
26th EPS Conf. on Contr. Fusion and Plasma Physics, Maastricht, 14 - 18 June 1999      ECA Vol.23J (1999) 1413 - 1416

1413

���������
	����������������������
	�������������������! "�#%$'&(�'�)

*,+.-0/214365�+7*�869:/2;<3�=
+�>�/@?BA6CEDGFHF436*,+H>�;JI1(?BA6F�/2;<37>%+�>�;JI17KL/<M7DGN7/2;<3O*P+7Q01�RS37TU+WVYXU+657DGM�;ZN7D[?\M43
]�+.^_+7`%abF7KL/28Hcd375e+gf7/21�9Z/2;:/<;23Ohi+7j�/2;Z/2kl/2;:m</2kO3n]�+Oo6?BM6p�/<aqF�m2/<;23l]�+Ool9Zr[N7/2;<3�s�+Ool1�9:9Z;:rJt43ODuF7vw9ZM�/

x o6Q%^�yzX0t�{J;\D[v6/}|4/uDGC
~��G�u�������l���B�u���B�������q���l������6�)�e���G�<�}�d���H�2�<���2���i�4 0¡P¢¤£¤~¥��¡��\�<¦u�2�§�[���§¦l�l�%¨��l�Z�B�H�§�[©G��¨%ª����}�l���

c £«�G�} )�§¬2©ª0¡��\�<¦u�2�§�[�LªZ¬������§®uª��¯�<�q����ª:�\�°£��G�} )�§¬2©ª:�P¢O±°²�³u´l²µ2�P�4¶�¡
·�¸g¹uºu»4¼�½�¾[¹@¿�»7¸
X0F(v/2;\K�9\DuF7vaqFH{%/2F�/2;Z{[8i9:;\DuF7KLt7rJ;:9�abFUt�ÀÁD[K�CED[K�v6/2klr[9Z/uvU9:r0Â�1(KLaqrJFÃ;Z/uKL/@DG;\?\MUaÁK�9:MH/�KL1�N6Ä:/u?�9�ruÂ4aqF6V
9Z/2F7KLabkl/�KL9Z17vaq/@Kd+ x t7Du;:9:aÁ?d1�ÀÁDG;¤r[N7K�/2;:kJDu9:aqrJFÅrGÂÆ/2Àq/@?d9:;Zr[FÇ9:;\DuF7KLt7rJ;:9�aÁK�9:M�/)KLruV�?2DuÀqÀb/uvÃÈuF�r[F6V�Àbr6?2DGÀÁÈ
9Z;\DGF(KLt7r[;Z9%t�M�/2FHr[CÅ/2FHr[F43Hva§KZ?drukl/2;:/uv}É7;\K�90abFw9ZM�/i|�^�yP|Ê9Zr[AJDGCËDGA�Ì�ÍdÎ4aqFErJM�CÅa§?)va§KZ?BM7Du;:{J/uK�DG9
ÀbrGpÏv/2F(KLaq9Zaq/uK�+�ÐY9ia§K}?\M7DG;¯D[?d9Z/2;:abm2/uv¥N8�DwÂ�D[K�9ÃabF7?d;Z/uD[K�/ÅrGÂ)9:M�/Ñ/2Àq/u?�9:;:rJF
9:/<CÅt7/2;\Du9:1�;Z/ÅaqF
9ZM�/
t�ÀÁD[K�CEDÅ?d/2F69:;Z/UabF¥;:/uK�tgrJF7KL/Ç9:rÑ/uv{[/Ç?�rlr[ÀqabF�{Et�1�ÀÁKL/uK0tH;:r6v17?�/uvÒN68ÓabFuÄ:/u?d9ZaqrJFÓrGÂ«aqCÅtH1�;:ab9:aq/@K'N68
CÅ/@DGF7K¤rGÂ�fSDJKL/2;�V�>�ÀbrGp�VZÔ�Õ�ÖLfS>0ÔP×\+

ASDEX Upgrade#10522

3.9 4.3 4.7
time  (s)

0

1

2

3

T
   (keV

)

0

1

e

n 
  (

10
   

 /m
   

)
19

3
e

_
ρ = 0.09 

ρ = 0.19

ρ = 0.27

ρ = 0.33

ρ = 0.46

ρ = 0.60
ρ = 0.70 
ρ = 0.80
ρ = 1.00
t
Ø

Fe- 
Ù
injections

Ú'Û�ÜgÝ(ÞdßEà�áPâ4ãqä)å0æ§ç�èuéZåBê«ëYì�æqíJå%å�îïåZédæ§ç�ëuð
æ§ådä'ñnå�ç�èuæ§ò[ç�å}èuæ¤óuã ôeådç�ådð6æ¤ç�èuóGãbã�ê:íJëuõ4ãqðJö
é:ëuîïó2÷�ñHòJîøê\å\êPì\ç�ëuä æqíJåùãbðBú¯å:é�æ§ãqëuðûë�ì¥ü7å2ý
âÆíJå
æ§ãbä%åþæ§ç�èué:åþë�ì
æqíJåþîïãbðå
èuÿ�ådç�èdöuå:ó
óGå�ðlê\ãqæ��)ã�ê�ê:íJëuõ4ðÅëuðÅæqíJåPæ§ë:ñ7ý

