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A Motivation

General Observations

» Heavy lon Collisions requires understanding
particle distributions in
coordinate and momentum space

i
B

» The complexity of these collisions forces us to
employ all tools at our disposal:
O Coalescence
O Reactionrates~n; n,s,,V,,
a Like-particle correlations
O Unlike particle correlations

» ~All such techniques measure the distribution of
the final strong interaction of the various species
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Some Abbreviations

o GGLP
» Goldhaber, Goldhaber, Lee and Pais (1960)
» First application of “intensity interferometry”
In particle physics
e HBT
» Hanbury-Brown and Twiss (1950’s)

» Revolutionary development of intensity
Interferometry in astronomy

e B-E

» Bose-Einstein (1920’s)

» Role of Bose statistics in fluctuations
o G

» General
» Rating of this talk

o Thatis, a broad overview for non-specialists
o No attempt at total coverage of the field
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An Invocation

e There is a connection (not even an analogy)
between stellar HBT measurements and “HBT”
In heavy ion collisions:

Distant Star )1
g /

Nuclear Collision

B

e In particular, the geometry of a collision is not a
scale model of imaging a star

2.5

‘l‘ >ZIEIASNOM"‘Y1 Difference in arrival time —m-

2 Inversely proportional
to size of star
b
Relafive |
PI’ObCIbI'Ii'Y 1 Inversely proportional
! to size of collision
ﬂ 0.5 region
~3 ] oLl

Nuclear Physics: Difference in momentum——»
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An Inspiration

e The usual “derivation” is really more

Inspiration:

Agy = —_[eimr(m=2)givr(ra=w) | eim(ri—w)giv-(ra—2)]

s0 that

P12 = fd4=13 dy | Az’ p(2)p(y) = 1+ |5(g)|* = Ca(g)

e Neglects
» Momentum dependence of source
» Quantum mechanics up to x and y
» Final State Interactions after x and y

e Nonetheless
» C2(q) contains shape information
» True component-by-componentin g
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Two Clarifications

e Note the followmg property of F.T.’s:

for Ay = _[E:'Pl {1"1—2}81112 (r2—y) + et {r1— y}elpz {rz—m}]

so that

Pra = [ d'z.dy | Al o(@)p(y) = 1.+ 16(0)° = Ca(g)
we have : |A,|2=1+ cos(p;-p,) (X-Y)

» That is, squared Fourier Transforms
measure (only) relative separatlons of
source coordinates

» Very different sourcesr (x)
can give very similar
distributions in
relative separation ——»

1':'

[ESSFTE

¥
~i4 |

3 ] )
AL =
D

L LLIER B TR

o Gour R
e Fermions of course require o I gL
anti-symmetrization of total wave- functlon :

Y |2:§|j L2+ @D +§|j L(12)-] @D
(Singlet) (Triplet )

e But note spatial wave-functions must be
strong + (sometimes) Coulomb waves
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A Qualification

e Nalively:

Co(q)=1+[r (@, r(a)° ¢ (x)e™ d'x
qo P, - By :(El' Ez ,fh' pz)o (CIo ,Q)
P gxx=(q,t-qgx)
Fourier Transform provides one time
and three space extensions of source
BUT:

E 2 E22

- 2 - 2
— B _ P - B
q,° E,- E, =— =
’ ' i E1+E2 E1+E2

— (A — p1+p2 ~ X7
=(P, - Py) % °qxN/
1 2 E1+E2 PAIR

e Thatis, q,is not an independent

quantity in the F.T.
(e.g., note that 0, < |G| )

Fourier Transform has support in only
half of the g,-g plane (??)

