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Ý«Þ¦ß�à á9Þ�â�ãhähåwâ¦æ�çVèêéëãhì{í¦ähã�í�î¬í�ã�Þ�à�à	í¦ï�ð	á�äháGñ�á�ì{í�â¦ähÞ�î]òôóqõ!æ£æ�öq÷�áqähá�îhæ�çVá�øqÞ�÷�í¦ßqß�å¢òúùSõüû�Þ¦ßqîhÞ�ìSé
îhåP÷ýì�Þ�þhähÞ¦ßqÞ�÷Yì�ÿ�æ,öyæhã�á�è§é ãhì{í�ähã�íªß�âSí�îhÞ�ì�æ�â¦ßoç4ð	á�âSíuà � îhÞ�á%æ,ö����háqî�æhá%áqø�Þcßqì�Þ¦ïhß�â¦ì£ì�ä¬í¦÷�ã�í��� âSí¦î�ðKí¦ä,â�îhÞ�ï
	[Þqð	á�à æ[æ¨öyí©á�á«þhähá�ð á�à	í¦÷�æ���ÝGÞ�ß�ã�ÞSà � ã�cè§é ãhì�í¦ähãVÞ���à	ísðKí¦á�â���Þ�à ��� Þ�ïV÷�í¦ß�ßqÞ�ï�ûæh÷�áqîhî�Þ�ì�ß�áqã�â¦Þ�äháGÿ«æ�öyæ�ãhæ�èêéëãhì{í¦ä�ã,í�÷�Þ���îhÞ�Þ���æ�ð	í�â � þhähÞsçhì�à¬áqîhæ�çcÞ¦â�ã,à¬Þ�îháqî�æhï£Þ¦â�þ�ähá�ð	ß�ã�íSéösí¦îhæ�ï � âSí¦î�ðKí¦ä�â¦îhÞ�ï�	[Þqð	á�à æ4ß«î¬í�æ���Þ�à ��� áqï¨ì�á�ähÞsç�â�î�Þ�ß�â ��� �è§é ãhì�í¦ähã���å�à[Þ¦â¦ãhähåwâªì%þhähÞ��há�ßqß�á�þ¬í�ähîhÞ�ø�Þ%ähÞ���ð	á�îhæ�ç�������â�Þ�âªþ�ähÞ��há�ßqß7ðKí � â�ì�ã,à	íuð4ÿ«áqï�éîh÷�í¦îhÞ�ì¦ßqãhæhá«ð	æ¬í¦ø�ä¬í¦÷�÷�åGû�øêð á�èêé�æ

t̄
éëãhì{í¦ä�ãhæ�ähÞ��%ðKí � â¦ßoç�ì��! #" ì¦áqä � æhîhá�ì¦öyí¦æh÷�Þqð	á�ïhß�â¦ì�æ�çßIø�à � Þ�îhÞ�÷$�%>ð	æhîhÞ��hîhÞ�áIähÞ���ð	á�îhæhá�èêéëãhì{í¦ähã�í�þhähá�ð ß�âSí¦ì�àhçhá�â�ß�Þ���Þ�ïªîhá�öyí¦ì�æhß�æh÷�åPïcã�í¦î¬íuàVähÞ��©éð	áqîhæ,ç èêé ã�ì{í¦ähã�í�û�Þ����¦ß�à Þ�ìSà áqîhî�åPï á�øqÞ���à á�ã�â�ä�Þ�ß�à	í���åP÷Oì¦öyí¦æh÷�Þqð	á�ïhß�â¦ì�áq÷Lß'&Yé(��Þ¦öqÞ�îhÞ�÷ æ*)�é

ãhì{í¦ähã�Þ�÷$�+�«í¦ã,��å�à¬Þ�Þ�â�÷�á���áqîhÞ�ì�ä{ç�ð	áIß�âSí�â�á�ï!û�þhähÞ��há�ßqß�åYßPÞqð	æhîhÞ���îhåP÷CähÞ��%ð	áqîhæ�áq÷ è§é ãhì�í¦ähã�í
÷�Þ�ø-��âcß�à��+��æ,â � æhß�â�Þ���îhæhã�Þ�÷ â�Þ���îhÞ�ï�æhî�ÿ�Þ¦äh÷�í��hæhæ[Þ�ì�á�ä � æ�î¬í��[ì¦ösí�æh÷�Þqð	áqïhß�â�ì�æ,ç�èêéëãhì{í¦ähã�í�ûì.�hí¦ß�â¦îhÞ�ß�â¦æ!û�Þ ß�â¦ä��ã�â���ähá

