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Motto:

What is the theoretical error?
It is “what we do not know” measured in permile units.

S. Jadach CERN, April 9-th, 2001
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The Art (Science?) of Estimating TH Errors.

[a] Complete (direct) evaluation

[b] Incomplete (indirect) evaluation:

[b1] Variation of the perturbative scheme (exponentiation, LPA,

LLogs)

[b2] Parametric method: vary parameters in the the calculation

(program)

[c] Scale parameter

�

safety factor;

NB. safety factor may be from numerical exercise of the type [b]

S. Jadach CERN, April 9-th, 2001
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The difference between two LPA schemes (R. Stuart 1996) is generally� 
� � � �� ��� � �

at the tree level and

� 
�� � � � �� ��� ��� �

at

� 
 � � �

.
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Content of YFSWW3

�

KoralW 5

What is included in YFSWW3

�

KoralW ?
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The physics content of RacoonWW is quite similar.

S. Jadach CERN, April 9-th, 2001



What is not included in YFSWW3

�

KoralW? 6

TH errors for ��� � �

��� � �

�
	 	 �	 ��
 � � ���� � � �� 	� ��� � �� � � � �� � � �	 �
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JLKM K * / @ B, ./ 0 & �� � � � �T T ; R S �T T U E U, . /0 : E . , ./0 :

W � � � � � � � � 	 � � � � X; � �� � 	 � E . , . /0 : E . , ./0 :

S � � "T X ��� 
 � % "#$ %5Y * Z-, . /0 &\[ Y ] / @ + �^ _ � _ �a` �	 � � � b "98 % c � W � E . , . /0 : E . , ./0 :

� �Ld e � �� �	 � fg hji k�li (N m "#$ % = ' = ( * n, ./0 : o �	 T � � p@ pq, . /0 : p@ p, ./0 :

b "98 = % rst 0 u vwxy 8 = 2 = z = r{ R S �T T U +-, . /0 & n, ./ 0 &

p p p p p}| 8 ~ p p p pq, . /0 ~ pq, ./ 0 ~

��� � ��� �� ���
�25, �� � from KoralW.

YFSWW3 lacks spin correlations in

� ��� �
part, � �� � �

effect. Comparison with

RacoonWW confirms that.

Strictly forbidden to combine the above errors!

Remarks on energy dependence: see next slide.

S. Jadach CERN, April 9-th, 2001
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Energy dependence of TH errors for � � � �

Close to the threshold LPA=DPA the prediction of YFSWW3

�

KoralW

should be interpreted as

��� �� � � � � �	

,

(i.e. convolution of four-fermion Born with ISR),

taking into account Coulomb correction.

This is sufficient to claim TH precision

� �

towards the threshold.

S. Jadach CERN, April 9-th, 2001
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YFSWW3-1.14 � RACOONWW A. Denner, S. Dittmaier,

M. Roth, D. Wackeroth

@ LEP2 Energies

� �������
	�� 
�� � �������
(Y � R)/Y [%]

YFSWW3 RACOONWW

�������������  �����!���"$#%!
&('  )�*��!� +"$#,&- +' � ������ $#%�.'
�0/�"(������� �0"��*�� ����1#2&3�4' �0"(�*���� ��1#5/6�+' �������1#5/�'
�0/6��������� �7!)�*��!����1#2&-8+' �7!��*�+"+/9�:#%���+' �����+/;#%�.'
������������� �<&=�>/�/6 )�:#2&. .' �<&3�>/�8���8$#5/�"�' ���?�@&A#%�.'
���+"(����8�8 �08��*!��)�7�1#586�.' �08(�*!����B&A#5/6�+' � ������8;#%�.'
���+8(������� �08��>/�/�8�8$#2&.�.' �08(�>/�/(���1#5/6�+' ���>"�8$#%�.'
����������"�� �7�)��"6���
&A#586!.' ���)��"B&.���C#D�����4' ���?���:#%�.'
�� )���>86��! �7�)��86�����1#58�/�' �7����8��7���1#%�+8�' ����!��1#%�.'
�� +8(�>8(�7 �7�)�*�B&-�� 1#E���4' �7���*������ 1#%�./�' ���>"4&A#%�.'
�� � ��>8(�7� �4/(�*���7�./;#E���.' �7���* ./6 ��:#%���+' ���>"�"$#%�.'
"6�)������"B& �4/(�*�+/�8�8$#E��"+' �4/9�*��!)���1#%�� +' ���>"6�1#%�.'
"6�+8(������� �4/(�F�7"+/6 1#58�8+' �4/9�*�./6 �"$#%�� +' ���>"6�1#%�.'
"6����������� �4/(�F�78��./;#E�+/�' �4/9�*�� 
&-"$#% ��+' ����!�!1#5/�'
"(�7��������� �4/(�F�@&-�./;#E���.' �4/9�*���+86�1#% )�0' ����!B&A#5/�'
"(�08(������� �4/(�*�+/6���1#G/
�.' �4/9�*��!./
�1#% )�0' ���>"4&A#5/�'

Agreement Within 0.4%

S. Jadach CERN, April 9-th, 2001
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TH errors for

� �

� ISR and other WW-production related corrections:� �� � � � � �� � �� , (

�

1MeV),

where� � 
�	 � 
�� 
 , � � 
� 	 � �� �
 ,� � � 


,... etc.

