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^ _�O O ���8O6WfRtO6s wxTBNdL�O�gDKHi,Rt_�O Of°�O6WSR�bPwBO `�O6L�R�itbP`�K � TBete�!������ !hKHi,bPR�e L����8O6i
NdbP� bIR bde&��itKB��KHi�R�bPKH`�TBN�R�K\R�_�O�elcL�TBitO±itK�KBR�Kxg)R�_�O�itTxR�O"!�¡�_abdWU_y� T .BOfejetO6TBitWU_�OfejgDKHi
`�OfLaR�ilbd`�KHNPO6ele�J1QjJ cL�bPRtO sab��VW6L�NIRXG u�`VR�_�O KBR�_aO6i&_�TB`�sVR�_�bPe&itTxR�O bde ��ilKH�8KHilRtbdKH`�TxN
R�K�R�_�OetcL�TBilOvKBg1R�_aO�`L�W6NPOXTBi �,T�R�itb�� O6NPO6�VO6`}R !j¡�_�KBetOvOSwBTxNdL�TxRtbdKH` bde,TxR NdOXTxelR
��ilO6etOf`}R�NPY !�cL�bIR�O[L�`�W6OfilR�TBbd`'G ��bP`�W6O[R�_�O\L�`�WfO6ilR�TBbd`}R¬Y�bd`¯R�_aO\wxTBNdLaO\KBg³R�_�O\`�LaW6NdO6TBi
� TxR�ilb ��O6NdOf� Of`}R�ilOf¶�OfWfRte�bIR�etOfNPg8s�bPitO6WSR�NIYªbd`�Rt_�TxR&KBg�������!etO6TBitWU_�Ofe�gDKHi-`aO6LaRtitbd`aKHNdOfete
J1QjJ et_�KBL�Nds¯M8O[W6TBitilbdOfs�KBLaR�KH`�etOfwBO6itTBN%WXTB`�sabds�TxRtO�`�LaW6NdOfb G

^ _�O6ilO�bde±TB`�KBRt_�O6ihitO6TBetKH`gDKHihRt_�bde elR�TxR�Of� Of`R
	'et_aKHL�NdsvT,��O6T .�TB���8OXTBi±TxR R�_�O
O ���8O6WSR�O6s ilO6qHbPKH` KBg�`�OfLaR�ilbd`�KBNdO6ele J1QjJ2!&KH`�OWXTB`a`�KBRyO6�aWfNdL�saO T ��ilbdKHilb Rt_�TxR bIR
W6KBL�Nds M�Os�L�ORtK
T²Ndbd`aO¯gDilKH� T�elK�g�TBiVL�` .`�K:¡�` i�TBsabdK}TBWSR�bIwHO¯W6KH`}R�TB� bP`�TxRtbdKH`'G
u�`�NPY�R�_aO�Ofw�bdsaO6`�WfO gDKBi±�8OXT .e�TxR�Rt_�Oªs�bI°�OfitO6`}R1Of`�O6ilqBYvO6����OfWfR�Ofs²gDKBi1T s�bP°�O6ilO6`}R
J1QjJ W6TB`�s�bPs�TxRtO�`L�W6NPO6L�e±¡�KHL�NPs s�O�(�`�bPRtO6NPY���ilK:wHO�R�_aO�O ��bde�R�Of`�W6OªKBg `aO6LaRtitbd`aKHNdOfete
s�KHLaM�NdO1M8OfR�TVs�OfWXTXYHG

7hKvOSw�bds�Of`�W6O,¡�TBe\W6N£Txbd�VO6s²etK�g�TBi�gDKHi�R�_�O `�O6L�R�itbP`�KHNPO6ete\WU_�TB`�`aO6N�bP` Tx`Y�`L�«
W6NPO6L�e�!}¡�bPR�_ªRt_�O�O ��W6Of�aR�bPKH` KBg'Tx`,TBNPNdOfqHO6s�OSw�bds�Of`�W6O�gDKHi-`�OfLaR�ilbd`�KHNPO6ele J1QjJ�KBg���S§1O
itOf��KBilR�Ofs M}Y�T�elL�M�elOfRªKBg�R�_�O ¤hOfbds�OfNdM8O6ilqx«��KBetW6K:¡ p�KBNdN£TxM�KHitTxR�bPKH` � F:¦ ! FX�$#&!?M�LaR
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^ _�OªelOXTBilWU_²gDKHi�J1QjJ WXTB` M8Oª��OfilgDKHil� Ofsv¡�bPRt_ bd`�s�bPitOfWfR1�VOXTBelL�itOf� Of`}R�e1KHi±¡�bIR�_
Tªs�bdilO6WSRh�VOXTxetL�ilOBG