Wtb
ì�áqä � æhîhåGû�Þ�â�ì�á�â�ß�â¦ì�áqî�îhÞ�ï öyí]Þ¦ßqîhÞ�ì¦îhÞ�ï ã�í¦î¬íSà ä¬í�ßqþ¬íuð	í è§éãhì{í¦ähã�íGì«ä¬í¦÷�ã�í�� � âSí¦î�ðKí¦ä,â�îhÞ�ï�	[Þqð	á�à æ0/�þhí¦ä��hæ¬íuà � î¬í�ç � æhähæhîhí�ä¬í�ßqþ¬íuð	í ≈ 99% 1 æ�þhähÞ�þ�Þ�ä,é�hæhÞ�î¬íuà � îhÞ�ï2��à á�÷�áqî�â��%÷�í�â�ä�æ��hå3�4�5	 Vtb

��ÝGähæ��hæ�î¬í9ì�åPßqÞ¦ã�Þ¦ï6���ì�ß�â¦ì�æ�â¦á�à � î�Þ�ß�â¦æ�ì7â¦Þ�÷Pû��,â�Þì7��â�æ8�[þhä�Þ��háqß�ßyí��Vè§é ãhì�í¦ähãVähÞ���ð	í¦á�â¦ßoç[ì
Wtb

ì¦áqä � æhîhá¦û	ì�Þ¦âyà æ���æhæ4Þ¦â©þ¬í�ähîhÞ�ø�ÞªähÞ��%ð	áqî�æ�ç9�ÝGÞ�à¬îhÞ�ácß�á��há�îhæháVÞqð	æhîhÞ���îhÞ�øqÞ ä�Þ:�%ð	á�îhæ�ç èêéëãhì{í¦ä�ã,í;/=<?>!@BA
≈ 300

þ���î!û�ñ�áqì�í�â�ähÞ¦î9A
≈ 2.8þ���î 1 òDC�õ�ß�ä¬í¦ì�îhæ�÷�ÞcþhÞhû	þhÞ�ä{ç�ð ã�4ì¦á�à æ���æhîhåGû�ß�ßqá-�háqîhæ�áq÷ þ¬í¦ähîhÞ¦øqÞ��! E"¸ä�Þ:�%ð	á�îhæ�çF/G<?>!@BA

≈
800

þ���î!û�ñ�áqì�í�â�ähÞ¦î9A
≈ 8

þ���î 1 òHC�õ=���Cß�à á�ð ß�â�ì¦æhá�Þ¦â�îhÞ¦ßqæ�â¦á�à � î�Þ5��ÞSà ��� Þ¦øqÞ9ß�á��há�îhæ�ç�Þqð	æhîhÞ��hîhÞ�ø�ÞähÞ���ð	á�îhæ�çcè§é ãhì�í¦ähã�Þ�ìhû+��â¦æVþhähÞ��há�ßqß�å ðKí � â%ßI��J�áqß�â�ì�á�îhîhåPï�ì�ã�à	íuð¨ì�þ�Þ�à îhåPï£ÿ«Þ�î£ã�Þ�÷�îhÞ¦øqæh÷ð	ä��øqæh÷¢æhî�â¦áqähá�ßqîhåP÷Lÿ«æ�öyæ���áqßqã�æh÷Lþ�ähÞ��há�ßqßyí�÷Pûî¬í¦þhä�æh÷�áqä!û�ã þhähÞ���áqßqßqí¦÷¢ähÞ���ð	á�îhæ�çK��Þ¦öyÞ¦î¬í
 9æhø�øqßyí8� � à á�ð	Þ¦ì{í�â�á�à � îhÞ�û�ð á�âSíSà � îhÞ�á�ãhæhîhá�÷�í�â�æ�háqß�ã�Þ¦á7Þ�þhæ�ßyí¦îhæ�á>ì¦ßqáI�%þhähÞ��há�ßqß�Þ�ì�Þqð	æ�îhÞ��hîhÞ¦øqÞähÞ���ð	á�îhæ�ç è§é ãhì{í�ähã�Þ�ì]ß£÷�í¦ã�ßqæh÷�íSà � îhÞ°ì�Þ¦öy÷�Þ��ªîhÞ�ïCâ¦Þ��hîhÞ�ß�â ��� îhá�Þ��L�{Þqð	æh÷�Þ°îhá£â�Þ�à � ã�Þ ð¬àhçæhßqß�à á�ð	Þ¦ì{í¦îhæ�çmßqì�Þ¦ïhß�â¦ì�ßyí¦÷�Þ¦øqÞ4è§é ãhì{í�ähã�í�û�îhÞ4þhä�æmähá � áqî�æhæ ä�ç�ðKí£ð ä��øqæ8�mþhähÞ��Sà áq÷ ÿ«æ�öqæhãhæ
ì�åPßqÞ�ã�æ8�M�qîhá�ähøqæ�ï9�

� �+J�áqß�â¦ì���á�â«â�ähæ�Þ¦ßqîhÞ�ì¦îhåN��þhähÞ���áqßqßqíIÞqð	æhî�Þ��hîhÞ�ø�Þ7ähÞ��%ð	áqî�æ�ç«èêé ã�ì{í¦ähã�í�î¬íIísð	ähÞ�îhî�åN��ã�Þ�à�é
à	í¦ï�ð	á�ä¬í��O�QP�áqïhîh÷�í�îhÞ�ì�ß�ãhæhácð	æ¬í¦ø�ä¬í¦÷�÷�å ð¬àhç ì¦ßqáI� þhähÞ��há�ßqß�Þ�ìmì]ì�á�ðR�+J�áq÷OþhÞ�ä{ç�ð	ã�áVâ�á�Þ�ähæhæ
ì�Þ¦öy÷S�+J�áqîhæhïT/ ðKíSà á�á�<VU3þhä�æ���à æ��áqîhæhá 1 þhähá�ð	ß�âSí¦ìSà áqîhåFî¬ímähæ�ß��9ó��QW«ímähæhß��Pùmæ�XCþ�ähæhì�á�é
ð	áqîhå î¬í¦æ���ÞSà áqáVß-�+J�áqß�â¦ì�áqî�îhåPá¨ð	æ¬í�øqä¬í¦÷�÷�åYP�áqïhîh÷�í�î¬í ð¬àhç

t
é ã�í¦î¬íSà � îhÞ�ø�Þ°æ s

é ã�í¦îhíSà � îhÞ¦øqÞþhähÞ��há�ßqß�Þ�ì�ì�ß�à á�ð�� � J�á�÷ öyí�ø�à	í¦ì¦îhåP÷ þhÞ�ä{ç�ð	ã�á>â�áqÞ¦ähæhæ£ì�Þ¦öq÷S�+J�áqî�æhï./=Z[<VU`þ�ähæ���à æ8�%áqîhæ�á 1 �%>ð	æ�îhÞ��hîhÞ¦á ähÞ���ð	á�îhæhá4è§é ãhì�í¦ähã�íCî¬í íuð	ä�Þ�îhîhåN�Yã�ÞSàhà	í¦ï�ð áqä¬í��Yæ�ö����¬íuà Þ�ß � ä¬í�îháqá�ì ä{ç�ð	áä¬í���Þ¦â òDX�õN��W«í¦æ��Þ�à á�á�þhÞ�à î�åPï°îhí���Þ�ä�þ�ähÞ��há�ßqßqÞ¦ì¨ì�ä¬í¦÷�ã�í�� � âSí¦î�ðKí¦ä,â�îhÞ�ïK	[Þqð	á�à æ!û	ðKí � J�æ��ì�ã,à	íuð ì�Þqð	æhîhÞ���îhÞ�á£ähÞ��%ð	áqîhæ�á�èêéëãhì{í¦ähã�í�û?��å�à æ,ö����háqî ì�ähí���Þ¦âSí��Yò]\hûS^uõ û�í4ì�å$�hæhß�à áqî�æ�ç ßqá�é
�háqîhæ,çmì_ZB<`U þ�ähæ���à æ8�%áqîhæ�æ°ð¬à¬ç