13-Jan-02



A Revelation

e Inspired ansatz by Koonin for treatment

of pp correlations (Phys. Lett. 70B, 43, 1977)

> Correctly anticipates role of
o Pair-velocity
0 Wave-packets

=it (IO/ m)(t,-t,)

rltlﬁp---- ﬁ/J
r'yr)

TimeEvolution of
two-particle
wavefunction

]

r,, tzﬂ

For t> > t; case:

l_l

dn(1-2) +00 +00 o L L
ardE, i, dts [ dty [ dFidiD(Fity, 5)D(Fata, ) |55, (P, 72)
where

Fir =71+ Z(ta — tq)
and

D(#t,p) is space-time distribution of final scatterings that produces
a particle of momentum 5.

and ¥ 5,(71,72) is the two-particle wave-function.

13. (Considering ¢; < 1, case simply extends time integrals to all times.)



A re-formulation

e Return to “naive” formulation in terms of
Fourier transform:

C,(@=1+[r(a)]*.r(g)° ¢y (x)e* d*x
Go =W pur

P gxXx=(q¥gt-0X)=- q’( Veart)
P r(q)=r (q;VPAIR) - d (x)e” Vo) 4 x

e So Fourier transform (+ two-particle
kinematics) already provides conclusion:

C,(@)=1+|r(q)|> =C,(q; Veur) U <(F - Vpurt)” >

e Additional dynamic effects (expansion,
thermal source, ...) will also lead to
systematic dependence of extracted
“radil” on Vp, g (Or myor kyor ...)
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Beam
AXIS| (g ¢D

e There are other decompositions...

e Note vector components applicable
only to plane waves, e.qg.,
> pp
> KK

e pp Dominated by s-wave final state
Interaction

» Function of |qg| only
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e Simplest possible (yet still very useful) case:

_ 1, x>  y* 7 t?
r(r,t) ~exp[- = + + +
(r,t) ~expl 2(RXZ R? R t2)]

_ - 1 2 2 2 2 2 2 = X7/ 24 2
r(q;VpAlR)=exp[-5(qx R, +0,"R,"+0,"R,” +(q ¥/ p,z)t )])]
e Choose frame so that

e x="0ut” (thatis, parallel to Vp,)
e y="“Side”
e z="LONQ":

Beam
AXiS &

0
o
qLONG_é Source

(qszx2 +qy2Ry2 -I_qzsz2 +(q VPAIR)Zt 2)
= qSIDE 2|:QS|DE i +qLONGZRLONG2 +qOUT 2I:QOUT i \Nlth I:QOUT i - sz +VPAIR2t ’

Symmetry "P" R, »R, P Ry, =R +V, t° >Ry, =R/’



The Investigations

Most experiments with charged tracking

and particle identification have HBT
results:

e BNL AGS:

E859, E866
E877

E895

e CERN SPS:
NA44

NA49
WA98 \
e RHIC !

Magnets
Forward '/

P H E N I X ~alorimeter




The Instigation

e This (Side,Long,Out) decomposition has
been applied to nucleus-nucleus
collisions from E,, ~1 to 200 GeV

e E895 = NA49 * STAR
+» E866 NA44
<
1F ]
[ -..
0.5 °
EE;— ....‘ ] u +
e |
ar
26 F °
=R | ° ¢
7] . L hd
E_a: " +
26| s ¢
s o0
T 4f *i
:4_—
Taf l#ﬂ f +
T |
_?u P | . . ......12
1 10 10
e The Great Puzzle: Vs (GeV)

o Why so little variation with E., ?

e Why are lifetimes (t) ~0 ??
( especially at RHIC)
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Provocation

e Solution to the Great Puzzle

» The data are wrong
» The theories are wrong

e Better said:

> A better understanding of systematic errors
In experimental data is required:
0 Definition of C,
o Coulomb corrections
0 Role of | , dependence of R on same
o Contributions from resonances

(especially when comparing between
different experiments)

» A better understanding of theoretical
assumptions and uncertainties is required:
O Quantum corrections
O Resonance contributions
O Lorentz effects
0 Modeling of expansion, velocity profiles
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A Complication

e Our favorite (charged) bosons never
have pure plane-wave states

» Even our ideal-case Fourier transform becomes a
“Coulomb transform”

