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Outline

Analysis overview
C h ang es sinc e p reb lessing :

K-f a c t o r
B u g  i n  a p p l y i n g  m e t  c o r r e c t i o n  i n  e  c h a n n e l
B u g ( s )  i n  p h o t o n  I D  e f f i c i e n c y  f r o m  c o n v e r s i o n s

R eq u est s at  p reb lessing :
Z  y i e l d s  v e r s u s  t i m e :  w i t h  c o r r e c t  e r r o r s
Z  m a s s  v e r s u s  t i m e :  w i t h  i m p r o v e d  b i n n i n g
F a k e  r a t e :  c o m p a r e  p r e d i c t i o n  a n d  o b s e r v a t i o n  f o r  j e t 2 0 ,  
j e t 5 0 ,  j e t 7 0  a n d  j e t 1 0 0
S y s t e m a t i c  s t u d i e s  o n  f a k e  r a t e

R esu lt s 
See also
http://www-cdf.fnal.gov/internal/people/links/BeateHeinemann/WgammaBlessing.html
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Analysis Overview/Reminder

W/Z selection
Incl. selection based on incl. analyses
V er if y incl. cr oss sections and yield v er su s tim e

P h oton selection
F ollow  p h oton g r ou p  adv ice
E f f iciency m easu r ed in Z ->ee,  conv er sions and r andom  cones

B a ck g r ou nd  
M aj or  issu e:  leading  p i0  f aking  p h oton

S ig na l a ccep ta nce a nd  S M  ex p ecta tion
U se U . B au r ’s W G A M M A  and Z G A M M A  L O  M C  and ap p ly k-
f actor

C r oss section f or  E t( �)> 7  G eV a nd  D R ( l�) > 0 . 7
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K-factor

Found mistake in calculation 
of  k-f actor
H ad calculated r atio of  

NLO cross section with NLO 
p d f to 
LO cross section with NLO 
p d f

T h at’s w r ong :  ar e now  
calculating  r atio of

NLO cross section with NLO 
p d f ( C T E Q 5 M )
LO cross section with LO p d f
( C T E Q 5 L)

A f f ects b oth  W g amma and 
Z g amma
V er if ied b y  th eor ists:  U .  
B aur ,  J .  S tir ling and A .  S ig ner

Wgamma

Incl. W: J. Stirling
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K-factor

Zgamma

NEW

OLD
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Bug in Met correction

Correcting M E t,  th e id ea :
Exclude electrons, m uons a nd p h otons f rom  j et li st
C orrect f or a ll rem a i ni ng  j ets

B u g:  a ccid enta l l y  not ex cl u d ed  th e p h oton f rom  j et l is t 
in el ectron a na l y s is
E f f ect:  get 5  ( 1 2 5 -> 1 2 9 )  m ore ev ents  ob s erv ed  a nd  1  
( 1 1 8 . 4 6 -> 1 1 9 . 5 4  )  m ore ex p ected
Z ga m m a a nd  W ga m m a m u on ch a nnel s  not a f f ected
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0.99 ±0.010.99 ±0.0050.98  ±0.0240.995  ±0.012nd C E S  w i r e  E

0.995 ±0.0050.99 ±0.006-1.0 ±0.003Trk Iso

f(Et) ±0.011.0 ±0.007-f(Et)Cal Iso

0.99 ±0.010.98 ±0.007-1.0 ±0.003N3D

1 .0 ±0.005
0.98  ±0.05

Z -> ee

1 .0±0.03 1
1 .0 ±0.025

Conversion

0.995  ±0.005
0.99 ±0.01

Applied

0.995 ±0.012nd C E S  s t r i p  E
-CES χ2

Random ConeCut

“Old” vs New Final Photon ID eff

0.99 ±0.0050.99 ±0.0040.99 ±0.010.995  ±0.012nd C E S  w i r e  E

0.995 ±0.0050.99 ±0.01-1.0 ±0.003Trk Iso

f(Et) ±0.011.01 ±0.01-f(Et)Cal Iso

0.99 ±0.010.98 ±0.01-1.0 ±0.003N3D

1 .0 ±0.003
0.98  ±0.004

Z -> ee

1 .01 ±0.02
1 .01  ±0.01

Conversion

1 .0 ±0.01
0.99 ±0.01 5

Applied

0.995 ±0.012nd C E S  s t r i p  E
-CES χ2

Random ConeCut

OLD

NEW

No changes outside syst. errors
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Z yield versus time

Found bug in statistical error calculation:  f ix ed
O bserv ations:

CMUP: dip at 20 (see in W too)
CMX : f l at
CC: f l at
CP: w ig g l y : S il ic on u sed…u nstab l e?