s
é ã�í¦î¬íuà � îhÞ�ø�ÞVæ t
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pp → tqb̄
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�´�å�¶�²BËC�²9´�º!ª�°m¸�·�« Ü º��½sË¬½5µ�¶�·�®�²�¸9¸�· Ã pp → tq(t̄q)


pp → tq(t̄q)+b

,µ�·!¬#´�·�²oÄTÅ2Æg¸�²�³�²�´��²
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ßsÁ�ÞÈµ�ª	É�²9º!ª�Ï¢ë�� 	 Î î`Ó	ã!ðñÔ��´�º	²�¶�Ç?²�Ê�¸�´�·�Ê4«��«!¬#�·	º	²�É�4»i²9ê3Ë#¹�µ�¶�·�å9¶ª	»i»�ª	»i4Ï�ù�ú5ûÎaü ë�
ë�� 	 Î��� Ì á�¶�·�å9¶ª	»i»�ª&ë�� 	 Î���q�¸�µ�·�¬#Á	¼9¹�²9º	¸|½hË¬½�»i·�ËC²b¬#�¶�· Ã ª	´��½hå�¬ÞT·�´�´�·�å�·(D¼9¬¹m³�²9´��½
Ù�ôÿ����	íiÿ��aÛbÔ#ª*ËC¶�·�´�D¼*ª	®��hÉ Ã ª�¶�É�· Ã  ¿ Ç?Ç?²�ÉDº�· Ã »i´�·*ê3²�¸bº Ã ²9´�´�·�å9· Ã ¼*ª��»i·�ËC²�Ê�¸bº Ã D½ Ì�Í ª_¬#²�²�Ô

â



������������� ��!#"%$'&�$'(���$*)�+�,���$
-'-.�
pp → t̄qb

-0/1&�$32�,�45,���+�$
67��(���8
PT (b) > 10 9;:'< -=��-
)�,��?>�6',�@A ��(���$
45BDCFEHGI/1(�J�����KL+���-
)�+�$NM?$3�?$
(���8O)���+�2�,�(�, A�P?Q ��8RC;SDTU-
$'&�$
(���$V+�� A (�,W�YX P[Z )���(]\?M���8��$ A ��2�+�,�(��^-'$
&�$'(���$_)�+�,���$'-'-'� pp̄ → t̄qb `ba P[c X Z )���(ed�&���-3�f� A -'JY,���J1�hg�i P <%j ��,�+k6.(��7&�$
(���8,���+�$367��(��l8m,���no8�-
(�$'( A -3�?$pM?/1q�r=$
4s+���6NMf$3�?$ Ptu,'Mf)�+�,���$'-'- j

ūg → d̄t̄b ūg → s̄t̄b dg → ct̄b
gū → d̄t̄b gū → s̄t̄b gd → ct̄b
c̄g → d̄t̄b c̄g → s̄t̄b sg → ct̄b
gc̄ → d̄t̄b gc̄ → s̄t̄b gs → ct̄b
dg → ut̄b
gd → ut̄b
sg → ut̄b
gs → ut̄bc�v�Pxw d a P[cyw�z i%)�� � PxZ d a P a c i%)�� vlPxz d a P a w1{ i|)��

�������������~}l!�tu,���(�,�$R-'$
&�$'(���$L)�+�,���$
-'-'��+�,7�*Mf$'(���8e,'Mf��(�,�&�(�,��',
t
@�J A ��+�J1� A BDCFE�)�+������?�1@�*$'(�����M���8

mt � { X�}�� z���P�� -')�,��?>�6', A �h�?��-'>LGu/l(�J�������+���-')�+�$NMf$N�?$'(���8�)���+�2�,�(�, AO�
���
� }�� { \���u� Q 4���-
�02h����+�� A $'( Mtb

M���8
s
@�J1��(��h�?>�(�,��',*�

sqrt−(~pt − ~pb

M���8W�?��(����_�?$'�
J��lg�J A ��+�JY, A �
sqrt−(~pt − ~pb + m2

t

M���8L����(����O278��*$N� j gbJ A ��+�JY, A�A t
@�J1��(��h��>�(�,�4�)�+�,���$
-'-
$ P tI,��'+�$3�=(�,�-32�>

