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CMS
A Compact  Solenoidal  Detector  for  LHC

FORWARD
CALORIMETER

MUON CHAMBERS TRACKER CRYSTAL ECAL HCAL

AIR PADS

SUPERCONDUCTING
COIL RETURN YOKE

Total weight
Overall diameter
Overall length
Magnetic field

:    12,500 t.
:    15.00 m
:    21.60 m
:    4 Tesla
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\^] _�`ba�c@d`feg`bhieg`bj�kgaml\!n5jporq�a
stYHuwv&xYyV;Ygz8V;Yy{�X|u@}PC~�{��i�ru�zM�i�ruJV�TWV;{�Yy�UV��WYgu�zM�.{rz=O�Ygu*�WYgu�RU�W{ru�YM��V;Y�X;��Ygu�vU{�uJR^YHzMV;XZ�i~�}YyV;XZY�-^����u

u�Y�XbxYyRQPSX;VJT�u;u�Y��UVmv�PS�Qu[�f{QPSV;XZY�Yy�ru�Y�~��U�WYgu�z8�i�rzMY��UVZX�T��f{�YguM-�N&Ygu�Yy�ruJYy~��U�WYgu�uJ�i�bV[zM�.�ru�VJTWV;{�xYgumvUY
z�OrPS~���XZYgu1}P[v�xYyXJT���YCv�PS�ru���P[XbxY��STW�i��zMYy�bV;X|PH�WY�YyV�vUYCz=OQPS~���XZYgu@}PCRUT�u�V;YHuwz�PSV;O��bvUYgu�PHTW�ru�T���{�Y�vUY
z�OrPS~���XZYgu�}P�RU��Pi��{�Ygu�RrPgX�PH�#�F}YM�WYgu�v�PS�ru��WYgu�XbxYy�STW�.�ru�Py�.PS�bVy-

s���T�vUYy�bV�T#��zyPgV�TW�i��vUYHu�~�{��i�ru�RrYy{�V�uJY��FPyTWX;Y�vbY@vbYy{U��~mPS�UT�}YyXZYgut�

05}P@�F� PHT�vUY�vUYgu�v&xY�V;YgzMVZYy{�X|u�vUY�V;X�P.zMYgu�TW�UVZYyX;��YHu�YyV�vUYgu�zyPy�W�iX�TW~�}YyV;XZYgut¡��WYgu�~�{��i�ru���PHT�u;uJYy�UV�{��
u�T��.�rPH��v�PS�ru���YHu¢R�X;Y�~�TWYyX|uM£�YyV�V;X|PH��Y�X�u�Y��UV��WYgu�u�Ygz8�i�rv�u�u;PS�Qu�TW�UVZYyX�Pg�STWX�zM�.�UVZX�PHTWXZYy~�Y��UV�PS{U�
Pg{�V;XZYgu�RQPSX;VJT�zM{U�WYgu�¤ixYM�WYgzMVZX;�.��£�R�O��.V;�i���i{�OrPivUXZ�i�ru�z�OrPSXZ��xYgu�¥r¡

0[uJ�STWV�}P¢�F� PyT9vbY�vUYHu�v�xYyVZYgzMV;Y�{�X�u�vbY�V;X�P.zMYgu�YM��V;YyXZ��Ygu8£;¦;{ruJV;Yy~CYy�bV�PgR�RrYM�8xYgu�v&xYyV;Ygz8V;Yy{�X|u�}P�~�{��i�Qu
R�{bT9uZ�f{�Y�zMY�uJ�i�bV��WYgu�u�Y�{U�WYgu�RrPSXZV�T�zM{U�WYgu�}P@§���PHT�u;uJYyX�{��¨u©TW�i�rPy�F-

ª¢Y�~5«Yy~CY���P�~�YHu�{�XZY�vUY���Y�{�X�TW~�R�{b�9u�TW�i�¬RrYy{�V�u�Y¢�FPyT�XZY�RrPSX�vUY�{U�[���gTWYgu�vfT#­�xYyXZYy�UVZYgu�u��gTWV1}Pw���®PHT�vUY
vUYgu�v&xYyV;Ygz8V;Yy{�X|u�TW�UVZYyX;��YHuM£�uJ�STWVC}Pw�F� PyT�vUY�vUYHu¢v&xY�V;YgzMVZYy{�X|u�YM��V;YyXZ��Ygu8-

¯ ] _�`Ua�h�\b°(o^ky±(n²l`�egkg`ba
stYmu��g�8xYy���g³´�vUY�uJ{�R�X�P.zM�i�QvU{rzMVZYy{�X�Ygu�V1P.u;u�Y�µ��.X�PS�Qv!Rr�i{�X��f{�Y��WYgu�zyPH�W�.X�TW~�}Y�V;X;YHu@u��gTWYy�UV�RU��P.z^xYgu

}Pw�F�¶TW�bVUxYyXJT�Y�{�Xy-rs�PC�f{QPS�bV�TWVbxY1vUY�~mPSV�T�}YyXZY�V;X�Py��YyX|u�xYyY�YyV��F�JxY���YyX;�gTWYwRrYyX|vU{�Y�RrPgX��WYgu�RrPgX;VJT9z8{U�WYgu�Py�.PS�bV
�WYy{�X�v�xYyVZYgzMV�TW�.�¬v�PS�ru��WYgu¢z�PH�W�iXJT�~�}YyVZX;Ygu�u��.�UV�~�TW�UTW~�T�u�xY�YguM-
·��¸zyPH�W�iXJTW~�}YyVZX;Y�PiuZu��bz=TWY�{��¹~mPSVbxYyX�T�Pg{¸PS�ruJ�iX;�rYy{�X¬Rr�i{�X�X|PH�WYy�bV�TWX[��YHuºRQPSX;VJT�zM{U�WYguM£�Py��Ygz�{��

~�T/�#TWYy{¨v�xYyV;YHzMV;Yy{�X�Rr�i{�X�~�YguJ{�X;Y�X��F�JxYy��YyX;�gT�Y1v&xY�R^�»u�xYyY»-

¼ \b°(o^ky±(n²l`�egkg`¾½p\�cpkSorq�±(¿�j�`�À ª¢YHu!uZz=TW�UVJT/�#��PSVZYy{�X|uÁRb�9P.u�VJT9��{�Ygu�uJ�i�bVÂTW�bV;YyX|zyPH�8xYgu5Yy�bV;X;Y²vUYHu
PS�Qu��iXZ�rYy{�X�uCvUY�zM{UTW�bX;Y�-�����vU�STWVCR^Y�X;~CYyV;VZX;Y�vUYm~�YguJ{�X;Y�X@���JxYy��YyXZ�STWY�YyVw��P�vfTWX;Ygz8V�TW�i�ÃvUYgu�¦;YyV|u�vUY
RrPgX;V�T�zM{b��YHuM-&Ä¢��Ygzw��P5zM�.{���YyXZV;{�XZY[vUYmLiÅÆ��P¬~�YHu�{�XZY�vUY��F�JxY���YyX;�gTWY[V;X|PS�ruJ��YyX�uJY[~[Pg�r��{rPS�bV;Y[RrYy{�V
«YyVZX;Y�Yy�b�fT�u;Pg�pxYyY»-

¼ \b°(o^ky±(n²l`�egkg` d`�°(`UhieHkSornÇ\bÈtq@d`�ey±(¿�j�`�À ���²YguJVÉzM�.�ru�VJT�VZ{�xYÊvUYÊzMX�T�uJV�PS{b� u;z=TW�bV�T#�#��PS�bV�u�vUY
V;{�����uJV�PSVZY¸vUY3RU�W�i~��¾¤©Ë���Ì¹Í�Îy¥�-1s�PÏvUY�~[Pg�rvUYÆ��P¹RU�W{ru�u�VZX�T�zMVZY¸u�{�X!�WYgu�R^Y�X��(�iXZ~[Pg�rzMYgu�vU{
zyPy���.X�TW~�}YyV;XZY¬xYM�WYgzMVZX;�i~mPS�.��xYyVJT9��{�Y�z8�i�rzMY�X;��Y�u;P@XbxYgu��g��{�V�TW�i��Yy��xY���YyX;�gTWY�-�Ë��.{�X�T�vUY��UVJT/�QYyX�{��m�^�»u��.�
vUY�Ð�TW�.��u�u�Y�v&xYHu©TW�UVbxYy�iX|PS�bV[Yy�¸vUY�{U�²R�O��iVZ�i�ru�T#��YguJV[��xYgz8Ygu;uZPHTWX;Y���{��ÑY8�/�WY�uJ�STWV�u�{UÒºu;Pg�UVZY5R^�.{�X
vfT�u�VJTW���i{�Y�X�zMY1u©TW�i�QPH�,vU{���X;{UTWV�vUY��(�i�rv�-

