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HIAF O Nuclear physics research

High Intensity heavy ion Accelerator v' to explore the limit to the existence of

Facility nuclei in terms of proton and mass
numbers

v" to find exotic nuclear structure and
study the physics behind

v to understand the origin of the heavy
elements in the cosmos

v to depict the QCD phase diagram of
nuclear matter, etc

& O Total budget: 2.8 B CNY ¥ (424 M USD $)
O Schedule: 2018-2025
O Construction started officially Dec. 2018

O Located in Huizhou City of Guangdong
Province in south China



Brief introduction of HIAF

HERS: FIB 1S i physics sta OV M A L

External target station ,/Ny'%

*  Nuclear Matter L:192m, Bp: 26 Tm Energy 17 (U%+) 835 (U%+) 800 (U%2+) 800 (U%2+)
2, 2% (MeV/u) (u35+)
*  Hyper-nuclear N _— : S :
. . _y ; - Intensity 28 28 2*10M -- 1010
*  High-FE irradiation - |{ oA puA oPp PPP
B c , (U35+) (U35+) (U35+) (U92+)
Operation CW CW or Fast Momentu DC,
______ mode or pulse ramping m deceleration
= pulse 12T/s 3Hz  resolution
High precision spectrometer ring 1100
BRi Circumf. 277 m, Rigidity: 15 Tm
Ing 81.25 MHz 162.5 MHz
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ILinac: Superconducting linac
Energy: 17MeV/u( 2% 1P>*)

Intensity: 28 puA RT Front End

. — T = Energy 0.8MeV/u
Intensity: 28 puA( 238U3%*)

Low energy nuclear structure
and irradiation terminal



v Prototype of HIAF Front-End

.- A n
v User facility i ustments‘,‘s = (estpen® 8
 Low energy nuclear astrophysics enerd " :
= = = - Bea 3 - - - ‘
* Material irradiation = N \

* material property fast evaluation
*  X-ray spectrometry with very

high charge state ions %

QWR DTL QWR

81.25 MHz RFQ @ 0.5 MeV/u

* Launched at IMP in 2015

* RFQ assembled in Dec. 2017 and RF
conditioning finished in Feb. 2018

Superconducting ECRion source «  Fjrst beam in May 2018

* Beam energy adjustment system.
from 2019 to 2021

Multi-Harmonic Buncher



The world first 4" generation ECR ion source FECR r;?n}D

N

v FECR will be installed on LEAF by the end of this year Zhao's talk
] ] in IPAC'22 and
v' A 28 GHz super-conducting ECR source SECRAL is used for Hhie EEEREREE
Commissioning FECR key parameters
KDE422 GM Cooler
] G A ECS e i Magnet conductor Nb,Sn
[ Avia ied [ 6510735
?140 Pl R
Chamber [ ] Sextupole field [T] 3.8@r=75 mm
45 GHz RF Launcher | d Maximum field [T] 11.8T
Quasi-optical to = 5 = i ,' tz\zioz '”:tel:n .
Oversized WG ” | — II'. - J|I I' I‘ ‘IH s = Maleum StreSS [Mpa] 150
2| o — |
= "’ Magnet bore [mm] >®P160
____‘ Stored energy [MJ] 1.6
1000 L,-’s TP 2300 L/s TP
Extraction voltage [kV] 50

Typical beam 1.0 emA U35+



4-vane RFQ

Duty cycle
Operating frequency (MHz)
Resonant cavity
Input particle energy (keV/u)
Output particle energy
(keV/u)

Max. Vane voltage (kV)
CW RF power (kW)

Peak field at electrode surface
Leng

100%
81.25
4-vane
14
500
70 (M/q=7)
60 (M/q=7)
1.57 Kilpatrick units
~596.4

e ‘ Beam current on FC

Source drain current

RFQ vacuum ’_
' L

MEBT vacuum

Water temperature on RFQ wall

Water temperature on RFQ vane
” ; = =a ’

|




v lon M/q=2~7 : * Y. Yang, et al. Phys. Rev. :4006[. Beams 22, 110101 (2019)
v Beam current~100 epA