A Jl�?q�&���$
2V-32h��2���-
2���&�$'-
J�/1qH,��=����J�/Ld 0.1÷ 0.4%
i���,��0����J�/ A ��+�>���+�, A ��(���8_��� Q 4���-3�02h�����d�M���8���$ A ��2�+�,�(�� ` ±5%

�WM���8mC;S�T ` ±2%
i P

tI+�,���$'-
-
t
@�J1��(����?>�( j K s

@ J1��(��h�?>�( j K� 152.6 ± 3.1 6.55 ± 0.14CFSDT¡d¢)��Yi
t̄ 90.0 ± 1.9 4.1 ± 0.1
t̄ £ � 242.6 ± 3.6 10.6 ± 0.17� 0.95 ± 0.1 0.44 ± 0.04��$ A ��2�+�,�(¤d¢)��Yi t̄ 0.95 ± 0.1 0.44 ± 0.04
t̄ £ � 1.9 ± 0.1 0.88 ± 0.05

X



¥'¦�§�¨ª©�«�¬=�®7¯�«�°�¦'±f²
³�¥
©��«�¬*°�¦�´
µY©u§�¨ª©�¶·±f¦��²p±f²'¸�¨b±f¦D°�¦'±f²N¹?«�º�¦��¯�¸�«�¬0¦�©�»l¹�«�»1¯Dº�².¯�¹?¶�¸�¦�´
¦·±f²N¼
©�²'»l©�¦�º�¯l½?¾�©h¯�»Y¦�³m¿�¦�¥
©h¯�¸�¦��»Y²u®7¯�±À¯7Á�«�´
²'¸�²
º�¯�©�¦�ºm¥
¦7Âlº�¯�¸�¬�²3©�¿�º�¯��«l¹�¶�¸�µ1ÃU¥'¿�«�¸�¦��µ1ÃU¥
©�º�µ1»l¼
©�µ1º�µO¥'¦�§�¨ª©�«�¬b«]Äo¿�¦�Å3©�¦�°�µ�Ä;�¥'²V¥'¿�«�¸�¦��¨�²Æ»Y¦�º�º�²N¹�¬�Ç�«�«k�º�¯�¥
¿�¯�±À¯�ÂLµlÁl©�²'¸�¨u½oÈÉ¹�¬Ê±À¯h¹�¶�¸�²'³1¼
Ë ²'´
¦b«�¥'¥3¹�²N±f¦��¯�¸�«�¬�§�¨%¹?«�¿�º�«�´'¦�©�¦��¹?²
¸�¨Ì¦�§�º�¯�®.Ç�¨Í¥'¦�§�¨ª©�«�³¤±�¹�¬~�¥
²3Â~¸�²'¦�§.Ây¦'±f«�°�¨%Â�¿�¦.±�¼
¿�º�¦�Ç�²
¥'¥
¦��½;È=¯�¸�¸�¨�²W¦�§�º�¯�®.Ç�¨Î¿�º�²N±f¥3©h¯��¹�¬�Ã�©O¿�²
º��µ1ÃÌ�²
º�¥'«�ÃÏ´'²'¸�²'º�¯�©�¦�º�¯^ÐÒÑ1Ó�Ô�Õ�ÖØ×'ÙFÚ�ÛlÐ�Ü�½xÝ�½
¾%¥'²ßÞÉ¯�³l¹?¨�¥�¥'¦�§�¨ª©�«�¬�°�«V±f¦�¥3©�µ1¿�¸�¨sI§y¯h®7¯hÂÉ±À¯�¸�¸�¨%Â à�¦�¸�©�²N¼âáI¯�ºl¹�¦ã¥
¦�§�¨ª©�«�³�»Y¦�¹�¹?¯�§�¦�º�¯�Ç�«�³ä�å Ñbæ[ç�èhé;«�ê�Ý�æ[ç�ëhéì½

í î ï�ð�ñßòôóõñ�ò^ï%ö^÷�ø�ñÉù0úIû�÷�ü�ý|ñãþÉÿÍðD÷���ù������ ï���ð�÷�ùÉû�ñãó �
	��
 ø�÷�þIöm÷�� ï�û�÷�÷��

� ²'Á�²
¸�«�¬ t ¼ »l¯�¸�¯h¹?¶�¸�¦�´'¦ã¿�º�¦�Ç�²
¥'¥'¯��¢©h¯�§h¹;½��É«�����¿�¦�¹�µlÁ�²'¸�¨eI±?º�²'�²
¥'¸�¦�°�¿�º�«�§�¹�«��*²'¸�«�«_¥·µ1Á�²N¼©�¦�°b¿�¦�¹?¸�¦�´'¦É¸�¯�§�¦�º�¯·±f«�¯�´
º�¯�°�°��=²
³�¸�°�¯�¸�¯lÄ1´ ±?²��Ò¼�»��¯�º�»V¿�¦7¬��¹�¬�²
©�¥�¬ �°�²'¥
©�²�¥%±f¦�¿�¦�¹?¸�«l©�²3¹�¶�¼
¸�¨�°�«��l¼ »�y¯�º�»Y¦�°^«ã¹?²'´
»�«�°R»��¯�º�»Y¦�°RD»Y¦�¸�²'Á�¸�¦�°R¥'¦�¥3©�¦7¬�¸�«�«���¿�º�¦�Ç�²'¥
¥ 2 → 3  �3½"!·±f¸�¯�»Y¦�Ähº�¯�¥N¼Á�²
©_¿�º�¦�Ç�²
¥'¥.¯ 2 → 3 *±fº�²
�²'¥
¸�¦�°s¿�º�«�§�¹?«��*²
¸�«�«R¸�²É�»l¹�ÃDÁ�¯�²3©_§�¦�¹�¶ Ë «�²I¹?¦�´N¯�º�«�ÞI°�«�Á�²
¥'»�«�²á$#ßÈ ¿�¦�¿�º�¯��»�«]Äy¥'�¬l®7¯�¸�¸�¨�²ß¥·´
º�¯�ÞI¦�°Ê±f«�¯�´
º�¯�°�°�¨ g → bb̄ «V�¦�®.¸�«�»1¯�Ã&%=«�²·I¦�§�¹f¯�¥
©�«Æ°�¯h¹?¦h¼´'¦0¿�¦�¿�²'º�²'Á�¸�¦�´'¦0«�°�¿�µ7¹?¶�¥.¯'�l¼�»�y¯�º�»1¯�½)(|©�«W¿�¦�¿�º�¯�»�« °�¦*��¸�¦I¿�²'º�²'¥
µ1°�°�«�º�¦�y¯�©�¶*¥
©h¯�¸1±f¯�º�©�¸�¨�°
¥'¿�¦�¥
¦�§�¦�°s«R�»l¹?ÃDÁ�«�©�¶_W¿�¯�º�©�¦�¸�¸�¨�²*º�¯�¥
¿�º�²p±f²3¹?²
¸�«�¬+�l¼ »�y¯�º�»1¦�WW¿�º�¦�©�¦�¸�²�½]¾õÅ3©�¦�°e¥N¹�µ1Á�¯�²,.- ¿�º�«�§�¹�«��*²'¸�«�²'° t ¼ »1¯�¸�¯h¹?¶�¸�¦�´'¦�¿�º�¦�Ç�²'¥
¥.¯m§�µ7±?²
©Êº�².¯�»�Ç�«�¬ 2 → 2 ¥/�l¼�»�y¯�º�»Y¦�°�m¸�¯7Á�¯�¹?¶�¼¸�¦�°O¥'¦�¥3©�¦7¬�¸�«�«0��±?«�¯�´'º�¯�°�°�¯��213��¸�¯Iº�«�¥�½�Ü4�3½65I¦�Ä�¦�Á�²
�«1±f¸�¦�Ä�I»1¦�¸�²'Á�¸�¦�°k¥
¦�¥
©�¦�¬�¸�«�«��¥'²ßº�¯��¸�¦
±f¦�¹7�*²
