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On the transverse variable pT(e) 

For the leptonic decays at hadron colliders: W à e!, "! :
In the W-rest frame:

<latexit sha1_base64="rLwJgFfl7eoS3URrLCHhOhrLYQc="></latexit>

prest` = (p, px, py, pz), prest⌫ = (p,�px,�py,�pz), 2p = me⌫

<latexit sha1_base64="yfI2pn12BG8T+9t+JhVSVvkzbPI="></latexit>

pT = p sin ✓, dpT = p cot ✓ d cos ✓, dp2T = p(m2
e⌫ � 4p2T )

1/2d cos ✓

<latexit sha1_base64="8aNH1DXV76C6LuII35Z6DQZLE9k=">AAACJnicbVDLSgMxFM3UV62vqks3wSLUhWWmFHVZdKHLCn1Bpx0yadqGZh4kd8QyzP+48T9cuRERQcFPMX0t2nogcDj33JtzrxsKrsA0v4zU2vrG5lZ6O7Ozu7d/kD08qqsgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhDm/H9cYjk4oHfhVGIWt7pO/zHqcEtORk72xgTzCZE7siYkkmxrFlB7oHx9hzYmb7UZKfk07xohQ61U7xvDN3FZMEJ4mTzZkFcwK8SqwZyaEZKk721e4GNPKYD1QQpVqWGUI7JhI4FTqGHSkWEjokfRZP4iX4TEtd3Aukfj7gibrgI55SI8/VTo/AQC3XxuJ/tVYEvet2zP0wAubT6Ue9SGAI8PhmuMsloyBGmhAquU6I6YBIQkFfNqNXt5YXXSX1YsG6LJQeSrnyzewIaXSCTlEeWegKldE9qqAaougFvaNv9GM8G2/Gh/E5taaMWc8xWoDx+wdkvaV2</latexit>
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<latexit sha1_base64="AGakm+Me2zGzEVd/5W0imBNYOyA=">AAAB8nicbVDLSsNAFJ34rPUV7dLNYBHqwpKEoi6LblxW6Av6CJPppB06mYSZGyGE/ogbETcKfoi/4N+Yttm09cDA4Zwz3HuuFwmuwbJ+ja3tnd29/cJB8fDo+OTUPDtv6zBWlLVoKELV9YhmgkvWAg6CdSPFSOAJ1vGmj3O/88KU5qFsQhKxQUDGkvucEsgk1yxVAjdlfRnPhs6NE7nNoXPtmmWrai2AN4mdkzLK0XDNn/4opHHAJFBBtO7ZVgSDlCjgVLBZsR9rFhE6JWOWLlae4atMGmE/VNmTgBfqSo4EWieBlyUDAhO97s3F/7xeDP79IOUyioFJuhzkxwJDiOf98YgrRkEkGSFU8WxDTCdEEQrZlYpZdXu96CZpO1X7tlp7rpXrD/kRCugCXaIKstEdqqMn1EAtRFGC3tAn+jLAeDXejY9ldMvI/5TQCozvP9zlj3g=</latexit>

(m2
e⌫ � 2p2T )

BW Jacobian ME<latexit sha1_base64="199M2VfYIrIW+H0bLNMmm8+q8xc="></latexit>
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Convoluted relation in MW / me! / pT !
Narrow Width Approx. #W à 0: 

<latexit sha1_base64="9HLpugtHU64z9+k18oYPuGGyCos="></latexit>

1

(m2
e⌫ �M2

W )2 + �2
WM2

W

! ⇡

�WMW
�(m2

e⌫ �M2
W )

<latexit sha1_base64="lgHudVkIuM6MloY8cnoQLWcP0RY="></latexit>
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Jacobian peak at pT = MW/2 for an on-shell W @ rest.
à It is an end-point / edge search in peT .
à It is sensitive to #W
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• In reality: the lab frame with W transverse motion:
<latexit sha1_base64="0OoQWXzWcg3sP7sttWenK7YgXhg="></latexit>

~pWT : � = pWT /EWT , EWT = (p2WT +M2
W )1/2.

<latexit sha1_base64="vrJPjkz6pa142vUoCqTmyY7KNW0="></latexit>

plabeT ⇡ presteT � �
px
pT

p ß Linear dependence on ! ~ 4% ! 

• Finite width effect:
Jack Smith, van Neerven, Vermaseren: 1983

"W = 1
2.5
5 GeV

The edge lowered & shifted.
The current expt error 
mainly from CDF/D0:
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On the transverse variable MT(e!) 
For the leptonic decays at hadron colliders, 

introduce the transverse mass:
<latexit sha1_base64="VQROeEBqf15MueS/4fHsOe5Qdg0=">AAACAnicbVDNSgMxGMzWv1r/qh69BIsgCGW3FPUiFEXwWKF/0G2XbJptQ7ObmGTFUnrz4qt4EfGi4AP4Cr6N2XYvbR0ITOabj2TGF4wqbdu/VmZldW19I7uZ29re2d3L7x80FI8lJnXMGZctHynCaETqmmpGWkISFPqMNP3hTTJvPhKpKI9qeiRIJ0T9iAYUI20kL1+49WrwCrrqQepx2C3BMyi8Wrc0cZEQkj8lN+Oyi/YUcJk4KSmAFFUv/+P2OI5DEmnMkFJtxxa6M0ZSU8zIJOfGigiEh6hPxtMIE3hipB4MuDQn0nCqzvlQqNQo9I0zRHqgFmeJ+N+sHevgsjOmkYg1ifDsoSBmUHOY9AF7VBKs2cgQhCU1P4R4gCTC2rSWM9GdxaDLpFEqOufF8n25ULlOS8iCI3AMToEDLkAF3IEqqAMMXsAb+ARf1rP1ar1bHzNrxkp3DsEcrO8/5QqVpA==</latexit>

ET =
q
m2 + p2T ⇡ pT

• Kinematically,  0 < me!T
2 < me!2 

! it is NOT Lorentz invariant, only boost invariant;
broad range, depending on the W width.

• "Mathematically related to MW
<latexit sha1_base64="2og85NXqu85RSKPq/zrFw1+705o="></latexit>
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<latexit sha1_base64="eUn9PzZ/1g6ugsJBsA1fKnJFIiE=">AAAB/HicbVDLSgMxFL3js9bXqEsRgkWoC+tMKeqy6MZlhb6grUMmTdvQTGZIMkIZ6sZfcSPiRsFv8Bf8G9N2Nm09EDj3nHvJvcePOFPacX6tldW19Y3NzFZ2e2d3b98+OKyrMJaE1kjIQ9n0saKcCVrTTHPajCTFgc9pwx/eTfzGE5WKhaKqRxHtBLgvWI8RrI3k2Sf5wEtoW8TjxyK6QGmBqqa8LJ57ds4pOFOgZeKmJAcpKp790+6GJA6o0IRjpVquE+lOgqVmhNNxth0rGmEyxH2aTJcfozMjdVEvlOYJjabqXB8OlBoFvukMsB6oRW8i/ue1Yt276SRMRLGmgsw+6sUc6RBNkkBdJinRfGQIJpKZDREZYImJNnllzenu4qHLpF4suFeF0kMpV75NQ8jAMZxCHly4hjLcQwVqQOAF3uATvqxn69V6tz5mrStWOnMEc7C+/wBJ1pME</latexit>
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e⌫T /2)

While the width effect is similar to peT,
less sensitive than peT in "2 dependence:

<latexit sha1_base64="YVUAzS5oPmigarwt5eRMw9MqJnY="></latexit>
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