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Normal Muon Decay
� Muon differential decay rate          
vs. energ y and ang le  (Michel  p a r a m et er  d escr ip t io n : ρρρρ, ηηηη, Pµµµµξξξξ, δδδδ))))

w her e

a n d  



T h e TWIST E x p eri ment
� H ig hl y  p o l a r iz ed  

su r f a ce µµµµ+ b ea m .

� µµµµ+ st o p p ed  in  t hin  
t a r g et  a t  cen t er  o f  
sy m m et r ic d et ect o r .

� D eca y  e+ a r e 
t r a cked  t hr o u g h 
u n if o r m  so l en o id a l
m a g n et ic f iel d .



Dat a s et s  and  analys i s
� D ata tak en in F all 2 0 0 2 :

� 6× 1 0 9 m u o n  d eca y  ev en t s in  1 6 d a t a  set s o f  a b o u t  2-3  d a y s ea ch.
� Fiv e (ρρρρ) o r  f o u r  (δδδδ) set s w er e a n a l y z ed  a n d  f it  t o  ex t r a ct  r esu l t s.
� Rem a in in g  set s w er e f o r  sy st em a t ic t est s.

� Monte C arlo s im ulation b as ed on G E A N T 3
� D eca y  sp ect r u m  in cl u d es 2 n d o r d er  r a d ia t iv eco r r ect io n s a n d  m o r e
� H id d en  o f f set s t o  Michel  p a r a m et er s t o  keep  a n a l y sis b l in d

� D ata and MC  ev ents  analyz ed w ith  s am e code
� A n a l y sis u sed  W est G r id a t  UB C  (1 0 0 8  In t el  3  G H z  p r o cesso r s)
� ∼3 1 ,0 0 0  C P U d a y s t o  a n a l y z e d a t a  a n d  sim u l a t io n s



R es ult s  f or ρ and  δ
� ρρρρ =  0.75080 ± 0.0003 2 ( s t a t ) ± 0.0009 7( s y s t ) ±

0.0002 3 ( ηηηη)

� 2.5 times better than PDG value.

� U nc ertainty  sc aled  to  ac c o unt f o r χ2 / d o f  =  7 .5/ 4  f o r d if f erent 
d ata sets.

� hep -ex / 0 4 0 9 0 6 3 ;  Phy sic al R eview  L etters 9 4 ,  1 0 1 8 0 5 ( 20 0 5)
� δδδδ = 0.74 9 6 4  ± 0.0006 6 ( s t a t ) ± 0.001 1 2 ( s y s t )

� 2.9  times better than PDG value.

� hep -ex / 0 4 1 0 0 4 5;  Phy sic al R eview  D 7 1 ,  0 7 1 1 0 1 ( R )  ( 20 0 5)
� Usin g  t he a b o v e v a l u es o f  ρρρρ a n d  δδδδ , w it h Pµµµµ(ξδξδξδξδ/ρρρρ)  >   

0 .9 9 68 2 (P D G ) a n d QR
µ ≥ 0 , w e g et

0.9 9 6 0 <  Pµµµµξξξξ � ξξξξ <  1 .004 0

� imp ro ves up o n Pµµµµξξξξ =   1 .0 0 27  ± 0 .0 0 7 9  ± 0 .0 0 3 0 .



Model Independent Muon Handedness



Im pli c ati ons f or  L -R  sy m m etr i c  m odel

Exclusion plot for L-R symmetric model mixing angle
and right-coupling partner boson WR mass.



S um m ar y  of  sy stem ati c  unc er tai nti es

0.04M u o n  b e a m  s t a b i l i t y  (a v e )
0.1 1T r a c k  s e l e c t i o n  a l g o r i t h m
0.2 0T h e o r e t i c a l  r a d i a t i v e

c o r r e c t i o n

0.2 0M o m e n t u m  c a l i b r a t i o n  
(a v e )

0.2 2S p e c t r o m e t e r  a l i g n m e n t
0.46Po s i t r o n  i n t e r a c t i o n s
0.49S t o p p i n g  t a r g e t  t h i c k n e s s
0.5 1C h a m b e r  r e s p o n s e  (a v e )