Fit w ith  f lat line ( p ol0 ) :
CMUP: c h i2/ ndf = 4 1 . 7 / 3 5  � P= 20%
CMX : c h i2/ ndf = 1 7 . 1 / 3 1 � P= 9 7 . 8 %
CC: c h i2/ ndf = 3 2. 3 / 3 5  � P= 5 9 . 9 %
CP: c h i2/ ndf = 4 8 . 2/ 3 3  � 4 . 3 %

E ric,  L ucio,  V ictoria consulted on C M U P  dip :  no k now n p roblem
E f f iciency  m easured f rom  data and incl.  W  and Z  cross sections ok ay
W e believ e it’s ok ay  but w ill try  to understand C M U P  issue
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Z mass versus time

One dodgy bin in CP Z: 
reason unclear as yet: investigating… (lum i only 0 . 3 / p b )
B ut 3 %  in one ch annel negligib le overall

E l s e s t a bl e w it h in 1 %  a nd c h ec k ed t h a t  a v er a ge 
ok a y/ a gr ees  w it h  M C
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Photon Fake Rate: Jet fragmentation into leading pi0

Use i n c l j et  d a t a  t o  est i m a t e p r o b a b i l i t y  o f  j et  f a k i n g  
i so l a t ed  p h o t o n ,  i . e.  p h o t o n  g en er a t ed  i n  h a d r o n i sa t i o n
p r o c ess
I m p o r t a n t :  

estimate fraction of prompt photons, i.e. photons generated in 
hard scatter
T ransl ate j et E t into photon E t
F raction of gl u ons in j et data simil ar to W + j et data

S y st em a t i c  st u d i es f o l l o w i n g :
C ompare 2 nd to 3 4 5 t h j et ( 2 nd j et is b iased)
A ppl y  fak e rate to j et data and compare to ob serv ed spectru m
C hange j et E t ->  photon E t transl ation
C heck  gl u on fraction
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Fake Rate

Use combined fake rate from all samples and apply to 
th e indiv idu al j et trig g ers ( j et2 0 ,  j et5 0 ,  j et7 0  and 
j et1 0 0 )
P rediction inclu des:

Fake rate per jet
T ran s l ate jet en erg y  i n to  ph o to n  en erg y

O bserv ation inclu des:
T ru e ph o to n s  are s u b trac ted  u s i n g  C E S  ( C P R )  m eth o d  f o r 
E t< ( > )  3 5  G eV
E l s e ju s t f u l l  ph o to n  c u ts  an d  u s e ph o to n  en erg y

C ompare prediction to observ ation v ersu s E t
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Fake Rate: jet20
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Fake rate: jet50
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Fake Rate: jet70
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Fake Rate: jet100
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Jet Et � Photon Et

Calorimeter response difference between generic jets and leading π0 jets
Taken into account implicitly by fake rate
B ut als o emulates  d ifference in j et E t s pectrum

1 0 %  sh ift in E T resu lts in 3 0 %  ch ange in fak e rate-> 3 0 %  s ys tematic error on fake rate
P robably ov eres timate � w ill improv e for publication
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Jet Et -> Photon Et

Change by +-1 0 %  i n E t  r es u l t s  i n +-3 0 %  i n f ak e r at e

Et(�)= 0 . 9 4 * Et(j e t)

Changed between 
0.84…1.04

Gaussian smearing
Changed from +-5% 
to +-10%
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Gluon versus Quark

Fake rate 10 times large for quark than for gluon jets 
in M C
I mp ortant that gluon frac tion same in jet and  W + jet
samp les:

Pythia M C  s ays :  6 6 %  in  W + j e ts ,  7 0 %  in  j e ts
A  10%  unc ertainty  on gluon fac tion results in 13 %  error 
in fake rate
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Fake Rate: conclusion

Checks on jet20, jet50, jet70 and jet100 samples work 
wi thi n sy stemati c error q u oted:  

powerful x-c h ec k !
S ev eral sy stemati c check show no dev i ati ons larg er 
than q u oted error
E rror domi nated b y  

j et  E t  ->  ph ot on  E t  t ra n s la t i on  a t  low E t < 2 0  G eV
P rom pt  ph ot on  fra c t i on  a t  E t > 2 0  G eV

N eed b etter u nderstandi ng  f or pu b li cati on to redu ce 
error:

R em ov e fra g m en t a t i on  un c ert a i n t y  b y  us i n g  em O b j ec t a s  
d en om i n a t or?  
T es t  on  m ore s a m ples ?
U s e on ly  3 4 5 th j et ?  I n c lud e S t 5  a n d  M i n B i a s d a t a ?
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Results with 200 /pb
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W+γ: muon channels

