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1. Motivation 4. Multichromator System
* In magnetically confined fusion devices large power fluxes cross the last closed flux *  Newly developed four color 32 067.8 nm 5wkt
surface (separatrix) and therefore reach the scrape-off layer (SOL). channel multichromator system | _ ,
* The local power deposited on the first wall depends strongly on the transport « Atelecentric lens createsa 1:1 yy NS ¢
perpendicular to the magnetic field lines driven by filamentary turbulence. Image of a 1D-32 fiber array |
* To Investigate steady-state as well as fast transport processes, a thermal helium beam (fibers: @ 0.8 mm, NA =0.11). LIS channel
has been implemented as plasma edge diagnhostic at ASDEX Upgrade (AUG). prm———— Interference filter N ¥4 PMT array
=» Simultaneous assessment of electron density n, and temperature T, information | ‘
with high spatial and temporal resolution in the plasma edge region. |
/ objective N\ 3706.5 nm
4 . . . . I « Acylindrical lens (f = -500 mm) \é
2. Helium Spectroscopy and Diagnostic Principle elongates the images to fit the ‘\
+ Helium is injected into the SOLbya f . Parahelium,[1l] «  Orthohelium, [T '?'ﬁteeﬁtgjor:t?sezgﬁtirr?t.o . '%' connection to \"
- . | . ¢ ) . . \
fast piezo valve [1]. (eV) sllnglelt stf\te Slzo | tl;lpleg stat3e 5=31 wavelength regions by dichroic optical fiber array
« Helium gets excited by the plasma n 'S P D F |, °S P DF Mirrors.
electrons and therefore emits light. ~ 24.6 i ionization imit - Small band interference filters »  The triple of red helium lines and the
e The emission color Changes 24 — : (FWHM =1.5nm; transmission StrOngeSt helium line with 587.6 nm are
dependent on the plasma : T >90%) are placed in front of the measured.
temperature and density. 23 — | 4 & 32 channel photomultiplier tubes * The 587.6 nm filter can be replaced to
. L . T\ R RS (PMT; HAMAMATSU H11460-20). measure the He* signal at 468.6 nm.
* Intensity of four emission lines is O ~
i | o oN \ /
measured by a multichromator 22 = o\ IS
system. 3 Y - N
. The optical system of helium is 21- i gl 5. Measurement Geometry - Combination with GPI
ﬁl;]\ggled Into singlet (s) and triplet (t) o0 i o?i In vessel components in AUG: B W, .
- e - Dip tube for gas puff imaging (GPI) Ry t'f{' ‘e - Rl i [
- Comparison of the measurement 0 E- . o provides a 2D image, recordable with a e~ | '

with a collisional-radiative-model filter fast camera (Phantom v711)

(CRM) allows temperature and « Atwo lens optical head provides:

density reconstruction [2,3]: - = 52 LOS, radially and poloidally distributed

=» Measurement range ~ 8.5 cm

=>» Spatial resolution ~ 3 - 6 mm =y | |

=» Temporal resolution ~ 1.1 ys (= 900 kHz) N ="' ¥ R
| " lines of sight

(N TNETA Tt

=» singlet/triplet line ratios = T,
=>» singlet/singlet line ratios =» n,
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- Several line ratios and CRMs are —~ 2.5 S
tested. The results are compared to i

- Poloidal cross section of AUG
established diagnostics. 22.0

| SO s | LOS
»  Processes as the treatment of high L5\
Rydberg states in the CRM [3] or 1.Or
: : 1.07 <«— |limiter
the inclusion of charge exchange _0.10Ll
between He* and deuterium might 0.5¢ 0.5
be especially important for T, = = ~ -
evaluation. 60 80 100 E £ 015 ;
T, sensitive T, (eV) n, sensitive ~ 0.0 N S ~
(singlet/triplet), 501/587 (singlet/singlet), 501/504 = f\\f &
\ / 05 5901 L/ ||l , capillary N !
| [1111]] [
/ | | | | | \ )
3. Rating and Comparison of Line Ratios 10 \ f peze
—0.25} A6 RN valve
51el9 ? _| n.profile; L-mode | 5lel9 ? | n. profile; H-mode | 1.0 15 >0 = >1 55
o o Li-beam data | ° o Li-beam data A Rl
4_ ...................... ...... He_beam data, ADAS o .?’&:‘ | SR He_beam data, ADAS o . . . . .
* ¥ ** - With the high spatial and temporal resolution, the thermal helium GPI video
ol T 1 S e A | | beam is best suitable to perform turbulence measurements in
= £ plasma edge region.
ol ¢ - T | «  T.,and n, information can be combined with a full 2D picture from GPI.
: ? f f « This example shows the total emission of the He | 587.6 nm line.
1, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
# 34266; H-Mode; t; = 6.90778 s; measured at 400 kHz
| /
0298 / / /
Dol Ppol _ /
# 32030; L-Mode (2.1 — 2.5)s; 501 / 504 # 32030; H-Mode (3.34 — 3.57)s; 501 / 504 /
*  The 501/504 and 504/667 s/s ratios show an excellent agreement with the lithium beam / / / /

diagnostic for both CRMs for the density profile.

« The usage of other ratios does not lead to a consistent result. J
« The temperature evaluation strongly depends on the singlet/triplet mixture and the
applied CRM. The inclusion of further processes may lead to consistent results. a ™\
le19 n, profile; L-mode; = o Lmod 6 OUtIOOk
e i rofiie, L-moade | . : : : . .. :
> L hybr.ld model - 140 0% = e P « Detailed comparison of the new fast helium line ratio diagnostic with established.
N Li-beam data 120f Oy > © Thomson data diagnostics at AUG as probe measurements, Li-beam and Thomson scattering diagnostic
4t b=k - 587 /706 nm | ool —4 # # He-beam data, ADAS « Testing of the extended CRM and rating of the additionally implemented processes.
~ 5 - S T O -+ 492/667 nm | TR hybrid model, no Ry Selected applicational prospects of the thermal helium beam:
OFE N 504 /667 nm|| > 80~ faii{* = hybrid model, Ry |- « Characterisation of SOL T, profiles and decay lengths
= |e = “+ -+ 501 /504 nm ‘;; ? A T e « Temperature fluctuation in I-mode, density and temperature cross-phase measurements
S el | ++ **** - - 492 /504 nm| | « Origin and propagation of filaments, origin of SOL turbulence
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