� µ¬`�sabditOfWfR O ���8O6ilbd�VO6`}R�ehTBitO�M�TxetO6sKH`Rt_�O�etO6TBitWU_�gDKBijR�_�O � �6!879:�n;�j��ilK�s�LaWfR
`L�WfNdO6b%!xbP`\itTBs�bPK�WU_�Of� bPWXTBN � F:©$#�KBi?qHOfK�WU_aO6�VbdWXTxN}O ����OfitbP� Of`Rte � F:~ !xnB�*!Bn�F !xnHn$# G
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^ _�OfetO�O6����Ofitbd�VO6`}Rte TBitO wHOfilY etO6`aetbPRtbPwBO !aMaLaRjbP`�s�bdW6TxR�O KH`�NIYªR�_�Oh��itOfetOf`�W6O1KBg
Rt_�O s�TBLaqH_}R�O6iª`L�WfNdOfL�e TB`�s W6TB`�`�KBR�R�_�OfitOfgDKBitO s�bPetWfitbd�Vbd`�TxR�OVM�OSR¬¡�OfO6` NdOf��«
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� Rt_�Ojs�OSR�OfWfR�KBi|bPRtetO6NIg�bPe³� TBs�O�Kxg/T±� TxR�Ofitb£TxN}W6KH`}RUTxbd`�bP`�qhRt_�O�s�KBL�M�NdO�M�OSRUT
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� saOfR�OfWfRtKHi±Tx`�selKHL�ilW6O6ehTBilO1etO6��TBi�TxRtO6s=!8TB`as_�Of`�W6O[s�KHLaM�NdO1M8OfR�T TBWSR�bIwHO
� TxRtO6itbdTBN���L�elR M8O[bP`�etOfilRtO6s�bd`yR�_�O�s�OSR�OfWfR�KBi6G

^ _�O�LaetO�Kxg|W6i�YHKHqBO6`�bPW\s�OSR�OfWfR�KBitehRtK,elOXTBilWU_�gDKHi J1QjJ ¡�TBehetL�qHqBO6elRtO6svbP`�FX~H©B�
� nx� # G-Q�KHNPKH� OSR�Ofite&TBitOhTB�VKH`�q1R�_aOhWfilYHKBqHO6`�bPW±s�OSR�OfWfR�KBitejTx`�s TBilOhNPK:¡ R�Of� �8O6itTxR�LaitO
WXTxNdKHilbd�VOfR�Ofi6G%��etbP`�qHNPO�M8KHNdKH�VOfRtO6i?W6KH`�elbde�R�e-KBg/R�_aitO6O � TBbP`�elY�elRtO6�Ve �³Rt_�O����	��
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L��²KBg R�_�OVTBMaetKHilM�Ofi[bIR�elO6NPg 	'Rt_�O����	����
� !�R�_�T�R�bde1etOf`�etbIR�bIwHOªR�KyR�_aO6it� TBN³wxTBilb£TxRtbdKH`ae
KBgAR�_�O[TBMaetKHilM�Ofi
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M8O6W6KB� O�elK et� TBNdN/R�_�T�R OfwBO6`¯R�_�O±Rtbd`}Y Of`�O6ilqBY ilO6NPOXTBelO6s¯M}YyT���TBi�R�bPW6NdOhbd`,Rt_�O�gDKHil�
KBg?_�OXT�RhqBO6`�Ofi�TxRtO6ehT �VOXTxetL�itTBM�NdO�RtO6�V��Ofi�TxRtL�itO1bP`�W6ilOXTBelO�KBg?Rt_�O[TBM�elKHitM8O6ifG
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��ilKH��OfilRtbdO6efG
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^ _�O ��ilKH��KBetO6s\p�i�YHKHqHOf`�bdW r `�s�OfitqHilKHL�`�s�u�M�etOfilwxTxR�KBilY±gDKBi%zhTBilO-{|wHOf`Rte � pjr�u1z { �
O ���8O6ilbd�VO6`}R !}Tx`�s�R�_�OjgDKBitO6ilL�`�`�Ofi p�L�KHilbdWfbd`�K !BTBitO�O ����OfitbP� Of`Rte|R�_�T�R-TBbP� RtK (�`�s T
`�OfLaR�ilbd`�KHNPO6ele-s�KHL�M�NPO M�OSRUT�s�O6W6TXYHG-^ _�OSYVTBitO W6TBNdKHilbd�VOfRtitbdW&O ���8O6ilbd�VO6`}R�e�!�_aO6`�WfOhs�b «
itOfWfR&O ���8O6ilbd�VO6`}R�e�!�bP` ¡�_abdWU_ Rt_�O�etKHLaitW6O KBg8R�_�O etO6TBitWU_aO6s s�OfWXTXY bde-bP`VRt_�O�s�OfRtO6WSR�KHi
bPRtetOfNPg ��� ��� ^AOBG

