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Descrip4on	
  of	
  hadron	
  structure	
  in	
  
terms	
  of	
  GPDs	
  

Nucleon form factors  
transverse charge & 

current densities 
Nobel prize 1961- R. Hofstadter   
 

 

Structure functions  
quark longitudinal 

momentum	
  (polarized	
  and	
  
unpolarized)	
  distribu4ons	
  

Nobel prize 1990 –J.Friedman,  
H. Kendall, R. Taylor   

 

GPDs  
correlated quark momentum 
distributions (polarized	
  and	
  
unpolarized) in transverse 

space 
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Picture	
  from	
  the	
  review:	
  Belitsky,	
  Radyushkin	
  (2005)	
  



Generalized	
  Parton	
  
Distribu4ons	
  

•  GPDs	
  are	
  func4ons	
  of	
  three	
  kinema4c	
  variables:	
  
x, ξ and	
  t	
  ,	
  

	
  	
  	
  	
  	
  	
  	
  x-­‐quark	
  momentum	
  frac4on	
  of	
  the	
  nucleon,	
  skewedness	
  ξ =xB/(2-­‐xB),	
  t=(p-­‐p’)2.	
  	
  

•  	
  There	
  are	
  4	
  	
  chiral	
  even	
  GPDs	
  where	
  partons	
  do	
  
not	
  flip	
  helicity	
  H,	
  H,	
  E,	
  E	
  

•  4	
  	
  chiral	
  odd	
  GPDs	
  flip	
  the	
  parton	
  helicity	
  	
  
	
  	
  	
  	
  	
  HT,	
  HT,	
  ET,	
  ET	
  
•  The	
  chiral-­‐odd	
  GPDs	
  are	
  difficult	
  to	
  access	
  since	
  
subprocesses	
  with	
  quark	
  helicity-­‐flip	
  are	
  
suppressed	
  

~	
  ~	
  

~	
  ~	
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Chiral-­‐odd	
  GPDs	
  

•  Very	
  liele	
  known	
  about	
  the	
  chiral-­‐odd	
  GPDs	
  
•  Anomalous	
  tensor	
  magne4c	
  moment	
  	
  

•  (Compare	
  with	
  anomalous	
  magne4c	
  moment)	
  

•  Transversity	
  distribu4on	
  

Theory of transversity

Daniël Boer

VU University Amsterdam

1h = -

Outline

• Transversity - properties

• Measuring transversity - why worth the e�ort?

• Accessing transversity

ECT* Workshop on “Hard QCD with Antiprotons at GSI FAIR”, Trento, July 18, 2007 1

Hq(x, 0, 0) = q(x)
H̃q(x, 0, 0) = �q(x)
Hq

T (x, 0, 0) = hq
1(x)

1

The	
  transversity	
  describes	
  the	
  distribu4on	
  of	
  transversely	
  polarized	
  	
  
quarks	
  in	
  a	
  transversely	
  polarized	
  nucleon	
   5	
  



Structure	
  func4ons	
  and	
  GPDs	
  

Leading	
  twist	
  σL	
  	
  	
  	
  

The	
  brackets	
  <F>	
  denote	
  the	
  convolu4on	
  
	
  of	
  the	
  elementary	
  process	
  with	
  the	
  GPD	
  F	
  
(generalized	
  form	
  factors)	
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Transversity	
  in	
  electroproduc4on	
  of	
  
pseudoscalar	
  mesons	
  

Leading	
  twist	
  pion	
  wave	
  func4on	
  
dynamically	
  suppressed	
  	
  	
  

Twist-­‐3	
  pion	
  wave	
  func4on	
  
suppressed	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  however	
  

(enhanced	
  by	
  chiral	
  condensate)	
  

M0−,++ ∝ (tmin − t)

M0−,++ ∝ const

µπ =
mπ
2

mu +md

≈ 2.5GeV

µπ /Q
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Structure	
  func4ons	
  and	
  GPDs	
  

•  t-­‐dependence	
  at	
  
t=tmin	
  is	
  determined	
  
by	
  the	
  interplay	
  
between	
  	
  