¼ \b°(o^ky±(n²l`�egkg`baºeHk�l`ba�l\Ç°JÓ�\iÔr\�q^e�À �©��u�u��.�UV�RU��P.z^xYguC}P¬+i+�~ÕvU{!Rr�gT��bV1vt�¶TW�bV;YyX|PizMVJTW�i��YyV�zM�.{�0
�bX;Yy�bV��9P�XbxYy�gTW�i��vUY�RruJYy{rvU�.0�X|PSRUT�vfTWVbxY@z8�i~CR�X�T�u�Y�Yy�UVZX;Y�ÖU£#×�YyV�ØU-�s�PwVZYgz=O����S�W�i�gTWY@z�O��gT9u�TWYwRr�.{�X�zMYHu
zyPy���.X�TW~�}YyV;XZYwYHu�V��QPiu�xY�Y@uJ{�X���P@~�YHu�{�XZY�vUY¢��PC�f{rPg�UVJTWVUxY�vUY���{�~�TF}YyXZYwR�X;�bvU{UTWVZY@RrPgX�YM­�YyV¢N&YyXZYy��Ù��g�
v�Pg�ru5vUYgu[�r��X;YHuÚvbY��f{QPSX;VZµ!TW�UVbxYy�iXbxYyYgu�v�Pg�ru¬{��Ï~mPSVbxYyX�T�PS{ÛPg�ru��.X;�rPg�UVÇ¤(�(YyX��i{ÜzM{bT��bX;Y.¥�-wN&YHu
zyPy���.X�TW~�}YyV;XZYgu�vU�gT���Y��UV�RrYyX;~CYyV;VZX;Y1vUY�~CYgu�{�XZYyX����JxYy��YyXZ�STWY@VZX�Pg�ru���YyX|u�Y�~mPS�r��{rPS�bV;Y1YyV�vt�¶T�vUYy�bV�T#�rY�X
vUYgu�¦;Y�V�u�V;X�}Ygu�}P@���®Py�iPg�UV�-
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hU] _�`�c@d`�eg`bhieg`Ujpk�h�`bq^egkg\U°
stY�v&xYyVZYgzMVZYy{�X&zMY��UVZX�PH�QYgu�V&{���xYM�8xYy~CYy�UVÝYgu;uJYy�UVJTWYM�Þv�PS�ru�N�ß!àr-UN&Ygu�RrYyXJ�(�iX;~mPS�QzMYgu�vb�STW��Yy�bV¢«YyV;XZY

Rr�i{�X��WYgu�V;X�P.zMYgu�Py§bPS�bV�{���Y��.X�PS�QvUY���{rPS�bV�TWVbxY@vbYw~C�i{���Yy~�Y��UV�V;X�Pg�ru���Y�X�u�Y&�
0�{���Y¢YMÒºzyP.z=TWVUxY�vUY¢XZYgzM�.�ru�VZX;{rzMVJTW�i��uJ{�R�xYyXJT�Y�{�X;Y�}P@á.ØfâÛR^�.{�X�{���Y¢VZX�P.zMY�T�uJ�S�8xYyY�YyV�u�{�R�xYyX�TWYy{�XZY
}PCáiã�âÉRr�i{�X�{���Y1V;X�P.zMY�v�Pg�ru¢{��1¦;YyVÞ¡

0�{���Y[XbxYguJ�S�W{�VJT��.�3uJ{�Xw�WY�RrPSX|PS~�}YyV;XZY�vt��T�~CRrP.zMV�vUYºÖiã¬ät~åv�Pg�ruw�WY[RU��PS��V;X|PS�ruJ��YyX�uJY[YyV�vUY
+�ãiã�ät~Êv�PS�Qu*��PCvfTWX;YgzMVJTW�i�¬µ»-

Ä¹��P��W{�~�TW����u�T�VbxY��iR�VJTW~[Py��YCvb{5s�ÐwN�£�Rr�i{�X�{��3xYy�&xYy��Yy~CYy�bV�TW�UVbxYyX;YHu;u;Pg�UV��WY@��XZ{UTWV�vbYw�(�i�QvÚYguJV
vUYmØiã.ã¬V;X�P.zMYgu1v�PS�ru���P¬XUxYy�gT��.�²zMYy�bV;X�Py�WY�-��©��YguJV1vU�i�rzC��xYgzMYguZu;PyT�XZY�vt�®PH���gTWX�vUYgu�v&xY�V;YgzMVZYy{�X|uwPy��Ygz
{���Y��.X�PS�b{U��PSXJTWVUxY�V;X�}Ygu��r��Y�YyV�{���Y�V;X�}YHu��iX�Pg�rvUY1R�XbxYgz�T9u�TW�i��-

s�Pæ��Y�X�u©TW�.�¾vU{çv�xYyV;YHzMV;Yy{�XÆz8Yy�UVZX�Py��v�xYgzMXJTWV;Y¹T�z=T�YguJVÁ��Pæ��YyX|u©TW�i�èV;X;�gT�u¹¤#¦;{UTW�é+�áiáiê�¥�-�ª¢YHu
~C�bvfT#��zyPSVJTW�i�ru�vU{�vfT�u�Rr�»u©TWV�T#���.�UVmxY�VUxY�YyV�u��.�UV�Yy�rz8�iX;Y1PgR�Rr�iX;VbxYyYgu8-

ë�X;�gT�u�VJ§bRrYgu�vUYCv&xY�V;YgzMVZYy{�X|u¢uJ�i�bVwR�XUxYy�b{ru�v�Pg�ru¢�F�ÑYy�ruJYy~��U�WY�vbY�X;YgzM�.�ru�VZX;{rz8V�TW�i��vUY�V;X|PizMYHu�TW��0
V;Y�X;��Y�¤��r�C+i-®ìf¥|-�stYgu�v&xY�V;YgzMVZYy{�X|u�u�T/�#T�z=TW{�~Õ}P¢RUT#��YM��u�uJ�i�bV��WYgu�RU�W{ru�R�XZ�bz=O�Ygu�vU{CRr�STW�UV�vt��TW�UVZYyX�P.zMV�TW�i�Þ-
����u�RrYyX;~CYyV;VZYy�bV�{���Y�~�YguJ{�X;Y�VZX�}Ygu�R�XbxYgz=T�u�Y�vUYHu���YyX;VZYM�1R�X�TW~mPHTWX;YHu,Y�V&u�Ygz8�i�rv�PyTWX;Ygu�RrPgX���P�XbxYgvU{rz8V�TW�i�
vUYguCPS~��bT��.{b³´WVbxYgumzM�i~��UTW�rPgV;�gT�XZYguM-*stY¬�UTW��YgPg{�TW�UVZYyX;~�xYgvfT�PyT�XZY5Ygu�VCz8�i�ruJV�TWV;{�xY�vbY5v&xYyVZYgzMVZYy{�X�u�u�T#�/TW0
z=TW{�~í}P@~�T�zMX;�.RUT�u�VZYguM-rî��U�r���WYgu�ß!à�ï�NÆ�.�UVmxY�VUxY�z�O��ST�u�T�YHu�Rr�i{�X��(�.X;~CYyX��WYgu�zM�.{rz�O�Ygu�YM��V;YyXZ��Ygu�vU{
v&xYyVZYgzMVZYy{�X�zMYy�bV;X|PH����}{Ú{���Y�XbxYHu��S�W{�VJTW�i�5uJRrPSVJT�PH�WY@~C�STW�ru��r�i����Y���{�Y�zMYM�#�WY�vUYHu�v&xYyVZYgzMVZYy{�X�u&u�T/�#T�z=TW{�~
YguJV�u�{UÒºu;Pg�UVZY�-�s�P��FPHTW�U�WYmvfT�u�V|PS�rzMYmvUYCv&xY�X�TW��Y�¤©Öº�.{�ð[~�~�¥�P.u;uJ{�X;YC{���YCzM�g�#��YHzMV�TW�i��X�PSRbT9vbY[vUYHu
z�OrPSXZ�iYgu8-
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}P�+yð�R^�gTW�UV|uM-