» This particular case is easy to treat analytically

via “Gamow” or “Coulomb” corrections:
¢ Exact solution to two-body Coulomb is

V() = e Fy(—in; 1;ik(r — 2))
where
—n =22 (principal quantum number)
— 1 F(aje;z) is the confluent hypergeometric function
e Effect on two-particle wave-function given in terms of the usual
Gamow function Gqo(k) is given by

T(F=0)F _ 2m

k) = =
Gﬂ( ) |‘I’k(F—} OD)'Z g™t — 1

e The effect of an extended source distribution p(7) is given by

1| 2(7)|%0(F) dF r)
| T (7 = o) |? ~ Go(k) - {1+ 2; + 00}

G,(k) =

where aq = % is the Bohr radius for the system.

System | a, (fm)

iy 387
K 249
=> We can pick the Bohr radius of choice: TP 224
KK 108

Kp 83



Sensation to Calibration

e Circa 1991 considerable emphasis
placed on getting K-K correlations

e IN 1997, use K+’s from the same data
set to calibrate the finite-size Coulomb
corrections:

» Note data extend well inside classical
turning point
» Futility of semi-classical approximations to Coulomb

solutions
o *
o z K'p
i dainsiee
1 l_:_
i
06 %:}
i
__:'.f
0.4 MH =eer R(E)=R,(K)LR()=E ()
g o R(EK)=0 8fm E(p)=0. 8fm
= --—- amow
0.2
|:|'||||||||||||||||||||
0 50 100 150 700

Ik (M eV /c)
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An Indication

e What about all the other (positive)
charge in the system?

e Some indication from both AGS and SPS
that Rgjge(--) > Rgige(t++)
» E877 (AGS): Rgiyo(—) ~ (1.5 +/- 0.4)*Rg, 4 (++)
> NA44 (SPS): Same pattern, and also see

O Rygige(=) > Rrout(-+)

NA44 Preliminary: Pb + Pb — 717 7 4+ X, lowdRygige(t+) < Ryoui(++)
2 T T T T 2 T T T T
L I C-.)ulorlnb Woye I = | {Zoulohlﬁ.bWave I .
18 | Frp = 5.4940.28 4 15 | B.=8.1840.48 .
3 5 3 = 0.57+0.03 L ]
1.6 = 16 | =
Ch Gamow i S mow
1.9 ok Fro = 4.8840.21 1 14 - R.= 7.3410.37 1
i »=,0.61+0.03 l itk I
1.2 I :+: Tl 1.2 1
| A e |
I 2l ] I
0.&§ — 0.8 -+: —
0.6 I . L : ' . 1 . _ 0.6 I : ' JE L . L
1} 50 100 150 200 1] 50 100 150 200
Cre 10=LIQ1<20  (Mev/c) 0 10:L1001< 20 (Mev/c)
2 T T T
- : Coulr:mlﬁb Wowe : .
1.8 | Ry = 6.18+0.46 =
S E + /DOF = 3856, /2788
1.6 1
Zamaow
1.4 R = 5.42+0.38 i ! |
v/ DOF 13573./”}?8& +Ze / . d -IJ
1.2 = - |
L | )i I
| |
| |
0.8 — ‘\\A
0.6 ' . ' ' ]
—>——-—t B
Note external Coulomb p 0
ic i +Ze >-—-p P
eSystematic Iin Rgjpe > p+
'S

eCancels in Royt
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Q. Is Coulomb correction screened by other
charges in the system?

A. Perhaps, but ...

» Estimates of static screening lengths are
7-20 fm

®» Not a dominant effect (further reduced by expansion)

» Entangles (well-known) two-particle correction
with poorly-known external Coulomb correction

» Using vintage result | guess-timate external
Coulomb shifts in single-particle momenta of
d 6% at pr~ 400 MeV/c
1 15% at pr~ 100 MeV/c

( M. Gyulassy and S.K. Kaufmann, Nucl. Phys. A362, 503
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a little bit untrue...
r(@° ¢y (x)e® d*xpb r(q=0)=1

