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L0 Bandwidth DivisionL0 Bandwidth Division
for the TDR for the TDR -- UpdateUpdate

Eduardo Eduardo R odri g ue sR odri g ue s ,  C ER N,  C ER N

I. L0 optimization: setI. L0 optimization: set-- u p and  meth odu p and  meth od

�� SetSet-- u p  a n d  m eth o du p  a n d  m eth o d

�� C o m b i n a ti o n  o f  c h a n n el s  C o m b i n a ti o n  o f  c h a n n el s  -- >  o v er a l l  tr i g g er  o p ti m i z a ti o n>  o v er a l l  tr i g g er  o p ti m i z a ti o n

II. L0 optimization w ith ou t tag g ing  inf or mationII. L0 optimization w ith ou t tag g ing  inf or mation

�� O p ti m a l  p er f o r m a n c e f o r  i n d i v i d u a l  s i g n a l  c h a n n el sO p ti m a l  p er f o r m a n c e f o r  i n d i v i d u a l  s i g n a l  c h a n n el s

�� O p ti m a l  tr i g g er  p er f o r m a n c e a n d  b a n d w i d th  d i v i s i o nO p ti m a l  tr i g g er  p er f o r m a n c e a n d  b a n d w i d th  d i v i s i o n

III. L0 optimization w ith  tag g ing  inf or mationIII. L0 optimization w ith  tag g ing  inf or mation

�� “ U s a g e”  o f  ta g g i n g  i n f o r m a ti o n“ U s a g e”  o f  ta g g i n g  i n f o r m a ti o n

�� C h ec k s  o n  ta g g i n g  p er f o r m a n c eC h ec k s  o n  ta g g i n g  p er f o r m a n c e

�� So m e r em a r k sSo m e r em a r k s

IV . C onc l u sions and  ou tl ineIV . C onc l u sions and  ou tl ine



Eduardo Rodrigues LHCb Collaboration Week, 21st May 2003 2

L0 Optimization L0 Optimization ––
SetSet--up and Method (I)up and Method (I)

�� SetSet-- u p :u p :

�� use all interactions use all interactions ( sing le and  m ultip le interaction ev ents)

�� newnew :  use only  h alf  of  th e av ailab le sam p les siz es:  use only  h alf  of  th e av ailab le sam p les siz es

->  ab ility  to cross-ch eck  results on an ind ep end ent sam p le

�� newnew :  now  also using  S P D  &  P ile:  now  also using  S P D  &  P ile--up  v eto m ultip licity  cuts up  v eto m ultip licity  cuts ( set to v alues ob tained  b y M assi)

�� newnew :  tag g ing  inf orm ation av ailab le f or inclusion in th e op tim iz atio:  tag g ing  inf orm ation av ailab le f or inclusion in th e op tim iz ationn

�� M eth o d :M eth o d :

�� O p tim iz ation d one w ith  M I N U I T  O p tim iz ation d one w ith  M I N U I T  -- v ary  L 0  th resh old s and  v eto h eig h t of  second  p eakv ary  L 0  th resh old s and  v eto h eig h t of  second  p eak

-->  sy stem atic scanning  of  th e w h ole p aram eter sp ace ( E>  sy stem atic scanning  of  th e w h ole p aram eter sp ace ( E TT th resh old s,  v eto cut)th resh old s,  v eto cut)

�� M ax im iz e:M ax im iz e:

a)  L 0  ef f iciency        <a)  L 0  ef f iciency        < -->  no tag g ing  inf orm ation consid ered>  no tag g ing  inf orm ation consid ered

b )  L 0  trig g er p ow er <b )  L 0  trig g er p ow er < -->  tag g ing  inf orm ation consid ered>  tag g ing  inf orm ation consid ered

( d ef inition d etailed  later)
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L0 Optimization L0 Optimization ––
SetSet--up and Method (II)up and Method (II)

�� Some technical details:Some technical details:

�� L0 thresholds are varied in a discrete way L0 thresholds are varied in a discrete way 

-->  less dep endence on statistics and f ak e op tim al setting s>  less dep endence on statistics and f ak e op tim al setting s