s��ýYy�ruJYy~��U�WY�vUY�v&xYyV;Ygz8V�TW�i��zMYy�bV;X|PH��YguJV����.���mvUY�ê@~�YyV�P@{���vfT�Pg~�}YyVZX;Y�vbY�ÖU£®ê@~¬-b�©�ÞuJY@v�T���T�u�Y
Yy��vUY�{U��uJV;X;{QzMV;{�XZYgu�TW�rv&xY�R^Y��rv�PS�bV;YHu[þ/+.+Mÿ���{���YCu�{�R�Rr�iX;V|PS�bVw�WYgu�v&xYyV;Ygz8V;Yy{�X|u�u©T#�#T�z=TW{�~åPS{�zMYy�bV;X;Y
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ª�PS�ru[z8YyV�Yy�ruJYy~��U�WY[T/��YHu�VC��xYgzMYguZu;PyT�XZY5vUY�zM�.�rz=T#�#TWYyX[{����FPHTW�U�WY¬�FPizMVZYy{�XCvt�ý�bzyzM{�RQPSV�TW�.�3R^�.{�X
��YÏRQPiu¸v�xYy�iX|PivUY�X��WYguÆRrYyX��(�.X;~mPS�rz8Ygu3vU{Êv�xYyVZYgzMV;Y�{�Xy£�Py��Ygz¸{�� �FPHTW�U�WYÛ���i~���XZYÜvUYÜz�PS�rPg{U�
vt�JxYM�WYgzMV;XZ�i�UT���{�Y3Rr�i{�X²vUYHu!X�PyT9uJ�i�ruÛxYgz8�i���.~�T���{�YguM-CË��.{�X�vfTW~�TW�U{�Y�X!�WY �FP.zMV;Yy{�XÇvt�ý�bzyzM{�RQPSV�TW�.�
T#�¢�FPg{�V��#TW~�TWVZYyX���PÂ�W�.���i{�Y�{�X�vUYgu�RUT�u�V;YHu�YyV�~�{U�WV�TWRU�#TWYyX[�WY¬���.~���X;Y¨vUY�v�xYyVZYgzMV;Y�{�X�u8-&ß5PHT�u[vt�ý{��
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V|PS� ÁZ�<Â +� � ����¬« �o �
N&YyV�Pg���S�WY�v&xYyRrYy�rv¬vbY���P��rPSVZ{�X;Y�vU{���Pgµ�-

s�PCXUxYguJ�S�W{�V�TW�.��u�RrPgV�T�PH�WYCYgu�V�PH­�YgzMVbxYyY@RrPgX�zMYyVZV;Y�v�xYy��T9PgV�TW�i�Þ-�N&�i~CRrPSXZ�i�ru¢�WYgu�vbYy{U�¨zM�i�b�r�i{�X|PS0
V�TW�.�ru�R�XUxYguJYy�UVbxYyYgu1u�{�X@�WYguw�r�.{�X;YHu�ÖU-�+.+[YyVCÖU-W+yÖ���{���Y[V;X|PizMY�RrYyXZR^Y��rvfT�zM{U��PHTWXZY5PS{²v&xY�V;YgzMVZYy{�X1Yy�
R�XbxYgu�Yy�QzMY�v��Ñ{��mz=OQPS~CR�~mPS�.��xYyV�T���{�Y�YyV&{���Y¢VZX�Piz8Y¢�FPHT�u;Pg�UV�{���Pg���S�WY�ÁZ�CPy��Ygz���P@RrYyXZR^Y��rvfT�zM{U��PHTWXZY
PS{¨v�xYyVZYgzMV;Y�{�X�Yy�[�F� PS�Qu�Yy�rz8Y�vUY1z�OrPS~CR¬~mPS�.��xYyV�T���{�Y�-rª�Pg�ru��WYgu�vUYy{U�ÚzyPiu��WY�u©TW�.�rPH�&YHu�V�xYM��PSX;�gT�Y�V
uM�JxYyV;Y��rv�PS{��UTW��YgPS{¨vU{�RU��PS��vUY1v&xY�V;YgzMVJTW�i��u�{�X�{���Y���PSXZ�iYy{�X��

UF­ ; b��yV|PS��ÁJ�
��}{�v�Ygu�V&�F��xYyRrPyT�u;u�Y�{�X�vUY¢�F�ÑYHu�RrP.zMY�vUY�v&xYyX�TW��Y�-UN&Y�V;V;Y��9PgX;�.Yy{�X�YguJV�zyPy�9z8{U�8xYyY�Yy�[��Y�zM�.�ru©T�v&xY�X�PS�bV���{�Y
��P��pxYy�i~�xYyVZX�TWY1vU{5uJ§�uJVy}Yy~CY�-�î��#�WY@��Y�VJT�Y��UV�RrP.u¢z8�i~CR�V;Y1vUY���P�v�T/­�{ru�TW�i��v�PS�ru��WY���PSµ»-
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stYCV;Y�~�Rru�vUYmzM�g�/�WYgz8V�TW�i��YguJV@vb�i����xYmYy�5R�X;Y�~�TF}YyXZY[PgR�R�X;�y�bTW~[PgV�TW�i��RrPgXw�WY�VZYy~CRru�vUY[v&xYyX�TW��Y�-
ª�Pg�ru*�WY�vUYy{U�bTF}Yy~�Y�zyPiu8£�Yy�[���®PS�ruJYy�rzMY1vUY�z=OQPS~CR[~[Pg�i��xY�V�T��f{�Y�£UT#�&u8��xYgzMXJTWV��� ; b� �
Ä��W�iX|u¢��{�Y1v�Pg�ru*�WY�R�XZYy~�TWYyX�z�PiuM£�Y��ÚR�XUxYguJYy�rzMY1vt�ý{���z=OrPg~�R�~mPS�.��xYyV�T���{�Y�T#�Ýu�{UTWV¢��P@���gT���4Â b��� �gzM�»u­ÁZ�
stY3u�TW�i�rPy���pxYy��xYyXbxY�RrPgX!{���Y�VZX�P.zMY�R^Y�X;RrYy�rvfT�zM{b�9PyTWX;Y¸Yy�ÜR�XbxYguJYy�rzMY²vt�ý{��Ûz=OQPS~CRæ~mPS�i��xYyV�T���{�Y
¤��Q��-�ÖU-W+i+S¥CXZYgu;uJYy~��U�WY�PS{ u©TW�i�QPH�Cv�«{ }PÁ{���Y!VZX�P.zMY¬TW�rz=�#TW��xYyY�vt�Ñ{�� PS���S�WYVÁJ�3Yy�Æ�F� Pg�ru�Y��rzMY�vUY
z�OrPS~CR�~[Pg�i��xYyVJT��f{�Y�¤(�r��-�ÖU-W+yÖf¥�Py��Ygz�{���Yw��TWV;YguZu�Y1vUY1v&xYyXJTW��Yw~C�g§�Yy����Y�RU�W{ru*�FPyTW�U�WY&� � � �gzM��u­Á �
stYHu@YM­�YyV�u�vt�ý{��²z=OQPS~CR�~mPS�.��xYyVJT9��{�Y5¤����i��RrPSX|PH�#�F}YM�WY�PS{²z�OrPS~CRæxYM�WYgzMVZX�T���{�Y ���¥1u��.�UVmvU�.�rz

{���Y�v&xYy�iX|Piv�PgV�TW�i�ÜvbY¬�9P�XbxYguJ�S�W{�VJT��.�Üu�RQPSV�T�Py��Y�YyV[{��¸P.zyzMX;�gT�u;u�Y�~�Yy�bV�vU{¸V;Y�~�RruCvUY¬�(�.X;~mPSV�TW�.�
vU{¸u�T��.�rPH�F-�����Ygu�VCRr��uZu©TW�U�WY�vUY¨zM�iXZX�TW�iYyXC���ýYM­�YyVmvU{3z�OrPS~CRÆ~mPS�.��xYyVJT9��{�Y�uJ{�X���P!XbxYHu��S�W{�VJTW�i�¸Yy�



Ë�X�TW�rz=TWRrYgu�vbY@v&xYyV;Ygz8V�TW�i��Py��Ygz�vUYHu�z=OrPg~���X;YHu���PSµ�Yy{ru�YHu�}P�~�T�zMX;�.RUT�u�V;YHu ðiØ

V;�.{�X;�QPS�bV@��Y�v&xY�V;YgzMVZYy{�X�vUY��F� Pg���S�WY ù Á � -�N&�.~�~CY���P�vfT�u�V�Pg�rzMY�vUY�v&xYyXJTW��Y�vUYgu5xYM�WYgzMV;XZ�i�ru@XZYgu�VZY�FPHTW�U�WY��9PC�iPgX�T�PSVJTW�i��vU{�V;Yy~CRru�YguJV���xYy�S�#TW�iYHPS�U�WY�-
stY�z=O��gT#��vU{C��Pgµ1vU�STWV�uJY��rP.u�YyX�£fY��UVZX;Y�PS{�VZX;Y�£bu�{�X���P�zM�i���rPHT�u;uZPS�rz8Y@vbYgu�RrPgX�Pg~�}YyVZX;Ygu&��{�Y�u��i�bV

�WYgu�zM��YMÒºz=TWYy�bV�u�vUYCvfT#­�{ru©TW�i�Þ£ ��P[�fTWV;YHu;u�YCvbYCv�xYyX�TW��Y�YyV��F� Pg���S�WY�vUYCst�.X;Yy�bV;µ»- N&Ygu��iX�Pg�rvUYy{�X�u��f{bT
�.PSXJT�Y��UV�Py��Ygz��WYgu�z�OrPS~CRru�PSR�RU�#T9��{�xYgu8£�u��.�UV�v&xYyRrYy�rv�Pg�UVZYgu¢vb{Ú�»PSµ1{�V�T#�#T�ufxY�-



ðiê N&OQPSRUTWV;XZY�Öb-y{zg° ± Ñ~9����Òx��~ ������~��E�
Ö�×�y�×�Ø ²VÛ àøßJ³t Û t åkâ t åHst ç t�´ ß�à¾Ú�á
stYHuÆR�O�xYy���.~�}Y���YguÆv��¶TW�i�UT�uZPSV�TW�.� YyVÃvt� Pg~�Rb�/T#��z�PSV�TW�.�éu�YÜR�XZ�bvU{UT�u�Y��UV¸v�Pg�ru3V;�i{Qu���YHuÆ��PSµ»-

N&YyRrYy�rv�PS�bV��WY�~�xYM��Pg���iY�vb�STWV�XbxYyRr�.�rvUX;Ym}P�{���zMYyX;V|PHTW�[���.~���X;Y�vt�ÑYM�bTW�iYy�QzMYguM-bË��.{�X���{�Y¢�WY�u�TW�i�rPy��£
u©TW�.�rPSVZ{�X;YÜvb{ÉRrPiuZu;PS�.YÜvt�ý{���YÆRQPSX;VJT�zM{U�WY�£Cu�Y¸v&xY���YM�W�iR�RrY v�PS�ru�vUY3�r�.����Ygu�zM�.�rvfTWV�TW�i�QuM-ÚN&YHu
YM�bTW�iYy�rz8Ygu�RrYy{���Yy�bV�RrPgX��(�gT9u�PSR�RrPgX�Pg«´�VZX;YCzM�.~�~CY�zM�.�UVZX�P.vfT�zMV;�gT�XZYgu�YyV�TW�rzM�i~CRrPgV�TW�U�WYguM-��©�ÞYgu�V�Py�W�iX�u
��xYgz8Ygu;uZPHTWX;Y*vUY&V;X;�.{���YyXpvUYHu�zM�.~�R�X;�i~�T�u Y����(�.�rzMVJT��.�CvUYgu�R�X;�.R�X�T=xYyVbxYgub¦;{��pxYyYHuÞ�WYgu�RU�W{rutT�~CRr�iXZV�PS�bV;YHuM-

s���TW�i�UT�u;PgV�TW�i�ÜYyVC���®PS~CRU�#T#��zyPSVJTW�i�ÜvU�gTW��Yy�UV5«YyVZX;Y¬TW~�Rr�.X;V�Pg�UVZYgu[Rr�i{�X�PiuZu�{�XZYyX[{���Y�PS~CRU�#T�VZ{rvUY
PiuZu�Yyµ �iX�Pg�rvUYÜvbYguÆu�T��.�rPS{b� xYM�WYgz8V;X�T���{�Ygu�~�YguJ{�XbxYHu�uJ{�X��WYgu²PS���bvbYguM£[~mPHT�u�VZ�i{�V²Yy�¾XZYgu�V|PS�bV
Yy�¾~C�bvUYÜR�XZ�iRr�iXZV�TW�i����YM�ÇY�VÜ}PÉvUYguÆVZYy�ru�T��.�ru xYM�WYgzMVZX�T���{�YguÆX;Y8�9PgV�TW��Yy~CYy�bV��QPiu;uJYguM-�Ëp�i{�X¸zMYHu
X�PyT�u��i�QuM£^T#�ÝYgu�V�TW~�Rr�iXZV�Pg�UV���{�Y���P�R�X;�i�QPS�UT#�#TWVUxY�vUY1zyPgR�V;{�X;Y�v��Ñ{��3xYM�WYgzMVZX;�.�¬RrPgX¢{���Y@~C�S�8xYgzM{U�WY�vUY
��Pgµ�u��gT�V���P¢RU�W{ru��FPyT��b��Y�Rr��uZu©TW�U�WY�-bstYgu��»PSµ[xYM�WYgzMVZX;�.��xYy��PgV�T#�Fu&u��.�UV�}P�xYy�fTWVZYyX�v�PS�ru���P¢RU�W{�RrPgX;V�vUYguÝzyPiu8-

ë�X;�gT�uÚ�iX|PS�rvbYy{�X�u[R�Ob§�u©T��f{�Ygu[��{UT&¦;�.{�Yy�bV[{��¸Xi«�g��Y5TW~�Rr�.X;V�Pg�UV�v�Pg�ru��WY5~��bvUY�vbY¬�(�i�rzMVJTW�i��0
��Yy~CYy�bV1vUYgu@v&xYyV;Ygz8V;Yy{�X|u���PSµ�Yy{U��Yy���pxY���xYyX�Py��YyV��f{bT�TW��Ar{�Y��rzMYy�bVw�WYgu�R^Y�X��(�iXZ~[Pg�rzMYgu�PgV;VZYy�rvU{�YHu
vUYgu�v&xY�V;YgzMVZYy{�X|u¢v&xY�R^Y��rvUYy�bV1vUY@��PÚ�rPgV;{�XZY[vU{���Pgµ�-�N&Ygu��.X�PS�QvUYy{�X|u@u��.�UV�£�zM�.~�~CY����i{Qu��F� Py���i�Qu
�b{�v�PS�ru¢�WY�RrPgX�PS�.X�PgR�O�Y�Öb- ÖU-®ðU£���Pº��TWV;YguZu�YmvUY�v&xYyX�TW��Y�£��WY[zM��Y8Ò�z=TWYy�bV�vUYCvfT#­�{ru©TW�i�ÁvUYgu�xYM�WYgz8V;X;�.�ru
�#TW��X;Ygu�YyV��F� Pg���S�WYCvUY1st�.X;Yy�bV;µ�-
Ë�XZYy~�T�}YyXZYy~CYy�UV�£U�WY�VZYy~�RQu�vUYmv�xYy��YM�W�iR�R^Y�~�Yy�bV�vU{Çu�TW�i�rPy��v&xYyRrYy�rv�vUYgu�V;Yy~CRru�vbYCv�xYyX�TW��YCvUYHu