•  Direct	
  access	
  to	
  the	
  
Transversity	
  GPDs	
  

σ T

σ L

11	
  

ep→ epπ 0

HT	
  and	
  ET=2HT+ET	
  
_	
   ~	
  

Transversity	
  GPD	
  model	
  
S.	
  Goloskokov	
  and	
  	
  P.	
  Kroll	
  
S.	
  Liu4	
  and	
  G.	
  Goldstein	
  
•  	
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Transversity	
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Transverse	
  Densi4es	
  for	
  u	
  and	
  d	
  
Quarks	
  in	
  the	
  Nucleon	
  

Strong	
  distor4ons	
  	
  
for	
  unpolarized	
  
quarks	
  in	
  transversely	
  	
  
polarized	
  nucleon	
  

Strong	
  distor4ons	
  	
  
for	
  transversely	
  	
  
polarized	
  quarks	
  	
  
in	
  an	
  unpolarized	
  	
  
nucleon	
  

Described	
  by	
  E	
   Described	
  by	
  ET=2HT+ET	
  
_	
  

~	
  

Gockeler	
  et	
  al,	
  hep/lat/0612032	
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e1-­‐dvcs	
  (2005)	
  	
  

424	
  crystals,	
  18	
  	
  RL,	
  	
  
Poin4ng	
  geometry,	
  	
  
APD	
  readout	
  

CLAS	
  Lead	
  Tungstate	
  Electromagne4c	
  Calorimeter	
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4	
  Dimensional	
  Grid	
  

	
  	
  	
  	
  Rectangular	
  bins	
  are	
  used.	
  
l  Q2 	
  7	
  bins(1.-­‐4.5GeV2)	
  
l  xB 	
  7	
  bins(0.1-­‐0.58)	
  
l  t 	
  	
   	
  8	
  bins(0.09-­‐2.0GeV)	
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  parameter:	
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  dependence	
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  parameter	
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  increasing	
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  The	
  Q2	
  dependence	
  is	
  weak.	
  
Looking	
  to	
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  picture	
  we	
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  that	
  proton’s	
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  shrinks	
  	
  as	
  xà1.	
  	
  
	
  

0

0.5

1

1.5

2

2.5

3

0.1 0.2 0.3 0.4 0.5 0.6
xB

b 
[G

eV
-2
]

1.27
1.79
2.22
2.73
3.21
3.71
4.23

Q2(GeV2)

17	
  

RT = b / (1− xB )



Structure	
  Func4ons	
  
(σT + εσL	
  )	
  	
  σTT	
  	
  	
  σLT	
  	
  

18	
  

0* πγ pp→

0.10 0.15 0.20 0.25 0.30 0.38 0.48 0.58

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.6

Q
2

[G
eV

2
]

xB

-300

0

400

1 2 1 2 1 2

-300

0

400

1 2

-300

0

400

-300

0

400

1 2

-300

0

400

-300

0

400

0 0.5 1 1.5 2

500

250

0

-250

−t [GeV 2]

d
σ
/d

t
[n

b/
G

eV
2
]

σT + ϵσL

σLT

σTT

Data:	
  I.Bedlinskiy	
  et	
  al.	
  (CLAS)	
  
Phys.	
  Rev.	
  C	
  90,	
  039901	
  (2014)	
  	
  

Curves:	
  Goloskokov,	
  Kroll	
  
Transversity	
  GPD	
  model	
  



CLAS	
  data	
  and	
  GPD	
  theory	
  predic4ons	
  
Solid:	
  S.	
  Goloskokov	
  and	
  	
  P.	
  Kroll	
  
Dots:	
  	
  S.	
  Liu4	
  and	
  G.	
  Goldstein	
  
	
  	
  

•  	
  Transversity	
  	
  GPDs	
  	
  	
  HT	
  
and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  	
  	
  	
  dominate	
  in	
  CLAS	
  
kinema4cs.	
  

•  	
  The	
  model	
  was	
  op4mized	
  for	
  low	
  
xB	
  and	
  high	
  Q2.	
  The	
  correc4ons	
  t/Q2	
  
were	
  omieed.	
  	
  

•  The	
  model	
  successfully	
  describes	
  
CLAS	
  data	
  even	
  at	
  low	
  Q2	
  

•  Pseudoscalar	
  meson	
  produc4on	
  
provides	
  unique	
  possibility	
  to	
  
access	
  the	
  transversity	
  GPDs.	
  	