�±ehTª�,TxRlR�Ofi KBg³g�TBWSR !�Rt_�O�bdetKxR�KH�8O�� ��� ^?O[bde�Tx`O6�aWfO6NPNdO6`}R WXTx`�s�bds�TxR�O1R�K elOXTBilWU_
gDKHi-s�KBL�M�NdO M8OfR�T[saO6WXTXY�s�L�O R�K�bPRte-_�bdqB_ Rti�TB`aetbPRtbdKH`ªOf`�O6ilqBY � nB]HnB©aG´©��ªFHGo¦ .xOf¢�� � nHm$#%!
TB`�s NdTBitqHO,bdetKxR�KH��bPW TBMaL�`�s�TB`aW6O � ¦H¦aG´©����[¡�_�bPWU_ TxNdNdK:¡�e�T elO6`�elbPRtbPwHO¯O6�a�8O6ilbd�VO6`}R
R�K M�O\��OfilgDKHil� Ofs�¡�bIR�_`�TxR�Lai�TBN%R�OfNdNdLaitbdLa�G�µ¬`vTBs�sabPR�bPKH`=!�Rt_�O�O6�a�8O6WSR�Ofs etbdqB`�TBNATxR
nH]Hnx©aGo© .BOS¢�_�Tx����Of`�e R�K M8O�bd` TB` Of`�O6ilqBY itOfqHbdKH` M8OfR¬¡�O6O6` Rt_�O���O6T . TB`�s R�_�O
p�KH�V�aR�KB`,O6saqHO±KBg�R�_�O! ��" ^ N/« i�TXY�e�TxRjnB¥aF:]1.BOS¢2!�¡�_�bdWU_ qBO6`�Ofi�TBNPNPYªs�KB� bP`�TxR�Ofe-R�_�O
M�TBW .qHilKHL�`�sbd` Rt_�bde�_�bPqH_yO6`�OfitqBY¯ilO6qHbPKH`'G

u±g�Rt_�OªwBTxitbdKBL�e1W6KH�V�8KHL�`�s�e�RtO6NPNdL�ilbdL��ZWXTB` � T .BO"!%^?OXu  TB���8OXTxite1R�K¯M8O�R�_�O�VKHelR,��itKH�Vbdelbd`�q KH`aO � bPR WXTB`�M8O�qBitK:¡�` ¡�bPRt_ qHK�K�s � OfWU_�TB`�bPWXTBNhTB`�s R�_�Ofit� TBN
��ilKH��OfilRtbdO6e bP`¯N£TBilqHO1W6i�Y�e�RUTBNPe�KBg?Rt_�O�KHitsaO6i�KBg³T WfL�M8O[Kxg|¥ W6� elbds�OxG

� elO6itbPO6e?KBg�O ���8O6ilbd�VO6`}R�eA¡�bPR�_\wBTxitbdKBL�eATBititT:Y�e|Kxg/¦B�}� qHi�TB�kWfilY�elR�TBNde?KBg�`�T�R�L�itTBN
^AO:u  _�TXwHOhM�OfO6` WXTBilitbdOfs,KHL�R�bP` Rt_�O±�%TBM8KHitTxR�KHilb 7±Tx�6bdKB`�TBNdbas�O6N�§�itTB` �aTBetelK�G-^ _�O
itOfetL�NIR�e1KBg&Tx` O ����OfitbP� Of`R�W6TBitilbdOfsvKHLaR�¡�bIR�_ TB` Txiti�TXYKBg F:¥ W6i�Y�elRUTxNde�KBg&`�T�R�L�itTBN
^AO\Tx`�sygDKHL�i O6`aitbdWU_aO6s�W6ilY�e�RUTBNPe KBg?¡�_abdWU_yR¬¡�KVbd` �# "U^AO[TB`�syR¬¡�K bP` � ���U^?O"!�¡�bPR�_�T
R�KxRUTBN'� TBele Kxg�$�¥aG´© .q _�Txe M8O6Of`ilO6WfO6`}R�NIYy��L�M�NPbdel_�O6s �´nx©"# G
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^ _�O±p�L�KHilbdW6bP`�K�TBili�TXYªW6KB`�etbPelR�e&KBg�T�R�K:¡�Ofi&¡�bIR�_�F:¦1��N£Tx`�O6e W6KB`R�TBbd`abd`�q�¥}n�WfilY�elR�TBNde
KBg)^AO:u  KB��Ofi�TxRtbd`�q\bd` ¤±TBNPN8� KBg'Rt_�O1§1i�Tx`��aTBeletKªr `�s�OfitqHilKHL�`�sy�%TBM8KHitTxR�KHi�Y �´nx~"#
bd`R�_�O�etTB�VO�s�bPNdLaRtbdKH`�itOSgDitbdqBO6i�T�R�KHih��itOSw�bPKHL�elNPY�L�etOfs bd`vKHLai±O ���8O6ilbd�VO6`}R�¡�bPRt_ nB�
W6i�Y�elRUTxNde6�´nx©"# G