xYM�WYgzMVZX;�.�ru�YyV1vUYgu¢TW�i�ru�R^�»u©TWV�T#�Fu8-&Ë��i{�X1P.u;u�{�X;YyX1{���Y��(�iX;~mPSVJTW�i�ÇX|PSRUT�vUY�£tT#��Ygu�V���xYHzMYgu;uZPHTWX;Yºvt�ÑYy~C0
RU�W�g§�YyX�{��¬�»PSµ@R�XUxYguJYy�UV|PS�bV�vUYgu��fTWVZYgu;uJYgu¢vbY�v&xYyXJTW��Y@P.u;uJYyµ@�.X�PS�QvUYguM£�V;�i{�V¢RrPgX;VJT9z8{U�#TF}Y�X;Yy~CYy�bV�u�T���P
vfT�u�V|PS�rz8Y�vUY�v&xYyXJTW��Y�Ygu�V�TW~�Rr�.X;V�Pg�UVZY�-�N&Y���{UTr�Þ�ÑYguJV�RrPiu��WY�zyP.u�R^�.{�X��WYgu&ß!à�ï�N�-bª¢Yy{b�UTF}Yy~CYy~CYy�UV�£
�WY�zM��Y8Ò�z=TWYy�bV�vUY�vfT#­t{Qu©TW�i��vUYguCxYM�WYgz8V;X;�.�ru�v�PS�ru���Y1��Pgµ�vU�gT�VC«YyV;XZY@Pg{ru;u�T��FPyTW�U�WYC�f{�Y�Rr��uZu©TW�U�WYmPH�r�
vt�JxYy�fTWVZYyX@{���xYM��PSXZ�ST�u;uJYy~�Y��UVmvU{²u©TW�i�QPH�F£�{���Y�~�{U�WV�TWRU�#T�zyPSVJTW�i� vU{����i~���XZY�vt� Pg���bvUYgu�XbxYyRr�.�rv�PS�bV
PS{¸RrP.u;u;Pg�iY�v��Ñ{���Y�RrPgX;V�T�zM{b��Y�YyV[{���Y�v&xYy�.X�P.v�PSVJT��.�ÜvUY5��P�XbxYHu��S�W{�VJTW�i�Ûu�RrPgV�T�PH�WY�-�·¢��Y�uJYgzM�i�QvUY
u��.{�X�z8Y�vUY�v&xY��iX�P.v�PSVJTW�i�ÉvbY!��PÆXUxYguJ�S�W{�V�TW�.�æYguJVº��PÆR�XbxYgu�Y��rzMY�vt�ý{�� z=OrPg~�R ~[Pg�i��xYyVJT��f{�Y»£�u��.{ru
�F�ÑYM­�YyVCvb{r�f{�YM���WYgu�VZX�Py¦;YHzMV;�gT�XZYguCvUYgu!xYM�WYgzMVZX;�.�ru[u��.�UVmv&xYy��T8xYyYgu�vt�ý{��²PS���g�WY�ÁZ�²PSR�R^Y8�8xY¨PS���g�WY�vUY
st�iXZYy�bV;µ�-rstY��»PSµ�vb�STWV�«YyVZX;Y1z=O��ST�u©T,vUY@VZYM�#�WY�~[Pg�UTF}YyX;Y��f{�Y1zMY�V�Pg���S�WYCu��gTWV¢�FPHTW�U�WY�Rr�i{�X�~�TW�UTW~�T9uJYyX
��P�RrYyXZV;{�XZ�rPSVJTW�i��vUY���P��(�.X;~mPSVJT��.��vt�Ñ{��¬u�TW�i�rPy��RrPgX¢{��5z�OrPS~CR[~mPS�i��xYyV�T���{�Y�-

ª1� PS{�V;X;YCRrPgX;Vy£��WYgu@v&xY�V;YgzMVZYy{�X|u¢��PgµyYy{U��uJ�i�bV�u�{H¦;YyV�um}Pº{���Y��(�iXZ~�YmvUYC�fTWYMT#�#�#T�u;u�Y�~�Yy�bV�v�«{ }Pº��P
�(�iXZ~[PgV�TW�i�ºPS{�zM�.{�X�u&vU{mV;Yy~CRru�vUY�v&xYyRÝ«�iV�u�T�u��S��Pg�UV|u�u�{�X��WYgu@xYM�WYgzMVZX;�bvUYgu8-�N&Ygu�v&xY�R�«�iV|u,R�X;�g�fTWYy����Yy�bV
vUYgu�TW~CR�{�XZYyVbxYgu&R�XbxYHu�Yy�bV;Ygu�v�PS�Qu���Y��»PSµ�YyV	0��i{�vUY�R�O�xY����i~�}Yy��Ygu�vUY�Rr�S�W§b~�xY�X�T�u;PgV�TW�i��-Þs�P�zyPSRrP.z=TWVbxY
vt�ý{��æ�»PSµÜ}P3�(�iX;~CYyX�vUYHuÂRr�S�W§b~�}Y�X;Ygu!XbxYgvU{UTWV�vt� Pg{�V�Pg�UV5�F�ÑYguJR�xYyX|PS�rzMYÃvUYÆ��TWY3vt�ý{��Ûv�xYyVZYgzMV;Y�{�Xy-
ª¢Y�RU�W{ruÂ�WYgu¬XbxYgPiz8V�TW�i�ru�Yy�UVZX;Y!�WYgu5��PgµÆYyV�z8YyX;V|PHTW�ru5~[PgVUxYyXJT9Pg{U�Ü{�VJT#�/T�u�xYgu!Rr�i{�X��9P3XbxYHPH�#T�u;PSVJTW�i�
vt�ý{��Ïv&xYyV;Ygz8V;Yy{�XmR^Y�{���Yy�bV�TW�UVZX;�bvU{UTWXZY�vUYgu�TW~�R�{�X;YyVbxYgu�v�PS�Quº�WY!���g�W{�~�Y�Piz8V�T#��YyV[�FPy���iXJT�u�YyX[�WYgu
R�O�xY����i~�}Yy��Ygu�vUY�Rr�g��§b~�xYyX�T�u;PgV�TW�i�Þ-&Ä��r��vt�®Piu;uJ{�X;Y�Xw{��!VZYy~�RQu�vUYC�fTWYCPiuZu�Yyµ��W�i���¨PS{�v�xYyVZYgzMV;Y�{�Xy£
T#�pYgu�V�TW~CRr�iX;V|PS�bV�vbY���Y�RrPiu���xYy�g�#T��.YyX�zMYgu�R�X;�iR�X�T8xYyVbxYHu¢vUYHu���PSµ�YyV�vbYgu�~[PgVbxYyXJT�PS{U�Þ-�stYgu�z�O��ST#��vUYHu
{��ru�YyV�vUYHu�PS{�VZX;Ygu�PgR�RrPSX|PHT�u;uZPS�bV1zM�i~C~�Y�V;X�}YHu*�(�.X;V;Y�~�Yy�bV��#T8xYgu8-

Ä zMYgu�z8�i�ru�T9v&xYyX�PgV�TW�i�ru�R�OU§�u©T���{�Ygu&�fTWYy�bV�uJYwX|Py¦;�i{�V;YyX�{���Y�YM�bT��.Yy�rzMY�xYgzM�.���i~�T��f{�Y�-�stY���Pgµ1vU�STWV
«YyVZX;Y�RrYy{�z�O�YyX�-t���&Ygu�V���xYHzMYgu;uZPHTWX;YºvUY�VZX;�.{���YyX�{��ÁzM�i~CR�X;�.~�T�u�Yy�bV;XZY[vUYHu�R�X;�iR�X�T8xYyVbxYHuwR�Ob§�u�T��f{�YHu
Piz�zMYyR�V|PS�U�WYgu�RrYyX;~CYyV;V|PS�bV�{����r�i�Ú�(�.�rzMVJT��.����Yy~CYy�bV�vU{5v&xYyV;Ygz8V;Yy{�X�YyV�{��[�FPHTW�U�WY�zM��«{�Vy-
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�F�JxYM�WYgz8V;X;�bvbY�PSX;XJTF}YyX;Y���{UT1uJY5V;X;�.{���Y5uJ�i{ru��WY�u�{��ruJV;X|PSVy-*stY5RU��PS�ÜzyPgV;O��bvbY�vUY�v�xYyXJT���Y�Ygu�VmRU��PizrxY
}P�ðÂ~C~ PS{�0�vUYHu;u�{Qu[vUYguÇxYM�WYgzMVZX;�bvUYgu8-�����YguJVCzM�i�Qu�V�TWVZ{�xY�vt�Ñ{���Y[�(Yy{UT#�#��Y�v�� PH�W{�~�TW�UTW{�~ vbY!+�ã!ät~
vt�JxYyRrPHT�uZu�Yy{�X��i{¨vUY���YyX;XZY�~�xYyV�Py�/�#T�u�xY�vUY1Øiã.ã�ät~ûv���xYyRrPyT�u;u�Y�{�Xy-