x FÑ/2R9Z/2F7K�aqkl/�KL9Z17v8ÇrGÂ ?drJÀ§vÃtH1�À§K�/uK'abFÅ|�5�|�*zÌ��uÎOabF7va�V
?2Du9:/uK%9ZM7DG9i9:M�/Çt�M�/2FHr[CÅ/2FHr[F�r6?2?d1�;¯K°a�Â�9ZM�/Ã/<CÅt�aq;Za§?2DuÀ
?drJF7vab9:aqrJF�����Ö	��×�
� ���\Ö	��×������������ûÍ������þÌ C�� "!2/$#%�	&('�Î
aÁK Â�1�À�É(ÀqÀq/@vO+ x Àb9:M�rJ1�{[Mû9ZM�a§KÑ?dr[F7v6aq9:abr[FûabCÅt�Àqab/uKd3¤9:M(DG9
9ZM�/%v6a§K:?\M7Du;:{[/@K�DG;Z/%F�rJ9�rGÂ v6aq;:/@?d9¤;:/2Àb/2kJDGF7?d/�Â�rJ;�DP;:/uDJ?BV
9Zr[;23�9:M�/Çt�;Zr[F�rJ1�F7?d/uv�/dÕS/u?d9PCED28ÓM�/<Àqt�9:r!va§K�9:abF�{[1�aÁKLM
N7/29�p�/</2FEva�ÕO/<;:/2F69�9Z;\DGF(KLt7r[;Z90CÅr6v6/2À§K�+�*�/u?d/2F69eKLaqCÇ1�ÀÁD@V
9Zaqr[F(K°N68¥`%abF7KL/28¥/<9PDGÀ�+ÓÌ)�GÎ¤17K�aqF�{!va�ÕO/<;:/2F69%9:;¯DGF7K�t7r[;:9
CÅr6v6/2À§K�;Z/2kl/uDuÀq/uvU9ZM7DG9e9:M�/)?dr[1Ht�ÀqabF�{PNg/<9Lpe/2/2F}9ZM�/0/<Àq/u?BV
9Z;:r[F DuF7v�9:MH/¥aqr[Fû9Z;\DuF7KLt7r[;Z9Ea§KÅDuFû/uK:K�/2F9Za§DuÀ_Â�/uDu9:1�;Z/
F�/</uv/uv�abFû9:M�/¥CÅr6v6/2À§K Â�rJ;!v/uK:?�;:aqNHaqF�{�9:M�/�r[N(KL/2;Zkl/uv
t7/2;Z9:1�;ZN7DG9Zaqkl/PN7/2M7D2kabr[1�;<+�ÐY9�?�r[1�ÀÁvÓDGÀÁKLrÇN7/ÇKLM�rup�FþÌ)�GÎ�3
9ZM7DG9ÇD!?d;:ab9:a§?<DGÀ¤{[;¯D[vab/2F9iCÅr6v/2À�3�ÀbaqAl/}9:MH/EÐ�5'o*!uj¤j¤j�f
CÅr6v6/2À�34?<DGF,+l17DGÀbaq9¯DG9:abkl/2Àq8E;Z/2t�;:r6v617?d/Ç9:M�/Å/<Rt7/2;ZaqCÅ/2F6V
9¯DGÀ�rJN7KL/2;ZkJDG9:abr[F7K�3p�M�abÀq/«v/2t7/2F7vabF�{%rJF�Àq8ir[FÇÀqr6?2DuÀ�kJDG;:a�V
DuN�Àq/uK�+¤Ð�FÃ9ZM�a§Ke?dr[F69:;ZaqN�1�9ZaqrJFÃ9ZM�/P?\M7DG;¯D[?d9Z/2;:aÁKL9:aÁ?2K�ruÂ�9ZM�/
?drJÀ§vùtH1�À§K�/uKUt7/2;LÂ�rJ;:CÅ/uv¥aqF x o6Q%^�y X0tH{[;\DJv/Ep�aqÀbÀ'N7/
/2RHDGCÑaqF�/uvEaqF�v/29¯DGaqÀ�+}sù/Ç17KL/@vù;:/2t7/29Zaq9Zaqkl/UtH1�À§K�/uKPDGF7v
kJDG;Zaq/uv%9ZM�/eKLr[1H;\?d/erGÂS?drlrJÀqabF�{�3u9:M�/e/2Àq/@?d9:;Zr[FPv/<F7KLab9L8°DGF7v
9ZM�/}KZD@Â�/29�8ÅÂ�D[?d9Zr[;<+0|�MH/UN7/2M7D2k6aqr[1H;0ruÂ�D}9�8tHa§?2DuÀ�?dr[ÀÁvwt�1�ÀÁKL/ia§K�?dr[CÅt(DG;:/@vË9ZrÅK�aqCÇ1�À§Du9:abr[F7K�p�ab9:M