  

ET = 2 HT +ET

-300

-200

-100

0

100

200

300

400
Q

2
=1.15 GeV

2

xB=0.13

-300

-200

-100

0

100

200

300

400
Q

2
=1.61 GeV

2

xB=0.19

-300

-200

-100

0

100

200

300

400
Q

2
=1.74 GeV

2

xB=0.22

-300

-200

-100

0

100

200

300

400
Q

2
=2.21 GeV

2

xB=0.28

-300

-200

-100

0

100

200

300

400

0 0.2 0.4 0.6 0.8 1 1.2 1.4

-t, GeV
2

Q
2
=2.71 GeV

2

xB=0.34

-300

-200

-100

0

100

200

300

400

0 0.2 0.4 0.6 0.8 1 1.2 1.4

-t, GeV
2

Q
2
=3.22 GeV

2

xB=0.41

dσ
/d
t[
nb
/G

eV
2 ]

dσ
/d
t[
nb
/G

eV
2 ]

19	
  

CLAS	
  collabora4on.	
  I	
  Bedlinskiy	
  et	
  al.	
  
Phys.Rev.Lee.	
  109	
  (2012)	
  112001	
  



W-­‐dependence	
  of	
  the	
  total	
  cross	
  
sec4on	
  σtot(Q2,W)(γ*p)	
  

20	
  

EXCLUSIVE π 0 ELECTROPRODUCTION AT W > 2 . . . PHYSICAL REVIEW C 90, 025205 (2014)
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FIG. 16. (Color online) The t-integrated “virtual photon” cross section σT + ϵσL as a function of W for the reaction γ ∗p → p′π 0 for
Q2 = 1.34, 1.79, 2.22, 2.68, 3.21, and 3.71 GeV2. The curves are fits to a power law σU = AW/Wn, where AW and n are fit parameters.

(iv) dσT T /dt corresponds to interferences involving prod-
ucts of transverse positive and negative photon helicity
amplitudes.

Figure 19 shows a typical φπ distribution of the virtual-
photon cross sections with a fit using the form of Eq. (9).
These data are listed in Table V as well. The complete listing
of all differential cross sections for all kinematic settings are
found in Ref. [28].

TABLE VII. Parameters of W -dependent fits to the t-integrated
cross sections in Fig. 16 for different values of Q2.

Q2 AW n

1.34 5.01 ± 2.94 3.03 ± 0.56
1.79 7.82 ± 2.77 3.64 ± 0.37
2.22 11.90 ± 3.53 4.23 ± 0.33
2.68 5.76 ± 2.64 3.61 ± 0.52
3.21 2.38 ± 1.56 2.68 ± 0.80
3.71 1.30 ± 1.24 2.12 ± 1.20

Figure 20 shows the extracted structure functions for all
kinematical bins in (Q2,xB,t). The values of the structure
functions are given numerically in Table VIII. The results of a
Regge-based calculation [20] are also shown in Fig. 20.

A number of observations can be made independently
of the model predictions. The dσT T /dt structure function
is negative and |dσT T /dt | is comparable in magnitude with
the unpolarized structure function (dσT /dt + ϵdσL/dt). How-
ever, dσLT /dt is small in comparison with dσU/dt and
dσT T /dt . This reinforces the conclusion that the asymptotic
leading-order handbag approach for which dσL/dt is dominant
is not applicable at the present values of Q2.

X. COMPARISONS WITH THEORETICAL MODELS

A. Regge model

The Regge model with charge exchange and π± final-
state interactions, in addition to pole terms and elastic π0

rescattering, had been successfully applied in Refs. [31,32]
to π0 electroproduction at DESY at Q2 = 0.25, 0.50, and
0.85 GeV2. This mechanism, which is illustrated schematically

025205-15
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Flavor Decomposition of the Transversity GPDs

V. Kubarovsky1

1
Thomas Je↵erson National Accelerator Facility, Newport News, Virginia 23606

(Dated: January 20, 2015)

The pseudoscalar meson exclusive electroproduction of proton can be described by 9 structure functions:
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Four structure functions (�T , �L, �TT , �LT ) describe unpolarized cross section and five structure functions
describe the scattering of the polarized electrons on polarized target. Reference [1, 2] obtains the following
relations for unpolarized structure functions:
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Here m is the mass of the proton, t0 = t � tmin, where |tmin| is the minimum value of |t| corresponding to
✓⇡ = 0 and 0(Q2, xB) is a phase space factor
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This factor is almost independent on Q2 in our kinematics (W > 2 GeV, 0.1< xB <0.6) at fixed xB . The
brackets hHT i and hĒT i denote the convolution of the elementary process with the GPDs HT and ĒT . We
call them generalized formfactors.