U n c e r t a i n t y  
i n  ρρρρ (× 1 03)S y s t e m a t i c  e f f e c t

0.04U p  a n d  d o w n s t r e a m  
e f f i c i e n c i e s

0.1 0T h e o r e t i c a l  r a d i a t i v e
c o r r e c t i o n

0.1 0M u o n  b e a m  s t a b i l i t y  (a v e )
0.2 9M o m e n t u m  c a l i b r a t i o n  (a v e )
0.3 7S t o p p i n g  t a r g e t  t h i c k n e s s
0.5 5Po s i t r o n  i n t e r a c t i o n s
0.5 6C h a m b e r  r e s p o n s e  (a v e )
0.6 1S p e c t r o m e t e r  a l i g n m e n t

U n c e r t a i n t y  
i n  δδδδ (× 1 03)S y s t e m a t i c  e f f e c t

Systematics for ρρρρ Systematics for δδδδ



T h e T E C

The TEC (time expansion chamber) is a transverse drift chamber
operating at 0.08 bar, separated from beam vacuum by 6 µµµµm Mylar

windows. It has two modules, one for x and one for y.



T h e s econd  p h as e f or TWIST
� D ata tak en in 2 0 0 4  w ith  im p rov ed ap p aratus  
and p rocedures :
� 7 1  µm  hig h-p u r it y  a l u m in u m  t a r g et  (r ed u ced  m u o n  
d ep o l a r iz a t io n  a n d  t a r g et  t hickn ess u n cer t a in t y ).

� b et t er  m o n it o r in g  a n d  co n t r o l  o f  m u o n  b ea m  w it h 
TEC  (r ed u ced  b ea m  u n cer t a in t y  f o r  sim u l a t io n ).

� im p r o v ed  co n t r o l  o f  cha m b er  d r if t  cel l  g eo m et r y  
(m o r e st a b l e cha m b er  r esp o n se).

� b et t er  o n l in e d ia g n o st ics o f  d et ect o r s a n d  b ea m .
� f eed b a ck t o  g a s d eg r a d er  (co n t r o l  st o p p in g  l o ca t io n )
� d a t a  f o r  ca l ib r a t io n  o f  p o sit r o n  in t er a ct io n s ...

� F irs t direct m eas urem ent of Pµµµµξξξξ ( nex t talk )   
and 2 × b etter p recis ion for ρρρρ and δδδδ ( early 2 0 0 6 )



P roj ect i on of  f ut ure res ult s
En g in eer in g  st u d ies t o  im p r o v e b ea m  t u n e (su m m er  20 0 5 )
P r o d u ct io n  r u n n in g  b eg in n in g  f a l l  20 0 5 ;  est im a t ed  
r eq u ir em en t  f o r  st a t ist ics a n d  sy st em a t ics is 

2.4  × 1 0 10 ev en t s (1 60  d a y s)
S im u l a t io n  a n d  a n a l y sis im p r o v em en t s:

D r if t  cha m b er  d et a il s, D ea d  z o n e, C el l  g eo m et r y , …
Fin a l  g o a l s f o r  u n cer t a in t ies (×1 0 3):

0.430.3 00.3 0Pµξ
0.3 90.3 20.2 2δ
0.2 60.2 40.1 0ρ
t o t a ls y ss t a tp a r a m e t e r



S ummary
� T W I S T ha s p r o d u ced  it s f ir st  p hy sics r esu l t s.

� H a s a l so  su ccessf u l l y  t est ed  st r a t eg ies a n d  
p r o ced u r es f o r  t he n ex t  p ha se.

� C u r r en t  a n a l y sis is f o r  t he f ir st  d ir ect  m ea su r em en t  o f  
Pµµµµξξξξ, im p r o v in g  it  b y  u p  t o  a  f a ct o r  o f  5 . It  w il l  a l so  
l ea d  t o  g a in s in  p r ecisio n  f o r  ρρρρ a n d  δδδδ.

� In  20 0 6-20 0 8 , T W I S T w il l  p r o d u ce it s f in a l  r esu l t s, 
t he g o a l  is a n  o v er a l l  r ed u ct io n  o f  u n cer t a in t y  b y  a t  
l ea st  a n  o r d er  o f  m a g n it u d e (t w ice t ha t  f o r  Pµµµµξξξξ).
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