P C,(g=0)=2
versus observed value of 1.1-1.5

e Thisis parameterized away via
C,(q)=1+1 |r(g)?, I ~0.1-0.5

e “Understood” via assumed resonance
contributions:

fu'f;ﬁ}]':'“!“ﬁg;[g" o
Secondary 4 L ; A U
Complications (fm/cz)fﬂ-4 i )
T %*‘-I‘%-F{F{,Ee', TH1"
([ @3N
=TT,
ori : W, d
rimary =
Physics< = 4
Hard QCD
q-':]_z llllmll |||||||| L1
—t o
19 i 10)
z (fm)
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A Degradation

¢ How do resonances affect!| ?

e By creating a “halo” around the source
“core’”:

e Some culprits:
> r pp (G=150 MeV S~ 1.3 fm)
»K* Kp (G= 50 MeV S~ 4 fm)
»w ppp (G= 84MeV S~ 20 fm)

»h* hpp (G= 0.2MeV S~ 200 fm)
» (and many more...)

e Effect: C,develops structure near =0
to describe the various sources: /

= ¥ i R

CORE CORE 2(1 fCORE )fCORE ( CORE)(l fCORE)

— Core
— Halo

— Combination

C2(q)

Momentum
resolution

LY

=(~1%) A (~1%)xp [GV/c] >0 100
g (MeV/c)



A Reformulation

Quick review of Wigner functions:
e Motivate via density matrix r ©  P(i)|i ><i |

where P(i) are probabilities for i-th something.

e Probability P (K) to have momentum K is
given by P (K) = <K| r |[K>

Q. Is there a function <R|r |[K> 1 (R,K)
with the (classical-looking) property

P(K)=¢c R|r|K >dR ?

A. Yes: )
< RIr |K>dR=P(K)=<K Ir | K >
0< l l ( ) l l Transform to
=00 <K|[x><x]|r |y><y|K >dxdy—~p relative
coordinates \A

:(‘I‘) <K|R+%r><R+£r|r |R—%r><R—1r|K>drdR

. 1 1€ Plane wave
}O <R+—r|r |R-§r>e dry dR eiK(R-/2)

° *RIr |[K>dR=gry(R,K)dR |
e Show: p(K)=gr, (RK)dR
_ dK
P(R)=0Qrw(R, K)ﬂ
dK

<F>=gF(R)r, (R, K)dRﬂ
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A Derivation

e Make QM look ~ “classical’:
| Write the single-particle inclusive in terms of |

e Evolution operator U(t)

® Sum over discrete probabilities P(:):

dn. _ g’P(z) |fd4:1:(p|U(t — ocolz){x|i )|?

@ [d*z d*yp(z, y)II*(p; z,y) where

p(z,y) = LPE) =) (ily) = (loly)
I*(p;z5y) = (y|U'p)(p|U|z) = ¥ (plane waves)
In terms of the Wigner transforms of p and II:

d d*k
—?i = fd*fr
dp (2m)*

Repeat for two-particles: ‘

pw(r, k)L (p;sT k) .

® Remember to symmetrize II*(p;z, z'; yy')

e Assume p(zy;z'y’) =~ plz, 2« p(y, v') =

d
== [ d*z d*y [ow (@, p1)pw (Y, P2) + pw (@, K)pw (y, K) cos g(z — y)]
dp1dp,
where the four-vectors ¢ and K are defined by
& G= fiy — 1, Use —this in
o« K =B+ Ba, i+ ) cascade codes
=> Wigner functions are off mass-shell(!) /
P2(p1, pa) |1 €% pw (=, K) dix|*
C ] = = I
HPLP) = B ) - Palpa) 1 pw (s 1) %] - ] pw(, pa) dial
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A Justification

Q: Why compare to cascades?
» They’re complicated
» They have ~infinite number of parameters

A: The sources are
» complicated
» dynamic (i.e., x and p are not independent)