The polarized structure functions are connected with the GPD formfactors as follows:
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Note that �LT 0 and �LT relate to imaginary and real parts of the same combination of GPDs.
Looking to the Eqs. 3,5 and 9 we can conclude that

d�T
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LL

dt
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(11)

In both calculations [1, 2] the contribution of d�L/dt accounts for only a small fraction (typically less than
a few percent) of the unseparated structure functions d�T /dt + ✏d�L/dt in the kinematic regime under

investigation. This is because the contributions from H̃ and Ẽ, the GPDs which are responsible for the
leading-twist structure function �L, are very small compared with the contributions from ĒT and HT , which
contribute to d�T /dt and d�TT /dt. In addition, the transverse cross sections are strongly enhanced by the
chiral condensate through the parameter µP .

The GPD ĒT describes the spatial density of transversely polarized quarks in an unpolarized nucleon [3, 4].
The structure function �const

LL is connected with the double-spin asymmetry Acons
LL .
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Helicity-flip (or transversity) GPDs contribute to the ⇡0 and ⌘ electroproduction only in combination with
a twist-3 pion wave function. This process is parametrically suppressed by a factor µP /Q with respect to
the asymptotically leading amplitudes for longitudinally polarized photons. The parameter µP is large for
⇡0 and ⌘. For ⇡0 µ⇡ reads:

µ⇡0 =
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mu +md
, (13)

where m0

⇡ is the meson mass, mu = 2.3 MeV and md = 4.8 MeV are the valence current-quarks masses.
For ⌘-meson the situation is more complicated. For octet case
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mu +md + 4ms
. (14)

ms = 95 MeV is the s-quark mass. The flavor-singlet ⌘
1

is not related to the chiral condensate. In this case
µ⌘1 is just the mass of ⌘0. Numerically we have
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•  Constant	
  term	
  of	
  the	
  double-­‐spin	
  asymmetries	
  may	
  be	
  es4mated	
  
from	
  unpolarized	
  data	
  

•  Compare	
  with	
  the	
  asymmetry	
  extracted	
  from	
  polarized	
  data	
  (A.Kim)	
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•  Asymmetry	
  from	
  the	
  unpolarized	
  data	
  

•  Asymmetry	
  from	
  polarized	
  data	
  

•  Theore4cal	
  predic4ons	
  (GK)	
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contribute to d�T /dt and d�TT /dt. In addition, the transverse cross sections are strongly enhanced by the
chiral condensate through the parameter µP .
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Comparison	
  π0/η	
  
preliminary	
  

•  σU=σT+εσL	
  drops	
  by	
  a	
  factor	
  of	
  2.5	
  for	
  η
•  σTT	
  drops	
  by	
  a	
  factor	
  of	
  10	
  
•  The	
  GK	
  GPD	
  model	
  (curves)	
  	
  follows	
  the	
  experimental	
  data	
  
•  The	
  statement	
  about	
  the	
  transversity	
  GPD	
  dominance	
  in	
  the	
  pseudoscalar	
  

electroproduc4on	
  becomes	
  more	
  solid	
  with	
  the	
  inclusion	
  of	
  η	
  data	
  

π0	
   η	
  

σu	
  

σTT	
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η/π0	
  ra4o	
   σ (ep→ epη)
σ (ep→ epπ 0 )

•  The	
  dependence	
  on	
  xB	
  and	
  
	
  	
  	
  	
  	
  	
  Q2	
  is	
  very	
  weak.	
  	