�±ejel_�K:¡�`ybd`,®³bdqHLaitO � FHGon;� !�Rt_�O±e�R�itLaWfR�LaitO�bPe�TBe&gDKHNdNPK:¡�e �?Rt_�O±La����Ofi�F:�[��N£TB`aO6e
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^ _�O,el�,TxNdN|elbd�6OVW6i�Y�elRUTxNde\TBitO TBNdelK� TBs�Oª¡�bIR�_ `�TxR�L�itTBN|R�OfNdNPL�itbPL���O6�aWfO6�aR\gDKHi
gDKHL�ifG ^j¡�K KBg1R�_aO6� TBitOvOf`�itbPWU_�O6s�bP` �# "U^AO TB`�s R¬¡�K bd` � ���U^?O"! ¡�bPR�_ bdetKxR�KH��bPW
TBM�La`�s�TB`�WfO\Kxg|©}n�Go¦ TB`�smH] � !�ilO6el��OfWfR�bIwHOfNPYHG

�±NPN[WfilY�elR�TBNde¯¡�O6itO�qHitK:¡�` ¡�bPR�_ ��itO « RtO6elRtO6s NPK:¡"i�TBsabdK}TBWSR�bIw�bIR¬Y � TxR�OfitbdTBN�M}Y
R�_aO ��_�TB`�qH_�TBb�µ¬`�e�R�bPRtLaR�O KBg�p�Ofi�TB�VbdWfe¯TB`�s et_�bP����Ofs�R�K µ RUTBNIY M}Y�elOXT bd` KHitsaO6i
R�KV�Vbd`�bP� bP�6O�R�_�O[TBWSR�bPwxTxRtbdKH`ysaL�O[RtK W6KHel� bPW1i�TXY�e6G�^ _aOfY¯_�TXwHO�R�_aO6`�M8O6Of`NdTB���8O6s
¡�bPRt_ et�8O6W6bdTBNdNIY�elO6NdOfWfRtO6s,NPK:¡ WfKH`}RUTB�Vbd`�T�R�bdKB`ªTBM�itTBetbIwHO6e R�K�ilO6s�L�WfOhRt_�O�i�TBs�bPK}TBWSR�bPwBO
W6KB`R�TB�Vbd`�TxRtbdKH`�KH` etL�i�g�TBW6O"!?bP`RtitK�s�L�WfO6s M}Y R�_�OªKHilbdqHbP`�TBNA��itK�s�L�WSR�bPKH` ��itK�W6Ofete[bd`
p�_�bP`�TaG|�hNdN�R�_aO6etOhKH�8O6i�T�R�bdKB`�e TB`�sVR�_�O�(�`�TBN/�VKHL�`}R�bP`�q�KBg'Rt_�O RtK:¡�Ofi&¡�O6ilO±WXTxititbPO6s
KHLaR�bP`�TV`�bIR�ilKHqHO6`¯T�R��VKHet��_aO6itO�qHNPK:wHO�M�K �¯bP`¯TVWfNdO6TB`¯itK�KH�G

^ _�O[� OfWU_�TB`�bPWXTBN'e�R�ilL�WfRtL�itO�KBgAR�_�O�Txiti�TXY ¡�TBe�� TBs�O1O ��WfNdL�elbPwHOfNPY ¡�bIR�_u1®|¤�p
p�KH���8O6i�TB`�s ^?OS¶�KH`=!�TBNPetK[��itOSw�bPKHL�elNPYªR�OfelRtO6s,gDKHi&TBMaetO6`aW6O±Kxg'�VOXTBelL�i�TBMaNdO�i�TBsabdK}TBW «
R�bIwHO�W6KB`R�TB�Vbd`�TxRtbdKH`ae6G
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`L�WfNdO6b G
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Magnetic Field Average charge
carrier direction
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Diluted Phase