anode

3 mm

500

électrode arrière

µ

70 µm

m

cathode
9 µm

cathode de dérive

m200

substrat

µ
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U'VXWZY\[Q]S^V;_�V�`7a8V�Wb^V;adcfegV�WhY7Vjikcl_)^V�cXiQ[kW�c�am[JnP`�Y'oqpr`sY�^V�a�V�tHa8V;pr_uW�nP`)aviJV�WwW�p7[JxPc�`7a8V�WH(zy{cf`|WZpr`er_8V;}~[JV;_,a8V;}@egW�[QiS��cfpra�Y7V�W8W�[J`rV;_,iJVZ}@nPa�[���Y7V�W,e7[kWma�VXWH�/Y�^V;a�V�_�},[1`�V;_�iJV;pr_5W�Y\[J}�V;`|W�[JnP`gW@V;a�iJV;pr_�#nP_8}�Vze�n�pr_Se�n�prx�nf[J_SV;`�a�[1_8V;_%pr`�}�cPW8�\p�V�tKnP}@}�c�`gY�^V3c�prer_��VXW%Y'o�pr`�[J`gY7p|Wma�_�[JVHi����z�����8�w���Úº��5(� V�}�c�W���prV�WmV;_8x\[J_dc��c�ikc�iQ[Ja� �nP¡P_dcfer )[1VN(ZU'V�Ws^V;a5c�e�VXW¢Wmp)[1x�c�`7a8V�WH��iJV£Y)nPegc�¡PVsY7p�x�V;_8_�V¢e|cf_[J}�e)i:c�`7adcfa�[1n�`�n�p¤Y\[Q]'p|W�[JnP`�a� rV�_�},[:��prVhY'o¥[1n�`gWH�MikcE}¦^V;adcXiQiQ[:W8cfa�[1n�`§��ikcEer �nPa�n�iQ[1a8 rnP¡�_5c�er 7[:V¨V;a�ikcY�^V�tKnPpregVwY)p¢x�V;_8_�Vhcfp7©ªY\[J}�V�`gW�[JnP`|W�_�V���p7[kWmVXWH�/WmnP`)a�_)^V�cXiQ[kW�c�«7iJV�W�egcf_�iJVui:c�«gnP_5c�a�n�[1_8V¦��¬{���)­%(U'V�Y�^V;eM®n�aw^V�x�V;`7a8prVHi¯Y'o�p�`rV@tHnPp|t= rV@},[1`|tHV@Y7V@am°)egV@Y\[kcf}�cf`)a�V�W�a3_7^V�c;i�[kW�^V;V�e|cf_,Y)V�W3tHnP}@egcf¡�`7[JV�W[J`gY7pgW�a�_�[1VKi�iJV�W��8�)±{²S�w­��{�FÎ{�8�³�´�7� � � � �5(
U'VXW�e7[kWma�VXW�Wmn�`7a@Y�^V;egn�W�^V�V�W�Y7V@i:cZ}�cf`)[��V�_�VuW�p7[JxPc�`7a8V�(M±S`rV���cPtKVuY7p¦W�pr«gWma8_5c�a,V�Wma´}¦^V;adcXiQiQ[kW\^V;Vegc�_w^V�xPc�egnP_5c�am[JnP`¤W�nPpgW3x\[kY7Vµ�c�i¶o·cX[kY7VuYBo�pr`¨t;c�`rnP`ª�cl^VHiJV�tHa8_�nP`|WH(M�S`¸Y�^V�e�nNWmV�Y7p¨am[Ja5c�`rVuWmp�_�p�`rV^V;egc;[kW�WmV�pr_uY7V¨¹wº�»P»½¼� V;a@Y)Vvi�o*c;i1p�}~[J`7[Jpr} W�pr_�p�`rVb^V;egcX[kW8WmV;pr_¾Y7Vw¿¨»P»�»½¼��(�U§c¸tHn�pgt5 rVhY7Vam[Jadcf`rVhWmV�_�a,Y)VutHnPp|t= rV�Y'o·cPt;tH_8n)t= |cf¡PV�e�n�pr_�i�o*c;i1p�}~[J`7[Jpr}h(�U§cZ_)^V�W�[kW�a5cf`|tHV¨�cvi�o*c�_�_5c�t= �V;}�V�`7a3V�W�aY7V¤¹;&¸¡¦egnPpr_ui1V¨am[Jadcf`rV¦tKnP`)a�_�V¨À¸¡¦egnPpr_ui�o*cXiJpr},[J`7[Jpr}h({�Mp7[kW¾iJV�W�e7[kWma8V�WZW�nP`)au¡P_5c;x�^V;V�W�e|cf_er rn�a�n�i�[Ja8 rnP¡�_5cfe� 7[:Vu�ÂÁg¡�(g&7(qÃ7�5(
±S`�er_8V;},[1V�_ZtKnP`)a�_P®n�iJV¦Y7VÄ�\pgc;iQ[1a)^V¸V�W�aZVH]BV�tHa8p�^V�(��¶i´tKnP`gW¶[:W�a�V¦V;`�pr`�_�V;e/^V�_5cf¡�V¸x�[:W�prVHi�Wmn�pgW«7[J`rn)tHp)i:c;[J_�VÄY7V�W,Y�^VH��c�pra5W,Y)V�W�e7[kWma8V�WH( � V�W,Y�^VH��c�pra5W�egn�prx�cf`)aw®V;a8_�VhY7V�W,tKnPprerp�_�V�W@Y7V�e7[kW�a�V�W,nPpY7V�WStHn�pr_�adWm+�t=[J_5tHp7[JadWÅV�`7a8_�V,c�`rn)Y7V,V;azt;c�a� rn)Y7VN(§U§c�e7ikcP��prV@Y7V´x�V;_�_8V´cXx�VXtziJV�WSe7[kWma�VXW³V�WmaSV;`gW�p7[Ja�V}@nP`)a7^V;V��#Ág¡r(g&)(*º��%W�pr_%pr`rV´t;c�_�a�V´Y7V´tHn�`r`rVH©)[JnP`b^VHiJV�tHa8_�n�`7[k�\prV�Y�^VHÁg`)[1V3V;a%_)^V�cXiQ[kW�^V�V�e|cf_%i1V´W�V;_�x�[ktHVY7V3},[:tK_�nÆ^VKi1VXtHa�_8nP`7[k��prV,Y7V{i�o��8²%VP�g(



ºP» �  |cfe7[Ja�_8V,&)(

substrat

insolation de la résine 

à travers un masque

pour découvrir une partie du métal.

au développement de la résine

en gris foncé, vont se dissoudre 

les parties insolées de la résine, 

gravure chimique

structure finale

UV

masque

résine

métal

 �!#"%$B&7(�Ã@+ Ç§È�9�R:9;I*.:RQÈ�98ÉXD�G�LNÈP.:2�T
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céramiques

cadre 
bonding

piste
cathode de dérive

connecteursubstrat
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� V�a�a�V/t;c�_�a8VMV�Wma'��c;[Ja�V%Y)V�Y)V;p7©3e7ikc��\prVXWÌV;`´tg^V�_5cf},[k�\p�V�tHnfiQiK^V;V�WK(PU§c%e7ikcP��prV/Wmp�e�^V;_m[JV;p�_�V%�ÂÁg¡�(�&7(·Î\�tHn�}�egnP_8a�V¨pr`rVZ�#V;`Æ®V;a�_8Vwe�n�pr_wc�t;tHprVK[�iQiQ[J_viJVÄWmpr«gW�a�_dcfawY)Vwx�V;_�_8V�(�ySV�W�W�pgWZW�nP`)a¾[J}@er_m[J}¦^V;V�W�e|cf_W�^V�_m[J¡P_dcfer 7[JV�iJV�W%e7[kWma8V�W³Y)V�tKnP`r`rVK©7[JnP`hV;`unP_%er_8nPa)^V;¡Æ^V;VXWÏegc�_%pr`wY�[K^VKi1VXtHa�_�[:��prV�(