  
•  Chiral	
  odd	
  GPD	
  models	
  predict	
  this	
  ra4o	
  

to	
  be	
  	
  	
  ~1/3	
  at	
  CLAS	
  kinema4cs	
  
•  Chiral	
  even	
  GPD	
  models	
  predict	
  this	
  

ra4o	
  to	
  be	
  around	
  1	
  (at	
  low	
  –t).	
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Structure	
  func4ons	
  and	
  GFFs	
  

The	
  brackets	
  <F>	
  denote	
  the	
  
convolu4on	
  of	
  the	
  elementary	
  
process	
  with	
  the	
  GPD	
  F	
  	
  
(Generalized	
  form	
  factors	
  GFFs)	
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•  CLAS	
  did	
  not	
  separate	
  σT	
  and	
  σL	
  
•  However	
  in	
  the	
  approxima7on	
  of	
  the	
  transversity	
  GPDs	
  

dominance,	
  that	
  is	
  supported	
  by	
  CLAS	
  data,	
  σL<<σT	
  we	
  
have	
  direct	
  access	
  to	
  the	
  generalized	
  form	
  factors	
  	
  for	
  π 
and	
  η produc4on.	
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Transversity	
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•  ET	
  	
  >	
  HT	
  for	
  π0	
  and	
  η
•  t-­‐dependence	
  is	
  steeper	
  

for	
  ET	
  than	
  for	
  HT	
  
•  Es4ma4on	
  of	
  the	
  

systema4c	
  uncertain4es	
  
connected	
  with	
  the	
  used	
  
approxima4on	
  is	
  	
  in	
  
progress	
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•  GPDs	
  appear	
  in	
  different	
  flavor	
  
combina4ons	
  for	
  π0	
  and	
  η

•  The	
  combined	
  π0	
  and	
  η	
  data	
  permit	
  
the	
  flavor	
  (u	
  and	
  d)	
  decomposi4on	
  
for	
  GPDs	
  HT	
  and	
  ET	
  

•  The	
  u/d	
  decomposi4on	
  was	
  done	
  
under	
  simple	
  assump4on	
  that	
  the	
  
rela4ve	
  phase	
  between	
  u	
  and	
  d	
  is	
  0	
  
or	
  180	
  degrees.	
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1

|hHT i|
��hĒT i
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hĒT i⇤

✓
hH̃i � ⇠2

1� ⇠2
hẼi
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Note that �LT 0 and �LT relate to imaginary and real parts of the same combination of GPDs.
Looking to the Eqs. 3,5 and 9 we can conclude that

d�T

dt
=

d�const
LL

dt
� d�TT

dt
(11)

In both calculations [1, 2] the contribution of d�L/dt accounts for only a small fraction (typically less than
a few percent) of the unseparated structure functions d�T /dt + ✏d�L/dt in the kinematic regime under

investigation. This is because the contributions from H̃ and Ẽ, the GPDs which are responsible for the
leading-twist structure function �L, are very small compared with the contributions from ĒT and HT , which
contribute to d�T /dt and d�TT /dt. In addition, the transverse cross sections are strongly enhanced by the
chiral condensate through the parameter µP .

The GPD ĒT describes the spatial density of transversely polarized quarks in an unpolarized nucleon [3, 4].
The structure function �const

LL is connected with the double-spin asymmetry Acons
LL .

Aconst
LL = 1 +

d�TT /dt

d�T /dt
(12)

Helicity-flip (or transversity) GPDs contribute to the ⇡0 and ⌘ electroproduction only in combination with
a twist-3 pion wave function. This process is parametrically suppressed by a factor µP /Q with respect to
the asymptotically leading amplitudes for longitudinally polarized photons. The parameter µP is large for
⇡0 and ⌘. For ⇡0 µ⇡ reads:

µ⇡0 =
m2

⇡0

mu +md
, (13)

where m0

⇡ is the meson mass, mu = 2.3 MeV and md = 4.8 MeV are the valence current-quarks masses.
For ⌘-meson the situation is more complicated. For octet case

µ⌘8 =
3m2

⌘8

mu +md + 4ms
. (14)

ms = 95 MeV is the s-quark mass. The flavor-singlet ⌘
1

is not related to the chiral condensate. In this case
µ⌘1 is just the mass of ⌘0. Numerically we have