�� f or each set of  thresholds there is a corresp onding  m inim u m  b iaf or each set of  thresholds there is a corresp onding  m inim u m  b ias retention rates retention rate

-->  constraint im p lem ented in M I N U I T>  constraint im p lem ented in M I N U I T

-->  L0 M .  B .  retention =  1 M H z>  L0 M .  B .  retention =  1 M H z
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L0 optimization L0 optimization ––
Combination of ChannelsCombination of Channels

48 k

5 0  k

3 3 7 . 5  k

9 9  k

49  k

# events

1 6 9 03 3 7 4Bd -> π πα

# o f f .  sel .  events f o r  

o p ti m i z a ti o n
# o f f .  sel .  eventsC h a nnel ( s)Q u a nti ty  

m ea su r ed

41 081 7Bd -> Κ* γR a r e  d e c a y s

1 9 5 13 86 3Bs -> J/Ψ (µµ) Φ2δγ

3 7 0 57 3 6 9
Bs -> Ds Κ
Bs -> Ds π

γ

7 7 31 5 3 1Bd -> J/Ψ(µµ/ee) Ksβ

�� Present scenario: some channels representative of each type of Present scenario: some channels representative of each type of measu rementmeasu rement

�� each of the 5 groups is optimized separatelyeach of the 5 groups is optimized separately

�� optimization  such that each group has the same loss in  performaoptimization  such that each group has the same loss in  performan cen ce

=  eq ual =  eq ual L H C bL H C b performan ce on  each type of measuremen tperforman ce on  each type of measuremen t

(Using half the sample (odd-numbered events) for the optimization)
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L0 optimization withoutL0 optimization without
Tagging Information (I)Tagging Information (I)

1. 1. O p t i m i z i n g  e a c h  c h a n n e l  s e p a r a t e l y  o n  t h e  L 0  e f f i c i e n c yO p t i m i z i n g  e a c h  c h a n n e l  s e p a r a t e l y  o n  t h e  L 0  e f f i c i e n c y ……

i g n o r i n g  t h e  t a g g i n g  i n f o r m a t i o n  …i g n o r i n g  t h e  t a g g i n g  i n f o r m a t i o n  …

63.1 +/- 1.25 6.6 +/- 1.2Bd -> π π

Optimized

L 0  ef f .  ( % )

“ D ef a u l t”

( @  l a s t L H C C  pr es en ta tio n )

L 0  ef f .  ( % )

C h a n n el s

9 1.2  +/- 1.47 2 .0  +/- 2 .2Bd -> Κ* γ

8 5 .3 +/- 0 .88 2 .4  +/- 0 .9Bs -> J/Ψ (µµ) Φ

5 0 .6 +/- 0 .84 6.1 +/- 0 .8
Bs -> Ds Κ
Bs -> Ds π

8 1.4  +/- 1.47 7 .3 +/- 1.5Bd -> J/Ψ(µµ/ ee) Ks

( L0 thresholds as in 1/2003 b u t S P D  and v eto m u ltip lic ity  c u ts added!  )

M ax .  ef f .  ob tained 

w ith sep arate 

op tim iz ation of  eac h 

c hannel

(ef f .  c alc u lated on 

indep endent sam p le)
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L0 optimization withoutL0 optimization without
Tagging Information (II)Tagging Information (II)

2. Optimizing the trigger on the L0 efficiency …2. Optimizing the trigger on the L0 efficiency …

for a  minima l  tota l  l os s  in efficiency …for a  minima l  tota l  l os s  in efficiency …

84.9 +/- 1 .8

84.9 +/- 0 .8

47 .2  +/- 0 .8

7 9.7  +/- 1 .5

5 8.3  +/- 1 .2

“ O p t i m a l  t r i g g e r ”

L 0 e f f . ( % )

7 .66 3 .1  +/- 1 .2Bd -> π π

L o s s  i n

L 0  e f f . ( % )