50 = 50
& el T, L R & ':'_- fﬂTF"‘.ﬁ' E’Chﬁ':' T

ERETRN" - i N P ) (At O 40 Fifrn

ROMD example: . Ehaeibis

- ol - C

O exampile:. - P aE

T i E

o o 5 20

> Si+Au
» 14.6 A*GeV

» Look at location @ * . I W
of last strong

0
in
i
1

) ) g FalrgMpR: . "o )F  Foccepted ROMD K
Interaction for - i g "’ﬁ-v-%%w ’ ! e
pions, kaons - E %
and protons in 7 g
(z,t) plane 0 ' E
e From Coe e
O.Vossnack — *«fammui o o« fergiar 7
Ph.DThesis 0 7| A
(Columbia) AV
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An Application

(of transport codes)

e ExpectC,todependonq and K
> No easy analytic demonstration (?)

> Results from g, = q-K /E(K)
» Usually produces decreasing R with

Increasing K F [T
Y B: -
4 Eg, NA49 data \ﬂ:—i E _
- . [ 0
> Explained in terms of A
resonance decays by 2f ]
B.R. Schlei and N. Xu: 3 0 frrrerrrrer T
E * S+§,200 AGeV | £ % Fb+FPb, 160 AGeV 5 B -
=t B b NA3S data | = 'O 1 NA49 data c
i o zpe ﬁ: -
= = a-— 4_ \ E
& S B A
| {:
E "[HviANDER E Twvianoer R
3t 3 f = o :
q - E_ * ] m
&l 4t Yo .
n 1 1 [ 1 o I L
E £ : :
|:l:g T .n:! » u:" [ | I AR REORE) I | |
4 05' ]
3_....I....I....I....I....I.... 3_....I....I....I....I....I.... U'
I’.ﬁ[GeWc] | | K [Cev/el | asp b + .
_1- | | | |
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An Observation

e HBT predictions from cascade codes
describe data better than they have any

right to:
e E859

» AGS Si+Au: (note uncorrected data)

PP

points: E359
-- RQMD METMA DE|
"""" EQMD METMA4 L

25
2
w E ]
U1 B .+ L& -
g - K'K

16 T e = 75

= 14 oy

14 . e i

:'H* £,

153 }‘{f By 1.2 _g:rl’ . 54
LB £ SO e
1 R SN IO et g e G

i 18
o8 points: 859 :i_ points: E259 75

e ) 16 |
0a g i

: inel decay: i RQMD (METMADE) 15 [&
04 [ —R?—I‘?DA,:D_IS% A 14 7 —-=- A=0ES5

B e A-1.00 12 S A=1.00 25

03 = 1.2 In
D:|||||||||||||||||||||||| U_""l""l""l""lll 0

i} 25 50 75 1on 1] a0 1aa 150 200
k(WdeVich k(WeVic)

o NA44
> SPS S+Pb:

> Note 3 projections

e Both cases:

Final state phase space
points x; are weighted

by
1 + cos[(p,-Py)(X4-Xp)]
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Some Trepidation

e This approach is Final state phase space

» Plausible ] Points x; are weighted
> WRONG by

1 + cos[(p,-Py)(X4-Xp)]

e Corresponds to replacing this correct,
positive-definite result

il il Py(pi,p2)  _ H% )
’ Pi(p1) - Pi(p2) [F pw (2, 3‘3‘1)‘%"*5a - [1 pw (, p2) diz]

2

with kt‘
I/Eiqmpﬁ"(inapa) d'x - /EiquW(a}an) d4$|

e Advantage:
» Uses precisely what codes produce

e Disadvantage

» Can lead to non-physical oscillations in C2
0 First noted empirically by M. Martin et al.
0 Theoretical analysis by Q.H. Zhang et al.