Particle Mass, GeV µ
P

, GeV µ2
P

, GeV 2

⇡0 0.135 2.57 6.6
⌘8 0.547 2.32 5.4
⌘1 0.958 0.958 0.92

In the flavor octet-singlet approach we have
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The mixing angles are
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So for ⌘ and ⌘0 mesons we have
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So in the first approximation ⌘-meson belongs mostly to the octet. It is important to note that the octet
and singlet wave functions are very similar and decay constants are close as well
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In electroproduction the GPDs appears in the following combinations
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For ⇡0 and ⌘-mesons the GPDs contribute in the quark combinations F a
i � F ā

i for q and q̄. If we assume
that for the strange quarks F s

i ' F s̄
i . Hence there is no contribution from the strange quarks and we can

simplify the equations.
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If we assume that ⌘ is mostly composed of ⌘
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we will end up with very simple equations
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We have to tale into account decay constants f⇡ and f⌘, and chiral condensate constants µ⇡0 and µ⌘,
contribution from singlet and octet ⌘ states for flavor decomposition.
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The overall factor for ⌘ meson is
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i = uū+ dd̄� 2ss̄p
6

|⌘
1
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Note that �LT 0 and �LT relate to imaginary and real parts of the same combination of GPDs.
Looking to the Eqs. 3,5 and 9 we can conclude that

d�T

dt
=

d�const
LL

dt
� d�TT

dt
(11)

In both calculations [1, 2] the contribution of d�L/dt accounts for only a small fraction (typically less than
a few percent) of the unseparated structure functions d�T /dt + ✏d�L/dt in the kinematic regime under

investigation. This is because the contributions from H̃ and Ẽ, the GPDs which are responsible for the
leading-twist structure function �L, are very small compared with the contributions from ĒT and HT , which
contribute to d�T /dt and d�TT /dt. In addition, the transverse cross sections are strongly enhanced by the
chiral condensate through the parameter µP .

The GPD ĒT describes the spatial density of transversely polarized quarks in an unpolarized nucleon [3, 4].
The structure function �const

LL is connected with the double-spin asymmetry Acons
LL .

Aconst
LL = 1 +

d�TT /dt

d�T /dt
(12)

Helicity-flip (or transversity) GPDs contribute to the ⇡0 and ⌘ electroproduction only in combination with
a twist-3 pion wave function. This process is parametrically suppressed by a factor µP /Q with respect to
the asymptotically leading amplitudes for longitudinally polarized photons. The parameter µP is large for
⇡0 and ⌘. For ⇡0 µ⇡ reads:

µ⇡0 =
m2

⇡0

mu +md
, (13)

where m0

⇡ is the meson mass, mu = 2.3 MeV and md = 4.8 MeV are the valence current-quarks masses.
For ⌘-meson the situation is more complicated. For octet case

µ⌘8 =
3m2

⌘8

mu +md + 4ms
. (14)

ms = 95 MeV is the s-quark mass. The flavor-singlet ⌘
1

is not related to the chiral condensate. In this case
µ⌘1 is just the mass of ⌘0. Numerically we have

Particle Mass, GeV µ
P

, GeV µ2
P

, GeV 2

⇡0 0.135 2.57 6.6
⌘8 0.547 2.32 5.4
⌘1 0.958 0.958 0.92

In the flavor octet-singlet approach we have

|⌘i = cos ✓
8

|⌘
8

i � sin ✓
1

|⌘
1

i
|⌘0i = sin ✓

8

|⌘
8

i+ cos✓
1

|⌘
1

i,
(15)

where

|⌘
8

i = uū+ dd̄� 2ss̄p
6

|⌘
1

i = uū+ dd̄+ ss̄p
6

.

(16)

The mixing angles are

✓
8

= �21.2o

✓
1

= �9.2o.
(17)
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•  High	
  luminosity	
  
•  Large	
  acceptance	
  
•  Wide	
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  precision	
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•  CLAS π0 and η data support the dominance of the 

transversity GPDs in the processes of the pseudoscalar 
meson electroproduction 

•  The generalized form factors <HT> and  <ET> are directly 
connected to the structure functions σT and σTT within 
handbag approach 

•  Exclusive electroproduction of π0 and η mesons allows to 
extract generalized form factors <HT>π,η and  <ET>π,η  

•  The combined π0 and η data will provide the way for  the 
flavor decomposition of the transversity GPDs 

•  CLAS12	
  will	
  con4nue	
  the	
  GPD	
  study	
  with	
  broader	
  kinema4cs	
  and	
  
higher	
  sta4s4cs.	
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  of	
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•  The	
  comparison	
  shows	
  

that	
  the	
  approxima4on	
  is	
  
reasonable	
  