lecture 4 groupes
de 16 cathodes

lecture 4 groupes
de 16 cathodes

Ω

lecture 64 anodes

H. T.

détecteur

lecture 64 anodes

10 nF

10 nF

470 pF

4,7 M

10 nF

cathodes
plan de dérive

cathodes
H. T.
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U§c¦tHn�`r`rVH©)[JnP`bV;`)a�_8VviJV�W�e7[kWma8V�WuWmpr_@i1Vwx�V�_�_�VhV;a,i1VXW�e7[kWma8V�WuWmpr_�ikc¦t;c�_�a�VwVXWma�_)^V�cXiQ[kW�^V;Vwe|cf_Ó5ÔPÕgÖP×:Õ�ØzÙ (r±³`rV´Y7V�p7©7[Â�V;}@V3W�^V;_m[JV´Y7V3a�V�W�a5W%Y7V´��pgcXiQ[Ja)^V´V�WmaSc;iJnP_5WSVH]BV�tHa�p/^V;V�(7�¶ikW%tHn�`gW�[kWma8V;`)a³V;`hY7VXW}@V�Wmpr_8V�W�^VHiJV�tHa8_m[k��prV�W{Y7VXWÏ_)^V�W�[kWmadcf`gtKV�W³V;azWmpr_8a�n�pra3Y7V�Wzt;cfegc�t=[Ja)^V�WSV;`7a8_�V{iJV�W³e7[kW�a�V�W³V�aÏi�o�^VKi1VXtHa�_8n)Y7Vcf_8_m[��V;_8V�(gU§c�t�cfegc�t=[Ja7^V�VXWma%er_8nPegnP_8am[JnP`r`�VHiQi1Vµ�c�i:c@Wmp�_m��cPtKV~�@V;`u_8V;¡�c�_5YZY)V�W%Y7V;p7©Ú^VHiJV�tHa�_8n)Y7V�WK(
ÛsÜ�Ý�Þ;Ý¶ß�à �V

nB�p¸V,V�W�a³i�om^V;egc;[kW�WmV�pr_´Y7V�i�oá[kWmn�i:c�`7a�� Ý Þ ikc�e�V�_�},[1a�[Jx\[Ja)^V�Y7p¨x\[kY7V,V�a Ý ß ikc�e�V�_�},[1a�[Jx\[Ja)^V�_�VHikcfa�[Jx�V@Y7Vi�oá[kWmn�ikcf`)a;( � nP}@}@V~iJV�W3cf`�n)Y7V�W�nP`)a3pr`rV�ikc�_�¡PV�pr_,tHn�`gWmadcf`)a�V,iJV;pr_,t�cfegc�t=[Ja7^V�V�W�a3er_�n�e�n�_�a�[1n�`r`rVHiQiJV�c�i1V�pr_³iJnP`r¡�prV;pr_�( � VXWÏ}@V�Wmp�_�V�WSWmn�`7az�\p|cXiQ[Ja5cfa�[Jx�V�W³V;aS`rnP`¨��pgc�`7a�[1adcfa�[1x�VXWH(B­âiQiJV�W³x�n�`7aStKnP`7Ág_8}�V�_
ã=ä8å;æ*ç#è#é³ê#ëHì;í·î�é=æ·å�ï�í*ì;í·åfïbð'í·è#ñ�ò�ëHì�ó
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V;a3tKnP}@e7iK^V;a�V;_Si1VXWÅ_)^V�Wmp)i1adcfadW�Y7V�WSer_�V;},[JV;_5W3tHn�`7a8_P®n�i1VXWÅx�[kWmprVKi:WK(Æ­¯`)ôg`EiJV�t;cPY)_�V,V;a³i�o�^VHiJV�tHa�_8n)Y7V�Y7VY�^V;_�[Jx�V�W�nP`)aStHnfiQiK^V�W³egn�pr_Ï�#V�_�}@V;_�iJV3x�nfiJpr}@V´cPtHa�[���Y7V{i:c@t5 gcf},«r_8V�(� V�a�a�Vu}�cf®õ a�_�[kWmVwY)V�W,Y\[Q]S^V;_�V;`)a�VXWj^V;a5c�e�VXW~egV;_8}�V;a@Y)VZtKnP`gtHV�x�nf[J_,V;a@Y7Vu_)^VXcXiQ[kWmV;_���Y7Vu}�cf`7[Â�V;_8VWmn�pre7iJV��âY7V�W{er_�n�a�n�am°)egV�W{_)^V;egn�`gYrcf`)au�chY7V�W{VH©)[J¡PV;`gtKV�W{egcf_8am[ktHp7iQ[��V;_�VXWH(M�âcf_3VH©�V;}�e)i1V�i�o�^V;a�pgY)V�Y7VXWt=ikcP��pgc�¡PV�W{er_)^V�WmV;`)a)^V�V,cfpÄt5 gcfe7[Ja8_�V@ºuc�`�^V�tHV�W8W�[Ja)^V,e)i1p|W�[JV;pr_dW�Y�^V;a8V�tHa8V;pr_5WSWme/^V�t=[QôB��prV�W³er_)^V�WmV�`7adcf`)aY7V�W%Y)V�W�W¶[1`|W{Y7V3e7[kWma8V�W³Y�[�]Ï^V;_8V;`)a5W%Y'oqpr`u¡P_�n�pregV@Y7V´t;cfa8 rn)Y7V�W´�c�i¶o·cfpra8_�V�(



�Zn�°�V;`gW/Y'o�^V;a8pgY7V´Y7V�W%�j��Ê � ºP&
ö�÷�ø ùûúuüâý;þfÿ���� ü��3ÿ§ü�ÿ
�SnPpgW´Y\[kWmegn�W�nP`gW,Y7V�Y7V;p)©¨«gcf`gt�W�Y7V@a�V�W�a5W3Wme/^V�t=[QôB��prV�W��§pr`¨«gcf`|t�c;x�V�t�pr`rV�Wmn�pr_5tHV�Y7V	�rV�
�
��p7[´^V�}�V;azY7V�W%_5c;°�n�`gW�
 V;aSpr`rV@W�nPpr_dtHV,Y7V��N_�� Þ ��p7[´^V�}�V;azY7V�W�^VHiJV�tHa8_�n�`gWH�'V�a³pr`w«|cf`gt,c;x�V�t3pr`t;c�`rnP` �c~_dcX°�n�`gW�
,(U'VXW³Y7V�p7©u«gc�`gt;W%Wmn�`7azcXiQ[J}@V;`7a)^V�W%V;`u¡�c��3egc�_³p�`wWm°�Wma��V;}@V{_�V;e�_7^V�W�V;`7a)^V@�c�i:c�ôg¡�pr_�V´&7(���(

