Flight distance for 3¢ n/K separation
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PID performance: proton/kaon

Flight distance for 3c p/K separation
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Efficie

ncy du

e to PID+track|ng
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Y [cm]

-20 1

Efficiency due to tracking

E beam=3.5GeV

20 4
20 4

E beam=25GeV

” E beam=9.3GeV

> A decay vertex distribution

> 90% of all event

> Normalized to total event
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Silicon tracker

Silicon tracker
AC-LGAD (PID)
Ecal.

Super-conducting Solenoid

—_———

Silicon tracker
IMPGD tracker
DIRC (PID)
RICH (PID)

Ecal

Super-conducting Solenoid

Calorimeter

Silicon tracker
Ecal.
Super-conducting Solenoid