� FSR in W decays related corrections:� �� � � � �� 


(

�

5MeV ?),

where� �� 
 � 
� 	 �� � 
 � � � � � 
�� � �� � 
� � �� � � for CALO

or� � � 
 � 
�	 �� � 
 � � � � �� � 
 �� � ����
�

for BARE.

� Non-factorizable ISR*FSR, Coulomb:� �� � � � �� 


(

�

1MeV),

where� �� 
� � � 	

See next slides for “derivations”.

S. Jadach CERN, April 9-th, 2001



Example of “scale estimate” for TH error in Mass distribution 10

The influence of the corrs. from WW production (IRS etc.) on the W mass

MW W W−Γ +Γ
1M

f(M )1

� 
 � � � � ���� ��� � � � � 
 � � � � 
 � 	 
 � � � 
 � �
,

where

	 � is mild function of � � � � � 
� related to WW production (ISR etc.)

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

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

.

What is response of

� � � due to

	 
 � � � 	 
 � ��� � 	 � 
 � �? Here� 	 � is H.O. corr.� � ��� � � � � �� ��
� � � 
�� � �� 
�� � � � � � � �� �� � � 
 � �

Missing NLL

� 
�� 
 �
ISR gives� � � 
� 
 ; ��� from W’s,� � � 


, etc. etc.

S. Jadach CERN, April 9-th, 2001



Example of “scale estimate” for TH error in Mass distribution 11

The influence of FSR in W decays on the W mass

���� �� � 
 � 
� � � � ��� � � �� 
 � � � �� � 	
 � � ���� �� � 
 � � 
� � ,
where � � �� � �� 
 � 
� 	 �� � 
 �� � ���

�

for BARE

and � � �� � �� 
 � 
� 	 � �� � 
 � �
� ��
 �� �

� � � � � � �

for CALO.

Mass shift

� �� � � � � ; � � � � � � � � 
 � �� � � � � �� �
is accounted for in

� 
�� �

–complete calculation.

The missing

� 
 � 
 �

effect can be:

� � � � � � � � 
� 
 � �

MeV.

The influence N-F QED interferences on the W mass

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

� �� � � � � 
� � � 	 � �

MeV is accounted for (screened Coulomb),

and

� � �� � � � 
� 	 � 
 � �
MeV can be missing.

S. Jadach CERN, April 9-th, 2001
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YFSWW3 � RACOONWW������� ��� 	 �
	 � ��� � 
��� � 
���

����� � ����� � ����� � ����� ���� ���
����� ���
� ����� ���
� ����� ���
������� ���
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! ! ! !
! !
! !
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! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

"$#"&%('*),+.-/103254

6�6�7 8 9�:;7 : 9�<�7 8 9�8�7 := :;7 :�8
= :;7 :�>
:;7 :�:
:;7 :�>
:;7 :�8

? ? ? ? ? ? ? ? ? ? ?
? ? ? ? ? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
?
? ?
? ? ? ?@ @ @ @ @ @ @ @ @ @ @

@ @ @ @
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @

@ @ @
@

A,BDC$EGFIHJC$ELKC$E KNM�O�P

QSRUTWVYX3Z1[

\^]�_ ` \U`;_Wa `;_ ` `;_Wa ]�_ ``;_ `
b a�`;_ `
a�`�`;_ `
c a�`;_ `
]d`�`�`;_ `
] b a�`;_ `

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
e e e e e e e e

e e e e
e e e
e e
e e

f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f
f f f f f f f f

f f f f
f f f
f f
f f
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��� ���
��� ���
��� ���

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

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

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

� � ~ ������$����� �������&����

�����G���1�
�$���  ¡ , ¢�£¥¤
¦   ¡ @ § ¨ ©«ª�ª GeV

S. Jadach CERN, April 9-th, 2001
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Differential distributions

Proposal for an “error band”:

“Having a closer look into the results presented for the LEP2 MC

workshop, we read off the following band for the differences:

W production angle:

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


W invariant mass:

� ��� � �� � �� � � � � � � �� � 

This estimate results from the comparison at 200GeV, but we think

it could be taken for the entire LEP2 range above 170GeV.”

(email from Stefan.)

S. Jadach CERN, April 9-th, 2001
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Differential distributions

� � � � ��� � � :

The “error band” for TH error is probably not enough.

It reflects mainly the overall normalization error of � � � � .

For TGC analysis one should also estimate TH error (?) for the slope,

(parametric method, R-Y comparisons etc.),

for example using the average

� 
 � � ��� � � � ��

,

� � �� �� �

.

� � � �� � :

This is a separate subject.

� � � � �� :

This is a separate subject.

S. Jadach CERN, April 9-th, 2001
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Summary

� The comparison YFSWW3

�

KoralW versus RacoonWW remains a

cornerstone of the TH error estimate for WW observables.

� We stress on the richness of the structure and the origin of the TH errors,

pointing to many possible methods of quantifying them.

� The generic estimate of

� � � �

error for � � � remains as solid as before.

S. Jadach CERN, April 9-th, 2001