sortie vers deux bancs de mesures

� � �� � �� � �� �� �� �
� �� �� �
� �
� �� �� �
� �

Ar ou Ne DME

filtre

oxysorb

débitmètre massique

clapet anti-retour

détendeur

valve

mélangeur

 �!#"%$'&)(��´+ ��G;4�Í{<�2%É�G���T

U'VXW W�nPpr_dtHV�W'pra�[�iQ[kW�^V�V�WH��Wmn�pr_5tHVXW'_5cPY�[1nNcPtHa�[Jx�V�W nPp´t;c�`rnP`¾�c�_5c;°�nP`|W�
,��Wmn�`7aÆtHn�iQi�[J}�cfa)^V;V�WH(��³pgW8W�[�ikc�;n�`rV/Y7p,Y�^V�a�V�tHa8V;pr_Ba�nPp|t= /^V�V�e|cf_§i1VXWÌ_dcX°�n�`r`rV;}@V;`)a5W'V�W�a§_)^V�Y)p7[Ja�V3�c%pr`rV/W�pr_m��c�tHV%Y7V/��prVHik��prV�W'}@} �K(U'V@Y\[kcf}h�V;a8_�V,Y)V�ikc�a5cPt5 rV´xPc�_m[JV@Y7V�¹u�cZ¹;»@}�} WmVKi1n�`EiJV@Y\[kc�er r_5c�¡P}@V,e7ikcPtg^V@Y)V;x�cf`)a³ikc�Wmn�pr_5tHVN(� n�pr_�egnPp�x�nf[J_�_8V;e7ikcPtHV�_�Y)V³}�cf`7[Â�V;_8V{a�_��V�WMer_)^VXt=[kWmV%i:c´Wmn�pr_5tHVÅY7V;x�cf`)a�pr`�egn�[1`)aSY7p�Y�^V;a8V�tHa�V�pr_;�Pp�`rV}¦^V�t;cf`)[:��prV3Y)V{er_)^VXt=[kW�[JnP`§�gtKnP}@er_�V;`|cf`)a�pr`hWm°�Wma��V;}@V3Y7V{x�[kW�}~[ktH_8nP}¦^V;a�_�[:��prV�WK��V�Wma%},[kWmV{V;`�e7ikcPtHVWmp�_ÏiJV�W%Y\[Q]S^V;_8V;`7adWÏ«|cf`gt;WSY7V3a�VXWma5WK(�ÆnPpr_3}@V�Wmpr_8V;_³iJV@¡�cX[J`¸`�nPpgW3cfe�e7iQ[:��prn�`gW�ikc¾}¦^V;a8 rn)Y7V�t=ikcPW�W¶[k�\prV���p7[/tHn�`gW�[kWma8V¨�c�}�VXWmpr_8V;_³iJVWmegV�tKa�_�VzV;`¢^V;`rV�_�¡f[JV´Y'oqpr`rV3W�nPpr_dtHV3er_)^V�W�V;`)a5cf`)a�p�`ve)[:t@�c�pr`�VZ^V;`rV;_8¡f[JV´tHnP`�`7prVN( � o�VXWma�iJV´t;c�W�e�n�pr_pr`rV�Wmn�pr_5tKV�Y7V!�rV 
�
 nPp¨egnPpr_3iJV�t;c�`rnP`Ú�c�_5c;°�nP`|W"
 ��prV,`rnPp|W�pra�[�iQ[kWmn�`gWH(�U§c�egn�W¶[Jam[JnP`ÚY7pje)[:t��V;`h`7pr}¦^V;_8nuY7V,t�cf`gc;i�V�Wma%iQ[K^V;V�iQ[1`/^V�cX[J_�V�}�V;`)a´cfpw¡NcX[J`¸Y)p¨Y�^V;a�VXtHa�V;p�_;( � V,Y)V;_�`7[JV;_zV�WmazY�^V;a8V;_�},[J`�^ViJn)t;cXiJV;}@V;`)a�V�a,`rnP`¤¡fiJnP«gc;iJV;}�V�`7auW�pr_,a�n�pra,i1VµY�^V;a8V�tHa�V�pr_;(âU§cE}@V�Wmp�_�VhY7p¤WmegV�tHa8_�VhV;` ^V;`rV�_�¡f[JVWmV���c;[Ja�c;x�V�t{iJV,e7iJpgW{e�V�am[Ja´Y\[kcfer r_dcf¡�}�V�Y7V@»7�·º�}@}ûY7V�Y\[kcf}h�V;a�_8V@Y7V;x�cf`)a³ikcuWmnPp�_5tHV�(�y{cf`gW3tHVXWtHn�`gY\[Jam[JnP`|WH��iJV´W�[J¡P`|cXi/W�V�_)^V;egc�_�am[âW�pr_%a�_8nf[kW³n�pw��pgcfa8_�V´cf`rn)Y)V�WH(
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U'VXW%WmnPp�_5tHV�W�_dcPY\[JnNcPtHa�[1x�VXWÏpra�[Qi�[kW�^V;V�W%e�n�pr_�ikc~}@V�W�pr_�V3Y)V{¡�c;[1`hnPpuegnPpr_�[J_8_5cPY�[1V�_³pr`hY�^V�a�V�tHa8V;pr_Wmn�`7a%p�`rV´WmnPp�_5tHV´Y7V#�rV�
�
%��p7[S^V;}@V;a%Y7VXW�_5c;°�nP`gW�
 Y7V´º7�%$'&�V)(£c;x�V�t³p�`rV´cPtHa�[1x�[Ja)^V´Y7V3À�»~} � [§V�apr`rV´W�nPpr_dtHV´Y7V,��_ � Þ �\p7[z^V;}@V;aSY7V�W@^VHiJV�tKa�_�n�`gWSY7V´»u�c�À)�*ÀP¿@�ZV*(sc;x�V�tSpr`rV´cPtHa�[Jx\[Ja)^V�Y7V@¹;»,} � [�(

β (99,8 %)

Y (64 heures)

β

90
39

γ

Sr (28,1 ans)38
90

40
90Zr

(100 %)

 �!#"%$'&)(*¿,+ ?�Í8È%F2503G´<f23<�F2KÍ=D�9;.J6�65G;4�Í�2S<;O,?7D=T

U'VXW�^VHiJV�tKa�_�n�`gWS�\p7[âW�nP`)au^V�}~[kWScfpZ},[J`7[J},pr} Y'o¥[JnP`7[kW�c�am[JnP`�� W�nf[Ja3c;x�V�t{pr`rVµ^V;`�V;_�¡�[1V�Wmpre/^V;_m[JV;pr_8V�c@»7�*º@�ZV*(,�)Y�^V�e�nNWmV;`)aSpr`rVw^V;`rV;_8¡f[JV�}@n�°�V;`r`rVÅY7V´»7�*¿+&�V*(sY�cf`gWS&~}@} Y7V�¡Nc���(gU§c,e7iJpregc�_�a3Y7VXW^VHiJV�tHa8_�n�`gW%Y7V{e7iJpgW���c;[J«7iJVw^V�`rV;_�¡�[JV�°�Y�^V;egnNWmV;`)a%pr`rV³�#_dcPtHa�[JnP`ue7iJpgW�[J}�egn�_�a5c�`7a8V�(gy³V�W,^VHiJV�tHa8_�nP`|W%Y7V}@nf[J`gW{Y7V�ÀP»,&�V)( W�nP`)a3cf_8_�®V;a)^V�W%egcf_ztHV;a8a�Vw^V;egc;[:W8WmV;p�_�Y)V�¡�c����gV;a³°�ikcX[kW8WmV;`)a{a�n�pra�V�iJV;p�_u^V;`�V;_�¡�[1VN(U'V�W@Y7V;p7©lWmnPp�_5tHV�W¸^V;}@V;a�a8V;`)a,c;x�V�t�pr`.-|p7©¤��prVvi�o�n�`¢egV;pra�tHn�`gW�[kY�^V;_8V;_�tHnP}@}�V¾tHnP`gW�a5c�`7a0/MiJV�We/^V;_�[Jn)Y7V�W�Y)p1�rV 
�
 V�a3Y7p¢��_2� Þ W�nP`)a�_8V�WmegV�tHa�[Jx�V;}�V�`7azY7V�&Zcf`|W�V;a´ÀP¿hcf`gWK(Æ�³pgW�W¶[�i¶o�^V;a�p|Y7V�Y)V~ikc_)^V�e�n�`gWmV�Y'o�p�`ZY�^V;a�V�tKa�V;pr_%V�`¾�#n�`gtHa�[1n�`¨Y7p -gp7©h`/^V�tKV�W�W¶[1a8V3pr`wY\[kW�e�nNW�[Jam[Q�zY\[Q]S^V;_8V;`7a%egn�pr_³iJV���prVHi§iJV-gp7©EY7V,egc�_�am[ktHp)i1VXW�nPpÄY7V,_dcX°�n�`r`rV;}@V;`)a5WSWmn�[1a´x�cf_m[kc�«7iJV�( � oqV�Wma³iJV@t;c�W{e�n�pr_{iJV�t;c�`rnP`Ú�c�_5c;°�nP`|W
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æMç Û Öo� â Övú Ü Õ â Ö³× Û ÞlÔÜHÛ ÖaßKÕ â Ö ú�Ô Ülè[â × Û ß�é â Ù�Ýq×FÕ ê?ÚÛ Ý Û Ö Ü ß;ëjÚÛ ÞlÔFÖCû Û ß`ýÔPìKÔFß Û ×1Ø ÔFÝVû â Ö � ÔFà Û úoÙMÖ`ú è ÔFë"éz× Û ×�ÚÛ ÝKÕ9à Û × ÛísîEï[ð úXësñ
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VERYFINE grid density contour map
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