35
4 5. 56 +-0 . 9 1  +-2 . 9 7
0 . 8 6 +-0 . 1 4 +-0 . 0 5
5. 6 2 +-0 . 1 9 +-0 . 33
7 . 55+-0 . 0 +-2 . 2 8

31 . 54 +-0 . 8 7 +-1 . 8 7  
C M X

9 3
9 0 . 52 +-1 . 2 0  +-5. 7 0  
1 . 4 4 +-0 . 1 7 +-0 . 0 9
1 1 . 7 2 +-0 . 2 6 +-0 . 7 0
1 3. . 9 0 +-0 . 0 +-4 . 2 0
6 3. 4 6 +-1 . 1 7 +-3. 7 9  

C M U P

Z +g

d a t a
T o t a l  S M  
W +g (t a u )

Z +j e t B G
Z +g M C  

CMUP: sigma*BR=20.1+-2.9(stat)+-1.8(sys)+-1.2(lumi) pb
CMX:    sigma*BR=12.8+-3.6(stat)+-1.7(sys)+-0.8(lumi) pb

N. Tanimoto

SM: 19.3+-1.4 pb
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Wγ Plots: muon channel
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W+γ: electron channel

131
119 . 5 4 + -1. 5 1+ -9 . 5 7
0 . 9 3+ -0 . 15 + -0 . 0 5
5 . 0 3+ -0 . 19 + -0 . 2 6
2 8 . 0 7 + -0 . 0 + -8 . 4 8
8 5 . 5 1+ -1. 4 9 + -4 . 4 5

C e n t r a l  (19 8 . 3/ p b )

Z + γ

d a t a
T o t a l  S M  
W + γ (t a u )

W + j e t B G
W + γ M C  

Central: sigma*BR=21.9+-2.6(stat)+-2.2(sys)+-1.3(lumi) pb

M. Kirby

SM: 19.3+-1.4 pb
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Wγ Plots: electron channel
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W+γ: central electron+muon channels

259
255. 6 3 + -2. 1 3 + -26 . 4 3

3 . 23 + -0 . 24 + -0 . 1 7
22. 3 7 + -0 . 3 8 + -1 . 20
4 9. 52+ -0 . 1 0 + -1 4 . 95
1 8 0 . 51 + -2. 0 8 + -1 1 . 2
N e x p (L = 1 98 . 3 / p b )

Z + γ

d a t a
T o t a l  S M  
W + γ (t a u )

W + j e t B G
W + γ M C  

Central: sigma*BR=19.7+-1.7(stat)+-2.0+-1.2 pb

SM: 19.3+-1.3 pb
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Wγ Plots: central e+mu channel
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Z+g channels

11
13 . 10 + -0 . 9 1
0 . 0 3 4 + -0 . 14
1. 10 + -0 . 3 3
11. 9 7 + -0 . 8 3

C P  e  

2 3
2 1. 6 1+ -1. 2 0  
0 . 2 3 + -0 . 12
1. 4 4 + -0 . 4 3
19 . 9 5 + -1. 11 

C C  e ��������

< < 0 . 1F a k e  Z + g

3 5d a t a
3 5 . 7 4 + -1. 9 2T o t a l  S M  

1. 9 0 + -0 . 5 7Z + j e t B G
3 3 . 8 4 + -1. 8 4Z + g M C  

CC: sigma*BR=5.8+-1.2(stat)+-0.3(sys)+-0.3(lumi) pb
CP: sigma*BR=4.5+-1.3(stat)+-0.4(sys)+-0.3(lumi) pb
MM: sigma*BR=5.3+-0.9(stat)+-0.3(sys)+-0.3(lumi) pb

H. Hayward

SM: 5.4+-0.4 pb
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Z+γ combined

69
7 0 . 4 6+ -4 . 0 0  
0 . 2 6+ -0 . 2 0
4 . 4 4 + -1 . 3 3

65 . 7 6+ -3 . 7 6 
C o m b i n e d  e  a n d  ����

F a k e  Z + g

d a t a
T o t a l  S M  

Z + j e t B G
Z + g M C  

sigma*BR=5.3+-0.6(stat)+-0.3(sys)+-0.3(lumi) pb

H. Hayward

SM: 5.4+-0.4 pb
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Z+γ kinematics: all channels combined
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3-body versus 2-body masses

WGamma ZGamma
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Conclusion and Outlook

Conclusions 
K-f a c t o r  m i s t a k e  f i x e d
B u g  i n  M e t  c o r r e c t i o n s  f i x e d
F a k e  r a t e  c h e c k s  a c c o m p l i s h e d  b u t  
i m p r o v e m e n t s  a n d  m o r e  r i g o r o u s  
s y s t .  E r r o r  n e c e s s a r y
F i n a l  r e s u l t s  i n  g o o d  a g r e e m e n t  
w i t h  S M

O ut look
P l u g  W + c e n t r a l p h o t o n  ( c l o s e )
R a d i a t i o n  A m p l i t u d e  Z e r o
T r i l i n e a r C o u p l i n g  a n a l y s e s
P u b l i s h !   