Concentrated phase

Heat exchanger

Still

1K−pot or Joule−Thomson expansion

Pumping line

4K plate
pumping 
system

He4 dewar
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etOSR�KBg F:� Rt_�bd` NdT:YBO6i�etTB�V��NdOfe-!�¡�_�KBetO�R�itTB`�elbPR�bPKH`�ehi�TB`�qBO6e�gDitKB��FHGIF�3 � �hN � R�K F<]
��3 � 0 � G

^ _�bde�.bd`as�KBg�R�_�Ofit�VKH�VOfR�Ofite�TBilO KHM}w�bPKHL�elNPY elO6`�elbdM�NPOVKB`�NPY T�R1R�_�OªR�itTB`�elbPR�bPKH`
R�Of� �8O6itTxR�LaitO6e KBg�Rt_�O¯e�TB�V��NdOfe-!&TB`�s _�Of`�W6OTBilOy� KHe�R�NIY L�elOfgDL�N TBeªilOfgDOfitO6`aW6O !&R�K
WXTxNdbdMai�TxRtO�KBRt_�O6i Rt_�O6il� KH�VOfRtO6ile ¡�_�KHetO Rt_�O6il�,TBNh��itKB��OfilR�bPO6e wxTBilbdO6eyWfKH`}R�bP`�LaKHetNIY
¡�bPRt_yR�_�O1R�Of� �8O6itTxR�LaitOBG

. ��% ��% ��$F"�� "��a� ���)$ �a$%��$ � $ $'�a���

z�O6etbPelR�TB`�W6OVR�_�Ofit�VKH�VOfR�i�Y bde�M�TBelO6s
KB` R�_�OVelRtO6Of� s�O6�8O6`�saO6`�WfO KBgjRt_�O OfNdOfWfR�ilbdW6TBN
itOfetbPelRUTx`�W6O1KBg%saKH��OfsyetOf� bPW6KH`�saL�WfRtKHite KH` RtO6�V��Ofi�TxRtL�itO"!�TBe�etO6Of`¯bd` � � n�GIFHG�n �SG-^ _�O
�VOXTBelL�itOf� Of`R[KBg�R�Of� �8O6itTxR�L�ilO bde1s�KH`aO M}Y �VOXTBelL�itbP`�qyR�_�O itOfetbPelRUTx`�W6OVKBg�T�W6TBNdb «
M�itTxR�Ofs²Rt_�O6il� bPelR�KBi6Gª^ _�OVWXTBNPbdM�itTxR�bPKH`vKBg�OXTxWU_�R�_aO6it�Vbde�R�KHi1bPe1s�KH`�Oª¡�bIR�_²itO6el��OfWfR
R�K KHLaiªitOfgDOfitOf`�W6O�etOfW6KH`�s�TBilY ilO6etbPelR�TB`�W6OyRt_�O6il� KH�VOfRtO6i���bd` Rt_�Oyi�TB`aqHO�nB¥��8FBF:�H�
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��3 	8R�_�O�O6`�NdTBitqHOf� Of`}R1KBg R�_�OªW6TBNdbPM�i�T�R�bdKB`�i�Tx`�qHO�KBg&KHLai±R�_�Ofit�VKH�VOfR�Ofite�bPe�� TBs�O
M}Yy�VOXTB`�e�KBg
7hµ ��^ mB¥}mx� Tx`�s �azhJ�FX�H�H��etLa��OfitW6KB`�s�L�WSR�bd`aq,itOSgDO6ilO6`�WfO\s�OSw�bdW6Ofe6G

^ _�O � O6TBetLaitO6�VO6`}R[KBg R�_aOVilO6elbdelR�TB`�WfOVKxg&Rt_�OªR�_�Ofit�Vbde�R�KHile�bde1� TBs�O�bP` T gDKHL�i
��ilKHM�O�W6KH` (�qHL�i�T�R�bdKB`�M}Yv�VOXTB`ae±KBg&� p itOfetbde�RUTB`aW6O�M�ilbds�qBO6e-!�KHi±M}Y�J�pk�VOXTxetL�ilOS«
�VO6`}R�efG&µ¬`�KHL�i NdTBM8KHi�TxRtKHilYV¡�O\_�TXwBO�¦ .bd`�sae Kxg³ilO6etbPelR�TB`�W6O[� p MaitbdsaqHO6e �

� �%¢ �« �m�M}Y�{ NPOfRlR�itKB`�bdb .xT�u�Y � etcL�TxitO1¡jTXwBO !8W6KH` (�qHL�i�TxM�NdO�gDilO6cL�O6`aWfYHG
� �%zj«�mB�H��M}Y¯�)bP`�OXTBi�z�O6elOXTBilWU_&�&etbd`L�elKHbds�TBN�¡�T:wBO,F<]�Go~ ¤h�xG
� QjTxiti�Txe � ilK:wHO6`aW6Oªu1z � � ��etcL�TxitO�¡jTXwHO�nB© ¤h�xG