¸Ê¿�¦7¬��«�©�¶�¥�¬8�l¼�»��¯�º�»]Ä?©h¯�»R»1¯�»8�l¼ »�y¯�º�»�«Ê°�¦�´3µ1©W�¦�®.¸�«�»�¸�µY©�¶��¿�º�¦�©�¦�¸�²0©�¦�¹?¶�»Y¦_¿�¯�º1¼
¸�¦�ÄF«�®W´ ¹?Ã�¦�¸�¯�Ä�¸�¯hÂ�¦.±�¬�%=²
´'¦�¥�¬~�¸�² °�¯�¥
¥'¦��¦�³¤¿�¦��²'º�Âl¸�¦�¥
©�«9� g∗ → bb̄ �N½�áu¦�¸�²'Á�¸�¨�³��1¼�»�y¯�º�» ¿�º�¦�Ç�²'¥
¥'² 2 → 2 °�¦*��¸�¦Æ¥'°�¦'±f²3¹�«�º�¦�y¯h©�¶W¥É¿�¦�°�¦:%0¶�Ã¡°�²NÂY¯�¸�«�®.°�¯<;ÒÑ�=ÉÄ?¿�¯�º�©�¦�¸�¸�¦�´'¦V¹?«��¸l¬]Ä«1±?µ�%=²
´'¦Æ¦�©Æ¸�¯7Á�¯h¹?¶�¸�¦�´'¦*¿�¯�º�©�¦�¸�¯�½1È0¦�¿�¦�¹�¸�«�©�²N¹?¶�¸�¨�³m»Y¦�¸�²'Á�¸�¨�³>�1¼�»�y¯�º�»_¿�¦7¬��«l©�¥�¬�V¦.±?¸�¦�°
«�®0�²
©�h¹?²'¸�«�³m¹?«��¸l¬]Ä?»Y¦�´ ±À¯�«�¥'¿�¦�¹�¶�®'µ�²
©�¥�¬R¬Y±fº�¦ g∗ → bb̄ ? ½@!·±f«�¸^«l®I±f�µYÂ>�l¼ »�y¯�º�»1¦��§�µ.±f²3©¸�¯7Á�¯h¹?¶�¸�¨�°¤¿�¯�º�©�¦�¸�¦�°A�*²'¥3©�»Y¦�³Wº�².¯�»�Ç�«�«]Ä1¯u�©�¦�º�¦�³�µ1³1±f²3©0É»Y¦�¸�²
Á�¸�¦�²·¥'¦�¥3©�¦7¬�¸�«�²�½�È=¯h¹?²'²ß°�¨
¿�¦�»1¯"�*²
°�ÄyÁ�©�¦ã»1¦�°�§�«�¸�¯�Ç�«�¬Æ¥'¦�§�¨ª©�«�³V±�¹�¬Æ¿�º�¦�Ç�²
¥'¥
¦� 2 → 2 « 2 → 3 ¿�¦�®.�¦�¹�¬�²
©ÉÅ
ÞÉÞI²
»�©�«��¸�¦¥'¦�®N±À¯�©�¶�¦�§�º�¯h®.Ç�¨5¥'¦�§�¨ª©�«�³CB ,D- ©�¦�Á�¸�¦�¥3©�«]½E ¯�¥'Á�²
©Æ¿�º�¦�Ç�²'¥'¥'¯ 2 → 3 É±fº�²
�²'¥
¸�¦�°~¿�º�«�§h¹?«��*²
¸�«�«�¸�²D�»l¹?ÃDÁ�¯�²
©V§�¦h¹?¶ Ë «�²·¹?¦�´N¯�º�«�ÞI°�«l¼Á�²'¥
»�«�²*¿�¦�¿�º�¯��»�«#Ä#¥'�¬�®7¯�¸�¸�¨�²*¥=¿�º�¦�Ç�²'¥
¥'¦�° g∗ → bb̄ ÄÀ¸�¦W»Y¦�º�º�²'»�©�¸�¦m°�¦'±f²N¹?«�º�µ�²
©�¿�¦��²N±f²
¸�«�²
PT