0 1 2 3 4 5 6 70 1 2 3 4 5 6 7

1

10

10
2

Photon Et bin

delta-kappa
-3 -2 -1 0 1 2 3

la
m

b
d

a

-3

-2

-1

0

1

2

3

0

0.5

1

1.5

2

2.5

3

likelihood
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Backup Slides
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Z->ll Cross-Section 

Z(CC): σ = 2 4 8  �4 (s t a t ) �9 (s y s ) �1 5 (l u m )
Z(CP ): σ = 2 4 5  �4 (s t a t ) �9 (s y s ) �1 5 (l u m )
Z(CM U P ): σ = 2 6 3  �4 (s t a t ) �1 1 (s y s ) �1 6 (l u m )
Z(CM X ): σ = 2 5 3  �5 (s t a t ) �1 1 (s y s ) �1 5 (l u m )

SM prediction: σ σ σ σ = 2 5 2 . 9  ( N N L O )
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Inclusive σ(W)

Using same version of MC 
mat erial  as W γ MC
S ame MC I D  eff
c orrec t ions and  t rigger 
effic ienc ies

σ =
Ncand − Nbkg

Α *effMC * Z0data * L∫

NNLO Theory 2.73 nb
W . J a m es  S t i rl i ng et .a l .

C ent ra l  el ec t ron
σ ( W )  =  2.75   nb
�0.01 stat �0.07  sy st �0.18  l u m

4 .5 %  B G
C M U P  m u on

σ ( W )  =  2.77 nb 
�0.01 stat �0.07  sy st �0.18  l u m

9 .4 3%  B G
C M X  m u on

σ ( W )  =  2.78  nb
�0.01 stat �0.07  sy st �0.18  l u m

9 .21 %  B G
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Run dependence of yield: W’s

central e
152616
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NLO corrections

Use U. B a u r ’s N L O  w g a m &  z g a m p r o g r a m s t o  d et er m i n e E T
γ

d ep en d en t  c o r r ec t i o n
hep-ph/ 9 3 0 5 3 1 4

N L O  w g a m &  z g a m d o  n o t  i n c l u d e i n n er  b r em
C o r r ec t  i n n er  b r em t er m s w i t h  N L O  i n c l u si v e W  &  Z  
c o r r ec t i o n  ( 1 .3 6 )

S t i r l i n g ,  et .  a l .  f r o m  C D F  n o t e 6 6 8 1
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NLO corrections

Parton l e v e l  c u t on I nv ari ant M as s  of  d e c ay  l e p tons  to c u t on p roc e s s
Wg M C

> 76 GeV/c2 a p p l y  k ( E t )
<  76 GeV/c2 a p p l y  1 . 3 6

Z g M C
> 8 5  GeV/c2 a p p l y  k ( E t )
<  8 5  GeV/c2 a p p l y  1 . 3 6

S e p arate  c orre c ti ons  f or W γ and  Zγ
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Minv(l,ν)
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Z mass peaks
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Fake Rate Methodology

The raw fake rate is the fraction of jets which p ass the p hoton criterion

H owev er the sam p l e is contam inated  b y  real  p hotons

Must remove this fraction:

PRAW =
Nγ

obs

N jet
=

(Nγ
true + Nγ

fake )

N jet

FQCD =
Nγ

fake

Nγ
obs =

Nγ
fake

Nγ
fake + Nγ

true =1− Fγ

Ptrue = FQCD × Praw
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Comparison of Methods
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Final Fake Rate
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Jet Et spectrum: W+jet versus jet triggers

•E t  s p e c t r u m  s i m i l a r  i n  J e t  t r i g g e r s  a n d  W + j e t s
•D i f f e r e n c e  d u e  t o  t r i g g e r  b i a s  f o r  2 nd j e t
•3 r d j e t  u n b i a s e d  a n d  d o m i n a t e s  a t  l o w  E t
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Photon Fake Rate: Details
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Photon Fake Rate

Systematic Error: 30-8 0%
2nd an d  34 5 t h j ets ag ree
P roced u re v erif ied  in  M C : 
comp are rate of  isol ated  p i0’s 
at H EP G  l ev el  to ob serv ed  
rate

H. Hayward