^ _�bde�.bd`as�KBg�itOfetbPelRUTx`�W6OVM�itbPs�qHOfe\TxitO TBM�NPOªR�K¯� O6TBetLaitOªR�_�O ilO6etbPelR�TB`�W6OVs�bPetetb «
��TxRtbd`�q�T±wHO6i�Y�NPK<¡ �8K:¡�Ofi � s�K:¡�`ªR�K�TBM8KHLaR�F:� � � � 0 �³KH`�Rt_�O�Rt_�O6il� bPelR�KBi-!BbP`ªKHitsaO6i
`�KBR RtK _�OXTxR bIR L��'G ^ _�O��VOXTBelL�i�TBMaNdO1itOfetbPelRUTx`�W6O�i�Tx`�qHO6e gDilKH��gDOS¡ R�Of`�e�KBg�� R�KVT
gDOf¡ _L�`as�itOfs�e KBg .���G&�KHilO6K:wHOfi�R�_�O±� p M�itbPs�qHO±bPe�cL�bIR�O g�TBelR �³R�_�Oh� O6TBetLaitO6�VO6`}R
itOSgDitOfet_�itTxR�O1bPe�TBM8KHLaRhn9���V¤ �BG

^ _�O1J�p ilO6etbPelR�TB`�W6Oh� O6TBetLaitO6�VO6`}R�bde�saKH`�O±M}YVL�elbd`�qªT631OfYR�_�NPOfY nB¦H¥[W6L�ilitO6`}R
etKBL�itWfO !aW6TB��TBMaNdO R�K[W6bPitW6LaN£TxRtO WfL�itilO6`}R�e�s�K:¡�` RtK,F:� � � � �4!�TB`as T13�OSYR�_�NPOfY ��L�NIR�b «
�VOfR�Ofi � K�s�OfN%nB�H�H��G 0 bPR�_ Rt_�O6elO[R¬¡�KVbd`�e�R�itLa� Of`Rte ¡�O�WXTx`WfK<wBO6i�R�_�O�itTB`�qHO�Rt_�TxR
R�_aO�� p M�itbPs�qHOfe±WXTx`�`�KBR1O6����NdKHilO � ilO6etbPelR�TB`�W6Ofe�gDitKH��TxM�KHL�R�KH`�O6.��kRtK _L�`�s�ilO6s�e
KBg|����G

J�p �VOXTxetL�ilO6�VO6`}R�e�!�KH`yR�_�O1KBRt_�O6i _�TB`�s=!�TxitO�wHOfilYyelNdK:¡ M�OfWXTBL�elO !�bP`yKHits�OfijR�K
itOfs�L�WfO O6itilKHite�!}T±NdTBitqHO&`L���M8O6i|Kxg/e�TB�V��NdOfe³bPe|TBcL�bPitO6s !}TB`�s�RtK�qHOSR-itbPs�KBg/��Txi�TBelbPR�bPW
wHKBNPRUTxqHO TBWfitKHele�R�_aO,R�_�Ofit�Vbde�R�KHi[¡�O _�T:wBO R�KvMab£TBe[R�_�O,Rt_�O6il� bPelRtKHi[¡�bIR�_ :��²TB`�s
& � ! � � ]�GIFHGon;�SG
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µ¬` R�_abde�WU_�TB�aR�Ofi�¡�O1itO6�8KHi�R TBM8KHLaR�R�_�O��aitK�s�L�WfRtbdKH` ! � � ��GIF,� !�KBg)wxTBitbPKHL�e&e�TB�V��NdOfe�KBg
7h^�J §�O�gDKBijR�_�O\pjr�u1z { O ���8O6ilbd�VO6`}RXG

µ¬` � � �aG�n;� ¡�O�s�O6elW6itbPM�O\R�_�O�O6����Ofitbd�VO6`}R�TBN?elOfR�«¬L�� L�elO6svgDKHi R�_�O\� O6TBetLaitO6�VO6`}R
KBg&R�_�O L�NIR�itT�«¬NPK<¡j« R�Of� �8O6itTxR�L�ilO�OfNdO6WSR�ilbdWXTxN|W6KH`as�L�WfRtbPw�bPR¬YvKBg�elL�WU_ etTB�V��NdOfe6GVp�KH�ª«
��TBilbdelKH`y¡�bPR�_¯s�T�RUTª��itOfetOf`R±bd`yNPbPR�Ofi�TxRtL�itO�Tx`�syR�_�OfKHilYybPe���itOfetO6`}RtO6s�bP` � � ��G´¦ � G