�l¼�»�y¯�º�»1¯WF�*²
¥
©�»Y¦�³O¦�§�¹?¯�¥
©�«]½G5I¯�¦�§�¦�º�¦�©�Ä#¥0¿�¦�°�¦:%0¶�ÃÎ��²p±f²'¸�«l¬L¿�¯�º�©�¦�¸�¸�¦�´
¦�º�¯�¥'¿�º�²N±f²N¼
¹?²'¸�«l¬C�l¼ »�y¯�º�»1¦�Æ«�°�¦'±f²3¹�«�º�¦�y¯�¸�«�¬m»1¦�¸�²'Á�¸�¦�´'¦<�l¼�»��¯�º�»1¯*°�²3ÂY¯�¸�«�®.°�¦�°H;ÒÑ�= °�¦*� ¸�¦V¥
¦�®3±À¯h©�¶
¿�º�¯��«1¹?¶�¸�¨�²=¥
¦�§�¨ª©�«�¬Ê¥ã°�¬�´'»�«�°H�l¼�»�y¯�º�»Y¦�°�ÄÀ¯��»1¹f¯�±0�=²'¥
©�»Y¦�³R¦�§�¹f¯�¥
©�«R¿�¦ PT (b) §�µ.±f²3©_¥'²N¼º�¶�²
®'¸�¦I¸�²N±?¦�¦�Ç�²
¸�²'¸]½3I�¯�»�«�°L¦�§�º�¯�®.¦�°�Ä�uº�¯�®3¹?«�Á�¸�¨%ÂV¦�§�¹f¯�¥
©7¬lÂ*¿�¦ PT (b) ¸�µ�� ¸�¦u«�¥'¿�¦�¹�¶�®.¦��¯�©�¶º�¯�®.¸�¨�²Æ¿�º�«�§�¹?«J�*²'¸�«l¬]½oá ¥'¦*�V¯h¹�²'¸�«�ÃãÄo¸�²'�¦�®.°�¦*��¸�¦_¿�ºy¬�°�¦�²�Ä]¸�¯�«��¸�¦�²*¦�§"K;²N±f«�¸�²'¸�«�²*¦�§�º�¯�®3¼
Ç�¦�¤¥
¦�§�¨ª©�«�³5¿�º�¦�Ç�²
¥'¥'¦� 2 → 2 « 2 → 3 Ä�©h¯�»s»1¯�»s�»l¹f¯7±5¸�²'»Y¦�©�¦�º�¦�³s¦�§�¹f¯�¥3©�«sÞÉ¯�®.¦��¦�´'¦¿�º�¦�¥3©�º�¯�¸�¥
©��¯W§�µ.±f²
©Wµ1Á�«l©�¨�y¯�©�¶�¥�¬m±f�¯�º�¯�®.¯�½ E ² Ë ²'¸�«�²'°5¿�º�¦�§�¹�²'°�¨�±f�¦�³�¸�¦�´
¦�µ1Á�²
©h¯W°�¦*�*²3©
§�¨ª©�¶Iº�¯�®N±f²3¹�²'¸�«�²·¦�§�¹?¯�¥
©�²'³V«�¥'¿�¦�¹?¶�®'¦�y¯�¸�«l¬V°�²
©�¦'±f¦�ãº�¯�¥'Á�²3©h¯É¿�¦u¸�²'»Y¦�©�¦�º�¦�°�µ0Ây¯�º�¯�»�©�²'º�¸�¦�°�µ
»�«�¸�²
°�¯�©�«�Á�²'¥'»Y¦�°�µm¿�¯�º�¯�°�²
©�º�µ�½
LNM3OQPSRUTWV"PYX)Z4TW[$\^]NR�]N[Q_a`GTWV4bdc4efV4gU[QTW[a\ahfRUi4`j]kefOa]UcfOW\QlmVfP7]nb'o2prq4\QOae4qs[QPYX3c4[QtUTW[^PSu'ifOavU\QOai4V4R

2 → 3 w h4btxTW[agx[yc4e4[Qz4Rx]x]UO$u^]{hf[Q\ai4["|)}~O�cfOae4TW[aifi4[QP8use4[Q\ai4R�txTW['c4ef[az4R�]U]
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CompHEP (tqb+ISR) and Pythia (tq+ISR) processes
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CompHEP (tqb+ISR) and Pythia (tq+ISR) processes, (no cuts)
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CompHEP (tqb+ISR) and Pythia (tq+ISR) processes, PTb cut = 20 GeV
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