M a x

L 0 e f f . ( % )
C h a n n e l s

6 .991 .2  +/- 1 .4Bd -> Κ* γ

0 .585 .3  +/- 0 .8Bs -> J/Ψ (µµ) Φ

6 .75 0 .6  +/- 0 .8
Bs -> Ds Κ
Bs -> Ds π

2 .181 .4 +/- 1 .4Bd -> J/Ψ(µµ/ ee) Ks

=======================

Optimized L0 cuts (GeV)

=======================

Hadron =  4.20

Muon =  0.60

Electron      =  3.00

Photon        =  4.20

Di-muon =  9.40

Pi0 Local     =  4.20

Pi0 Global    =  3.20

Sum Et        =  5.00

VetoSumPeak2  =  inf.

-----------------------

… trigger optimiza tion on the L0 efficiency for a  s a me l os s  in e… trigger optimiza tion on the L0 efficiency for a  s a me l os s  in ea ch grou pa ch grou p

giv es  l os s es  in efficiency ~  1 1 %     giv es  l os s es  in efficiency ~  1 1 %     -->  tota l  l os s  >  tota l  l os s  in a b ov e s cena rio …>  tota l  l os s  >  tota l  l os s  in a b ov e s cena rio …
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L0 optimization L0 optimization ––
case of case of BBdd-->K*>K*γγγγγγγγ

� each curve corresponds to considering separately

the com b ination

L 0  trigger =  sub - trigger +  N O  pile- up veto

( b ecause m ax .  ob tained w ith no veto)

- >  it show s how  m uch one could in principle    

ob tain independently f rom  each trigger

Max. efficiency obtainable inclusively by each trigger!Max. efficiency obtainable inclusively by each trigger!

=======================

Optimized L0 cuts (GeV)

=======================

Hadron        =  5.40

Muon          =  4.20

Electron      =  3.60

Photon        =  3.80

Di-muon       =  2.00

Pi0 Local     =  4.80

Pi0 Global    =  2.40

Sum Et        =  5.00

VetoSumPeak2  =  inf.

-----------------------

�� After After o p ti m i z a ti o n  o p ti m i z a ti o n  ……

(on this single channel!)(on this single channel!)

justification
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L0 optimizationL0 optimization
with Tagging Informationwith Tagging Information

�� L0 optimization using the tagging information:L0 optimization using the tagging information:

•• maximize the trigger power rather than the efficiency …maximize the trigger power rather than the efficiency …

�� T agging information av ail ab l e:T agging information av ail ab l e:

�� mu on mu on taggingtagging

�� el ectron taggingel ectron tagging

�� oppos iteoppos ite-- s id e s id e k aon k aon tagging  &   s ametagging  &   s ame-- s id es id e k aonk aon tagging ( onl y rel ev ant for Btagging ( onl y rel ev ant for B ss d ecays )d ecays )

�� “ U sage”  of tagging information in L0 optimization:“ U sage”  of tagging information in L0 optimization:

�� BB dd d ecays :d ecays :

u s e onl y oppos iteu s e onl y oppos ite-- s id e s id e k aon k aon tagging as  the tagging as  the k aon k aon tagtag

�� BB ss d ecays :  d ecays :  

�� oppos iteoppos ite-- and  s ameand  s ame-- s id e s id e k aonk aon tags  are b oth av ail ab l etags  are b oth av ail ab l e

�� how  to c omb ine the tagging information …  ?how  to c omb ine the tagging information …  ?
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�� Combination of tagging information:Combination of tagging information:

�� Marta Marta C al v i  C al v i  an d  C l ara an d  C l ara Matte u z z i ’ s  Matte u z z i ’ s  p ro p o s al ,  p ro p o s al ,  L H C bL H C b -- l i g h t m e e ti n g ,  2 5 / 3 / 2 0 0 3 :l i g h t m e e ti n g ,  2 5 / 3 / 2 0 0 3 :

� if only 1 tag in the event: take decision on that tag (sign of tag)