/\/ BPM/\
B Transmission efficiency > 97% \ / V\ /\/\

B Acceleration efficiency>85% (with Pre-buncher,
operation with two frequencies, RFQ fundamental and sub- P pmeh
harmonic)

Primary bunch
1
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* Three-gradient technique

* The measured emittances are systematically
1.2~1.4 times lower than those expected
from simulations due to the methodic error

* Lower emittance with the MHB operating
with the RFQ fundamental frequency by
lowering the bunch charge



Challenges In

Ar®* 1.2 mA from source
e Without LEBT collimator
* Accelerated current: 733 epA
RFQ transmission ~ 72.4%

v With LEBT collimators

v’ Half of the current removed
v RFQ transmission >90%

v’ Accelerated current: 410 epA

heavy ion beam acceleration
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* lon source current . 690 epA
* Drain current:. 10.3 emA
*g,:0.23 t.mm.mrad

* g,,:0.18 m.mm.mrad
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* lon source current . 1370 epA
* Drain current:. 19.9 emA

* g, 0.43 mt.mm.mrad

* €, 0.36 T.mm.mrad
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How to maintain beam quality while increasing the current is an important task!
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12 Beam energy adjustment system-Motivation

Uncertain Cross section at stellar energies .
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» Large difference between
THM and
Hindrance—>Highly
uncertain rate

 INDIRECT: Corrected THM
exhibits a trend similar to

Hindrance by replacing
PWIA with DWIA

 Unknow resonances

12C(12C,p)23Na (Q=2.24 MeV)
12C(12C,0)°Ne (Q=4.62 MeV)
12C(12C,n)23Mg (Q=-2.62MeV)

LEAF, which can provide a high intensity of °C beam up to 100 ppA, will be an ideal platform to
measure cross sections of 2C+12C reaction at astrophysical energies if it could provide a broad
beam energy variation of 0.3~0.7 MeV/u with carbon ions while maintaining energy spread



QWR DTL QWR

81.25 MHz RFQ @ 0.5 MeV/u

Superconducting ECR ion source






Basic design specifications of the DTL

Operating frequency (MHz) 81.25
Number of gaps 8
Design ion M/Q 4

Input particle energy (MeV/u) 0.5
Output particle energy (MeV/u) 0.3~0.7
Max. gap voltage (kV) 195
Q factor 11928
Peak field (Kilpatrick units) 1.43
Max. RF power (kW) ~18.6
Tube length (mm) 32
Gap (mm) 25.96
Drift tube inner diameter (mm) 40
Cavity length (mm) ~563.7

Cavity diameter (mm) ~910.6



15 Beam test

current (a.u.
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LEAF-AMS (Accelerator Mass Spectrometry)

o= 0.09%
oy
|

Particle velocity selector : y: |

O Trace actinide detection

Counts
BEEEEUNE

<
0/
S Linac O 2 Ze
o ® )
S %
g o O
S A
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» Effcient production of high-charge
state ions ensures the elimination Energy/range
of molecular ions at the source measurement
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Count

Preliminary results-detection of

Uranium
Detection of 234U
234J34+ jons were selected from the
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v" Successful to detect and identify
Uranium isotopes and interferences

x Measurement of isotopic abundance
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vl
18 Summary B>

B As the prototype of HIAF Front-End, LEAF has been constructed and successfully
commissioned. Key performance parameters demonstrated.

B High transmission efficiencies (typically higher than 97%) were relatively easy to
achieve for beam currents of ~100 epA level. However, while beam current goes to
several hundred euA or emA level, the transmission efficiency of the RFQ is
gradually reduced because of degraded beam quality.

B A setup of ion beam energy adjustment system has been developed, precise beam
energy tuning with 0.3~0.7 MeV/u has been achieved, and more than 50 puA carbon
beam with an energy spread of ~0.11% (1*0) has been delivered to the experimental
terminal.

B Accelerator Mass Spectrometry has been developed based on LEAF, preliminary
detection of Uranium was implemented, feasibility demonstrated.



Thanks for your attention

and for your patience in listening to the remote speaker!

yangyao@impcas.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