� ��� � � � ����� �
�
	�� 
 �

7hOfLaR�ilKH`y^Ai�TB`�el��LaR�TxR�bPKH`yJ�KH�8O6syqHOfit� TB`�bPL�� bdej�aitK�s�L�W6OfsyM}Y bdili�TBsab£TxRtbd`�q[TB`yL�N «
R�itTB��L�ilOh§�O WfilY�elR�TBN/MY�� O6TB`�e-KBg�T�¶�LA� KBg8R�_�Ofit� TBN�`�OfLaR�ilKH`�efG&§�O `L�WfNdO6b�W6TB�aRtL�itO
R�_aO[`aO6LaRtitKH`�e TB`as¯gDKBit��wxTBilbdKHLaeji�TBsabdK}TBWSR�bIwHO�§1O1bdelKBR�KH�8O6e�!a¡�_�bPWU_elL�M�etOfcL�O6`}R�OfNPY
s�OfWXTXY¯bd`}R�K �he-!<��O[TB`�s�§[T � ¦H~ !8]B�+!8]�F;!8]Hn�# G&�±e�el_�K:¡�`�bd`¯RUTxM�NdO1��GIF;!�saL�O[RtKªR�_�O
bdelKBR�KB��bdW6TBN)W6KH�V�8KHetbIR�bdKB`KBg §�O�TB`�s�RtK R�_aO�`�O6L�R�itKB`vW6ilKHete�elO6WSR�bdKB`=!�Rt_�O�ilO6etLaNPR�bP`�q
s�KH�abd`�q bde Kxg³��« R¬Y���OxG

^ _�O,saKH��TB`}R[W6KH`aW6O6`}Rti�TxRtbdKH`�s�O6�8O6`�sae�M8KBR�_²KH`�Rt_�OV`�TxR�Lai�TBN TBM8KHL�`as TB`as KH`
`�OfLaR�ilKH`vTBMaetKHil�aR�bPKH`¯W6itKBete etO6WSR�bPKH`'G�®/KBi `�TxR�L�itTBNA§1O !�R�_aO�gDKBNdNdK:¡�bP`�qªs�KH��Tx`R WfKH`�«
W6Of`}R�i�T�R�bdKB`�e���Ofi `aO6LaRtitKH`�L�`�bIR ¶�LA��TBilO�KHMaRUTxbd`�Ofs � ]�F # �

�´§�T$# ' n��o~B��F:���  Wf� � � �8O6i�`�OfLaR�ilKH`��xWf�  �xe � ��GIF,�

¦H~
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� )�?���� �������� �*+V-�� � :�������� ��� ������!� �#";@ � ? � � $%$*? � � �
��& ?���� ��'��� � �*+V-�� � : �(�� � ��� �(��*) �+"-,/. )�? � � 0�� ? 0 35��- -
1 ? 0 � ��2����� �*+V-�� � :������� ��� ���� ) �+"3, . � �����' &T��"3, . )�?4$ & $%$*? � � -

^?TBM�NdO1�aGPF��-µ¬`as�L�W6Ofsv`L�W6NPOXTBi s�OfWXTXY�ehgDKHi�`�OfLaR�ilKH`vTBMaetKHilMaR�bPKH`bP` � � §�O"! � � §�O\TB`�s
��S§1O1bdelKBR�KB��Ofe6G

� �±e/# ' © �´¦}mZF:� � � W6� � � �8O6i `aO6LaRtitKH`���W6�  �xe � ��Gon;�
^ _�O ��O�W6KH`aW6O6`}Rti�TxR�TxR�bPKH`¯bde `�OfqHNdbPqHbdM�NPOBG

^ _�O 7h^�J ��itK�W6Ofete _�TBe R¬¡�K TBsawxTB`}R�TBqHO6e �

� ��bP`�W6O R�_�OyWfitKHele�etOfWfR�bPKH` gDKHi�`aO6LaRtitKH` WXTx�aR�L�ilO bde�c�LabPR�O,NdK:¡�!|R�_�O,`�O6LaRtitKH`
¶�L;� itOf�,TBbP`�eªW6KB`�elR�TB`}R,bP` ��TBetelbd`�q R�_aitKHL�qB_ RtK�etTB� �aNdO ! b G´OxG
R�_�O�s�KH��bP`�q
bPe�wHO6i�Y _�KH�VKHqHOf`�O6L�e�!�¡�_�OfitO6TBe �VO6NIRl« s�KH�8O6s §1O�elO6`�elKHiteVet_aK<¡ s�bdel��OfitetbIwHO
��ilKH�8O6ilRtbdOfe-!�OSwHO6`�bPg%R�_�OSY�TBitO1WfLaR M}Y¯`�OXTBilM}Y wHKHNPL��VO6e�KBgAR�_�O�e�Tx� O1WU_�bP�'G