� if e +  µµµµ tags: chose tag fr om  the highest m om entu m  p ar ticle

- >  left w ith at m ost 3  tags …

� e +  K
OS

µµµµ +  K
OS

K
OS

+  K
SS

e +  K
SS

µµµµ +  K
SS

� µµµµ +  K
OS

+  K
SS

� e +  K
OS

+  K
SS

->  c o n s i d e r  e v e n t  a s  u n t a g g e d  i f  t h e  2  t a g s  d i s a g r e e

-> tag = sum of all tags

Tagging Information (I)Tagging Information (I)
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Tagging Information (II)Tagging Information (II)

�� Combination of tagging information Combination of tagging information –– ad ap tation to th e  L 0  op timiz ation:ad ap tation to th e  L 0  op timiz ation:

�� reason: no information on the tagging particles reason: no information on the tagging particles momenta momenta at L 0at L 0

�� algorithm:algorithm:

TagFlag =  0

I F (  n o t  a B s  )  K S S Tag =  0

I F (  ( E lTag an d  M u t ag)  < >  0  )  E lTag =  0

S u m O f Tags =  E lTag +  M u Tag +  K O S Tag +  K S S Tag

I F (  S u m O f Tags > =  1  )    TagFlag =  1

I F (  S u m O f Tags < =  - 1  )   TagFlag =  - 1

(  T a g F l a g =  0  /  1  /  - 1   f o r  u n t a g g e d  /  c o r r e c t l y  t a g g e d  /  w r o n g l y  t a g g e d  e v e n t s  )
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Tagging Information (III)Tagging Information (III)

�� General definitions:General definitions:

� wrong tag fraction

om e ga  =  ( #  wrongl y  t a gge d  e v e nt s )  /  ( #  t a gge d  e v e nt s )

�� tagging e fficie ncy

e f f =  ( #  t a gge d  e v e nt s )  /  ( #  of f l i ne  s e l e c t e d  e v e nt s )

�� tagging e ffe ctiv e  e fficie ncy

e f f _ e f f =  e f f   x  (  1  - 2  x  om e ga ) ^ 2

…  h a v e  t o b e  s l i gh t l y  m od i f i e d  f or t h e  t ri gge r op t i m i z a t i ons  ……  h a v e  t o b e  s l i gh t l y  m od i f i e d  f or t h e  t ri gge r op t i m i z a t i ons  …
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Tagging Information (IV)Tagging Information (IV)

��TaggingTagging--d e p e nd e nt  d e f init io ns  u s e d  in t h e  L 0  o p t im iz at io n:d e p e nd e nt  d e f init io ns  u s e d  in t h e  L 0  o p t im iz at io n:

�� wrong tag fractionwrong tag fraction

omega = % of triggered and tagged events wrongly tagged

= ( #  triggered &  wrongly tagged events)  /  ( #  triggered +  tagged events)

�� com b ine d  trigge r+ tag e fficie ncycom b ine d  trigge r+ tag e fficie ncy

eff_trigtag = % of selec ted events th at p ass L 0  and are tagged

= ( #  triggered &  tagged selec ted events)  /  ( #  selec ted events)

�� trigge r p owe rtrigge r p owe r

P  = eff_trigtag  x  (  1  – 2  x  omega) ^ 2

Quantity to beQuantity to be op tim iz edop tim iz ed !!
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L0 optimization L0 optimization ––
Combination of ChannelsCombination of Channels

�� Samples available in our “grouping scenario”:Samples available in our “grouping scenario”:

- ( 4 1 0 s e l . )

7 0 7  ( 1 9 5 1 s e l . )

1 0 6 3  ( 3 7 0 5 s e l . )

2 5 7  ( 7 7 3 s e l . )

4 2 5  ( 1 6 9 0 s e l . )

# off. s e l . e v e n t s  for

op t i m i z a t i on w i t h

c om b i n e d  t a g

4 8  k

5 0  k

3 3 7 . 5  k

9 9  k

4 9  k

# e v e n t s

1 . 3  + / - 0 . 53 3 7 4Bd -> π πα

( C om b i n e d )  

t a g g i n g  e ffe c t i v e  

e ffi c i e n c y  ( % )

