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General-purpose spectrometer

€ Complete initial state VS Incomplete final state

Complete initial state information: 4-
momentum, polarization.

€ Spin polarization of final state contains valuable information



Spin with valuable information
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New detector concept with polarimetry function



Principle of proton polarimeter

Relation between the spin-dependent cross-section of p + p/C scattering and the asymmetries

do 1 doyg

11+ P, AN(0) cos @]

dod cos 0 ~ 27 dcos

AN*pOII =0.252 + 0.004

Widely used as polarimetric reaction to measure proton beam polarization (PSI, TRIMUF, LAMPF, COSY,
SATURNE, ZGS, KEK-PS, AGS, RHIC --+)



Principle of proton polarimeter

Relation between the spin-dependent cross-section of p + p/C scattering and the asymmetries

do 1 dog
dodcosf 2w dcosb
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Transversely Carbon foil
polarized protons
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More protons to the left:
Left-right asymmetry

Widely used as polarimetric reaction to measure proton beam polarization (PSI, TRIMUF, LAMPF, COSY,
SATURNE, ZGS, KEK-PS, AGS, RHIC ‘)



Add polarimeter function in general-purpose detector ?

® General-use detector requirements:
et T[i1<ipi o,

1) Good tracking efficiency

2) Good momentum resolution

3) Good energy resolution

® Seccondary interaction

tracking || target || tracking target || tracking

Fig. 3. The layout of the photon polarimeter. The photon arrives from
the left. The veto detector is marked as VC, the veto wire chamber as
VW, the converter as CC, the trigger wire chamber as TW, the vacuum
straight section as VS, the set of micro-strip detectors as MSD, the
separation magnet as SM, and the trigger scintillator counter as TS

® High luminosity machine?



Phys. Rev. D 112, L031502

An extra carbon layer

~1 mm thickness

Material budget: <1% X/X,

Probability: pC (4E-4)

Tiny influence to the conventional performance

» Position : in-between the tracking devices
 Appliable in all reactions: ee/ep/pp/pA/AA
* Appliable in high energy machines
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Performance study with an example experiment H-NS



Hyperon Nucleon Spectrometer (H-NS)

Talk of Yuxia ng Zhao Hyperon Nucleon Spectrometer (H-NS)
Momentum resolution: at Wed neSday 10:50 | Baryon Polarimeter | | Pixel tracker | [ Calorimeter |
¢« ~2%@1GeV when <2.5
PID:

* K, separation (~30) up to 2 GeV/c
* K, p separation (~30) up to 5 GeV/c
Vertex resolution:
» Excellent vertex resolution for
background suppression
* Material budget (<10%)
Acceptance:

* 5to 100 degree
High event rate

« 1MHz
Baryon Polarimeter - determine final
state proton’s polarization
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Signature of pC scattering tracks
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Precision measurement of proton polarization

Events
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v’ Scattering track: > 70%
v' Non-scattering track: ~ 4E-6
» Low background contamination!

» High precision measurement!
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Physics potentials



» Spin structure of baryon?

‘ Nucleon Polarimeter ‘

Pixel Tracker

H-NS
Reaction: p+p
Event rate:1MHz
Time: 3 months
* pp~> A+X N~101
* pp2>ptX N~108
* pp ?>pKA N~1010

Physics potentials at H-N'S
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» Spin structure of baryon?

‘ Nucleon Polarimeter ‘

Pixel Tracker

H-NS
Reaction: p+p
Event rate:1MHz
Time: 3 months
* pp~> A+X N~ 101
* pp2>ptX N~108
* pp ?>pKA N~1010

Physics potentials at H-N'S
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» Heavy ion physics?

‘ Nucleon Polarimeter ‘

Pixel Tracker

H-NS
Reaction: A+A

Event rate:

Time:
c AA > A+X
c AA > ptX

Physics potentials at H-N'S
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Global polarizations have _|
been observed in event
plane: signature of baryon
6| vorticity especially at high

baryon density » A new probe with proton polarization?

» Difficult at STAR, but possible at H-NS

Py (%)

* Global polarization of proton?
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e
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In e*e- colliders -- BESIII

y
- v' Nucleon time-like form factors Gg/Gy,
- B . * Absolute value of Gy,Gy, can be obtained from the cross-
~ section measurement
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In electron 1on colliders -- EicC
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v’ Scattering track: > 70%

v Non-scattering track: < 1E-6

» Low background contamination!

» High precision measurement!
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Summary

v’ Method to measure final state proton polarization at collider experiments proposed.

* new concept of general-purpose spectrometer

v' Optimization and performance study based on H-NS detector performed.
* obtain the spin polarization of final state proton
* applicable at all reactions (ee, ep, pp, AA) and in a wide energy range
 almost no impact on the conventional performance

* almost negligible expense
v’ Potentials of the new general-purpose spectrometer discussed.

* areference measurement compare to the previous /A polarization

* relative phase of EMFF, etc.

Thank You






In e*e- colliders -- BESIII
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da/dQ)(mb/sr)
3, 3. g,

O ~54.5mb

Probability of pC scattering
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Number of C nucleus per unit area (cm2), in CarbonFiber layer
= d * o * N¢/Molar mass  * A
=0.1cm * 1.57g/cm3 * 1/12mol/g * 6.022*1023 /mol
=7.9*%102! /cm?

Cross section of p scattering off Carbon with scattering angle > 5°:
54.5 mb =54.5*% 1027 cm?

The probability of pC elastic scattering in Carbon layer of 1 mm:
Prob=7.9* 10?1 /cm?2 * 54.5%* 1027 cm?
=4.3 *10+



Spin with valuable information

A reaction is described by the cross section and the polarization.
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» The polarization contains valuable information.
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Physics potentials in ete- machine -- BESIII




Dedicated proton polarimeter

polarimeter

beam
spark " S

chamber

4

H? target

Fig. 3. Apparatus used to measure the polarization of protons from A® decay through proton-cartbon

scattering. The A® are produced in hydrogen. The counters = and = select low-encrgy decay pions,

-while P, P, C select decay protons. All counters are madc of plastic scintillator except for C, which

is a water Cerenkov counter. The polarimeter consists of carbon plate spark chambers. The tracks
are photographically recorded with 90° stereo,

[1] Nuclear Physics B40 (1972) 221-254.

» Difficult to integrate to the multi-purpose detector concept

two CH2 analyzers F drift chambers

Figure 5: The FPP in the HMS in Hall C as currently designed.

[2] AIP Conf. Proc. 412, 342 - 348 (1997)
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