9ZM�/EÐ�5'o*!@j'j¤j�f�CÅr6v/2À�+¥T0/uDu9Ut�1�ÀÁKL/uK%Â�;:rJC ^.-e*�V�M�/@DG9:abF�{�p�/2;Z/ÅDut�t�Àqab/uvù9Zr¥9:M�/Å/@v{[/ÅruÂ%9ZM�/
t�ÀÁD[K�CEDU9:rÇK�9:17v8E9ZM�/iKL86CÅCÅ/�9:;:8irGÂ¤9ZM�/Pt�M�/2FHr[CÅ/2FHr[F4+
/1032546ºu¿76,4l¸g¹98*:<;=4�¹u½32
|�M�/«?dr[ÀÁv,t�1HÀ§KL/@K pe/2;:/et�;:r6v1(?d/uvUN68%aqCÅtH1�;:ab9L8�aqF@Ä:/u?d9:abr[FPk6a§D�D0;:/2t7/29Zaq9Zaqkl/�ÀÁD[KL/<;�DuN�À§Du9:aqrJFÇKL8HKL9Z/2C¥+
Ð�9P?drJF7KLaÁKL9¯K°ruÂ«D>�6+@?J]�!2t�1�ÀÁKL/Ñ-%v�VBA x h�ÀÁD[KL/<;}ÖDCFEiÍ[+���?HGJIOCÓ×�p�ab9:M¥t�1�ÀÁKL/dV�;\Du9:/uK�rGÂ�1Ht¥9:rK���ET0ml+
|�M�/ÇÀ§DJKL/2;PN7/uDuC�a§K_Â�r6?d1(K:KL/@vùr[F�9:M�/Ç9\Du;:{J/29PN8�DE?drJCÃN�abF7DG9ZaqrJF¥rGÂ�CÑrGkJDuN�Àq/iÀq/2F7K�/uKPDGF7vÓÉ7R6/uv
CÅab;:;Zr[;\K�9ZrÇDGÀqÀbrupû9:M�/Pv6/ML7/u?d9ZaqrJFÅDuF7vÃÂ�r6?d17KLabF�{}rGÂ 9:MH/%À§DJKL/2;eNg/@DGC¥+ x K'9¯DG;:{J/29\KN�6+@�OIOC É7ÀbCEK�ruÂ
5�/�r[;eÀ§D28l/2;¯K ruÂ DGN7r[1�9)Í[+��°CÑ{�!u?�CP'�rGÂQ-
rJ;_onaOv6/2t7rlKLab9:/uv}r[FÑD,{JÀ§DJK:K¤KL1�N(KL9:;¯DG9Z/%p�/2;Z/�17KL/@vO+¤|�M�/
DuCÅr[1�F69PrGÂ�abFuÄ:/u?d9Z/uvÓCEDG9Z/2;:aÁDGÀ�p�DJK,kJDG;Zaq/uvùp�ab9:M�9:M�/ÑKLabm2/ÇrGÂ�9:MH/ÃÀÁD[KL/<;,Â�r6?d17K�+E|'86t�a§?<DGÀ¤kJDGÀq1H/uK
Â�rJ;�9:M�/PF61�CÃN7/2;¤ruÂ�abFuÄ:/u?d9Z/uvÃt7Du;:9:aÁ?dÀq/@K�DG;Z/iD Â�/2p�Í�����R%abFÅ9:M�/i?2DJKL/PrGÂS- DGF7v!DGN7r[1�9iÍ$��BT_abFw9ZM�/
?2DJKL/ÅruÂ�5�/l+E|�M�/ÑM�/uDG9Pt�1HÀ§KL/@K,p�/<;:/ÇÀ§DG1HF7?BMH/uvÓN8�M�/uDu9:abF�{Ep�aq9:M Dw{[86;:rJ9:;Zr[F
/2CÑaq9:9ZaqF�{ËDG9ÅÍUG�
h)T0ml+«|�M�/iv/2t7rlK�aq9:abr[F¥m2rJF�/i?2DGF¥N7/ D[v2Ä:17K�9:/uvEN8Ë?BM�rlrnKLabF�{Å9:MH/}D[v6/V+�1(DG9:/iCEDG{JF�/29Za§?_É7/<À§vEDGF7v
N68Evab;:/u?d9ZaqF�{ D CÑrGkJDuN�Àq/�CÅaq;Z;:rJ;�r[F69:rÑKL/<Àq/u?d9Z/uvWL71HREKL1�;�Â�D[?d/@K�r[1�9�rGÂ 9:M�/PM�rJ;:abm2r[F69\DuÀ4t�À§DuF�/l+



26th EPS CCFPP 1999 ; R.Neu et al.: Cold Pulses and Heat Pulses at ASDEX Upgrade
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