� ^ _�O�s�KH��bP`�q,��ilK�WfO6ele1�,TXY�M�O\W6KH`}RtitKHNPNdO6sWU_�TB`�qBbd`�q,Rt_�O�bP`}R�O6qBi�TxRtO6s�¶�L;�vKBg
`�OfLaR�ilKH`�e�!&� T .bd`aq��8KHetelbdM�NPO R�K Tx����itK ��bd� TxRtO6NPY �aitO6sabdWfR�R�_�O ilO6elbdelRtbPw�bPR¬Y²KBg
Rt_�O1R�_�Ofit�VbdelRtKHi TBe T�gDL�`�WSR�bPKH`¯KBg³RtO6�V��Ofi�TxRtL�itOxG

{ TBWU_
��L�ilO §1O e�TB�V��NPO�¡jTBe\bdili�TBs�bdTxR�Ofs M}Y²T¯¶�L;� Kxg�Rt_�O6il�,TBN-`aO6LaRtitKH`�e�TB`�s
R�_aO6`²TB`�`�O6TBNdOfs²TxR�TBM8KHLaR1�H�H�65Up gDKHi�elb �v_�KHL�ile1bd` KHils�O6i±RtK �HitOf��TBbdi � s�TB� TBqHO�bd`
R�_aOªW6ilY�e�RUTBN elRtitL�WSR�L�ilOBG {-NdOfWfRtitbdW6TBN³WfKH`}RUTBWSR�e1¡�O6itOV� TBs�O�M}Y _�O6TXw�bPNPY�s�KH��bP`�q R¬¡�K
etbPs�O6e�KBg'R�_aO�e�TB�V��NPO ¡�bIR�_yQ � bdKH`�e � ¦87:F:� � �jW6� �  � RtKªT�s�Of�aR�_yKBg)TBM�KBLaR�nB�B�\`���G� N£TXYHOfi1KBg2� s � TxM�KHL�R\nB�y`��'��Tx`�s�KB`�OªKBg��±L � TBM8KHLaR��}�B�¯`a�'��TBilOªet��L�RtR�OfitOfs
KH`}R�KªRt_�O1R¬¡�K etL�i�g�TBW6Ofe6G&^ _�O�e�TB�V��NdO1bPejR�_�Of`�Tx`�`�OXTxNdO6sTxRhnH]x�65Up gDKBi KH`�O1_�KHLai6G

µ¬`�R�TBM�NPO[�aG�nªTBilO[ilO6�8KHilRtO6s¯R�_�O 7 ^�J e�Tx� ��NPO6e ��ilK�saL�W6Ofs�bd`yRt_�O1gDi�TB�VO1KBgAR�_�O
pjr�u1z {�O ���8O6ilbd�VO6`}RXG
��O6ilbdOfe?¦B¦ RtK ¦H© _�TXwHO&M�OfO6`[s�KH�8O6s[bd` F:~H~H~*!X¡�bPR�_[bd`aW6itO6TBetbP`�q
O ���8KHetLaitOjR�Kh`�O6L�R�itKB`�¶�LA� !}etOfO ®³bdqBL�itO � ��GIF,� G#��OfitbdOfe|¦H¦BQ�!B¦x�}Q
TB`�s�¦}]BQ
TBilO�elO6itbPO6e
¦H¦ !�¦B�VTB`�s¦}]*!�ilO6et�8O6WSR�bIwHO6NIY;!�R�_�TxR�itOfW6O6bIwHOfsvTªetOfW6KH`�ss�KHelO[bP`nB�H�aFHG
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®³bPqHL�itO1�aG�n �0��WU_�O6� TxR�bPW�KBg|_�K:¡ T 7h^�J bPe�qHNdL�OfsKB`�Rt_�O�WfKH���8O6i _�KHNdsaO6i�bd`�KHitsaO6i
RtK _�TXwHO[M�KBRt_�T qBK�K�syR�_�Ofit� TBN'W6KB`R�TBWfRhTB`asOfNdO6WSR�ilbdWXTxN'bd`�elL�N£T�R�bdKB`'G
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{ TBWU_�etTB�V��NdO|¡�TBe³qBNdL�Ofs=!:¡�bPR�_[µ��µ «(mB�H¦aF ¢&TBit`abdet_ !�KB`�T W6KH�a��Ofi?_�KBNds�OfiAbP`1R�_�Ofit� TBN
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Mixing chamber
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