# off. s e l . 

e v e n t s
C h a n n e l ( s )Q u a n t i t y  

m e a s u r e d

-8 1 7Bd -> Κ* γR a r e  d e c a y s

2 . 8  + / - 0 . 73 8 6 3Bs -> J/Ψ (µµ) Φ2δγ

1 . 9  + / - 0 . 47 3 6 9
Bs -> Ds Κ
Bs -> Ds π

γ

0 . 7  + / - 0 . 61 5 3 1Bd -> J/Ψ(µµ/ee) Ksβ

�� The tagging effective efficiencies have errors ~ 20The tagging effective efficiencies have errors ~ 20-- 8 0%  !8 0%  !
…   then the statistics are stil l  red u ced  w hen cal cu l ating the tr…   then the statistics are stil l  red u ced  w hen cal cu l ating the trigger p ow er …igger p ow er …

(trigger efficiency included)(trigger efficiency included)
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Statistics onStatistics on
Tagging Information (I)Tagging Information (I)

�� Details for Details for BB dd -->  >  π ππ π

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tag  |    Taggi ng Ef f i c i ency    |    Wr ong Tag Fr act i on    | ef f * ( 1- 2* omega) ^2

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MuTag |      5. 09 +/ - 0. 53 %    |     36. 05 +/ - 5. 18 %    |   0. 40 +/ - 0. 30 %

|      (    86 /  1690 )      |      (    31 /    86 )      |

El Tag |      2. 07 +/ - 0. 35 %    |     48. 57 +/ - 8. 45 %    |   0. 00 +/ - 0. 02 %

|      (    35 /  1690 )      |      (    17 /    35 )      |

KOTag |     19. 35 +/ - 0. 96 %    |     37. 61 +/ - 2. 68 %    |   1. 19 +/ - 0. 52 %

|      (   327 /  1690 )      |      (   123 /   327 )      |

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Comb.  |     25. 15 +/ - 1. 06 %    |     38. 59 +/ - 2. 36 %    |   1. 31 +/ - 0. 54 %

|      (   425 /  1690 )      |      (   164 /   425 )      |

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Then f or  t he def aul t  t r i gger  set t i ng …

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tag  |    Tr i g+Tag Ef f i ci ency   |    Wr ong Tag Fr act i on    |  Tr i gger  Power

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Comb.  |     15. 27 +/ - 0. 87 %    |     37. 98 +/ - 3. 02 %    |   0. 88 +/ - 0. 45 %

|      (   258 /  1690 )      |      (    98 /   258 )      |

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Quantity to be optimized

E f f ec tiv e ef f ic ienc y af ter

c ombination of  tag g ing  inf o.

(see above for details)
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Statistics onStatistics on
Tagging Information (II)Tagging Information (II)

�� Error on the trigger powerError on the trigger power

v ers u s  the #  of  s el ec ted  ev entsv ers u s  the #  of  s el ec ted  ev ents

�� need  ~  1 0need  ~  1 0 --2 0  k  s el ec ted  ev ents  per2 0  k  s el ec ted  ev ents  per
c ha nnel  f or a  rel a tiv e error on thec ha nnel  f or a  rel a tiv e error on the
trigger power ~  1 0 %  !trigger power ~  1 0 %  !

100 k

5 00 k

15 00 k

2 000 k

5 00 k

# events

Bd -> π π

C h a nnel ( s)

Bd -> Κ* γ

Bs -> J/Ψ (µµ) Φ

Bs -> Ds Κ
Bs -> Ds π

Bd -> J/Ψ(µµ/ee) Ks

��
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Conclusions and Final RemarksConclusions and Final Remarks

� L0 trigger is performing well

� O ptimiz a tion on trigger effic ienc ies sh ows a  rea sona b le work ing point

� I nc lu sion of ta gging in th e L0 optimiz a tion need s fu rth er sta tistic s

� I s it fea sib le to prov id e more sta tistic s for a  h a nd fu l of c h a nnels u sed  in

th e L0 optimiz a tion?

S et of spec ific  c h a nnels c a n b e d isc u ssed  a nd  a greed  u pon …