> Quantitatively, is it significant for heavy ion
collisions?
0 Answer 1: No (Empirical)
O Answer 2: Not yet? (see next slide)
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A Demonstration

e Study these effects with a source that
explicitly parameterizes x-p correlations:

1 2 Kz K?
ow (@ K)~expi—— m 25 T
|_ Examples for R=5fm, P=200 MeV/c
|—Naive — Correct — Usual (used in MC's) Ii
2
mi | S=0 | 5, \
T o !
@‘ : ey 2

|—Naive —— Correct — Usual (used in MC's) Ii
2 \
1 -

1 2
8O(MeV/c) 00

C2(a)

o

0 -8 - - -

|—Naive — Correct — Usual (used in MC's) Ii

I

'8%mevic)

C2(a)

200




An Amelioration
Q. Can one remove these pathologies from
~classical predictions?

A.Yes (Q.H. Zhang et al.):

> Smear the phase space points (x,p) with
minimum uncertainty wave-packets:

2
g(z,p) ~ exp {— [m—z + 211202”
20

withs ~|1 fm
> Pictorially:

-2 0 2
R (fm)

e This can be done analvtically with

parameterization on previous slide:
» Get back same(!) functional form, with

B4R+

P2->P2+(21)2
T

RP
RomeareiPsmeared
> C, is demonstrably well-behaved

88
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A Transformation &, 3

e What are the Lorentz properties of C,(q)?

6 6
: dgdn : EE, : dgdn :
C,(p,,p,)° PP, _ PL _| orentz Invariant
d°n _d°n d°n d°n
X E.—  xE

dp® dp®  dp’®  Cdp
e How to write our favorite practice Gaussian
In an explicitly Lorentz invariant way?

e Answered In
F.B. Yano and S.E. Koonin, Phys. Lett. B78, 556 (1978).

~ 1,r? t?
r I',t ~expl- —(— +—

o\ 1., . L7
P r(@:Vear) =exp{- JTIAT" R +(@ %502 )t ) I
o)
Cz(p1’ pz) :1+| r(q;VPAIR)lzzl-l-eXp{_ |CI| i R :- (q NPAlR)Zt 2}
I.e.,not explicitly Lorentz covariant

Fix by introducing source four - velocity u=g.(1,V,)
gq>q = qoz— | q |2 1
gxu=9g.(q,- g®,)® g, (in source rest frame)
Then
C,(Py, P,) =1+exp{-(q>q)’R * +(qxu)’[R? +t °]}
I.e.,explicitly Lorentz covariant
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A Demonstration B

e Can Lorentz effects “distort” information?

e Apply Yano-Koonin-Podgoretzsky result to
another toy model:

-5 P;
X m—) U —\ AR
Beam
axis \ p2

e Apply this to ~1-d motion in “Out” direction:
Study argument of exponential

ARG © - (g>q)%R ° +(qxu)’[R? +t 2] for various cases:
- Source at rest vg =0:
P ARG = |qJ*[R?+V,,t7]
P R, - =R*+V,, . t°
- Pair at rest V., =0:
P ARG = |q|*g, [R®+vg 17]
P Rour” =0, [R*+vs 7]
- Numerical example: |V |» 1, |Vs |=0.7
P Ry’ » (04)°[R* +t 7]
e Nota Bene: This last case allows Ry +<Rg,pe
even fort ~Rg e
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HBT “radii” are being distorted by

strong expansion and/or x-p

correlations:
~

A §>S‘

e Evidence from D. Molnar parton cascade:

Au+Au 130GeY, b=0, 30 x HUING

Z
=y

Au+Au 130GeV, b=0, 35 x HIJING

comtours for 1/M * dN/dx, ds 10 -
out T
D<p<05GeV DS <p <1 GeV 1t |,||_ |
FRE S ‘;_-'::—_::'““\ g |$Erl1ige x 2+
0 N 0N ; yl<1
/ I._/ .'/ __\". \ ||I/ i/ ."'//' .\__\Il -\\]_ u .|Ii; ‘y|<2 i
r Wb e |3l RS / a = | _
\\ AL / \ "-._\k\____','//-‘_z Ell'ul"_
|UUE 1ap=15GeV 1.5<p <2 GeV 10 s \
007 E g 1 L]
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A Gradation

e The chieflesson from last 10-15 years of
(theoretical) HBT work:

e The “radii” are a (potentially)
complicated mixture of
» Space-time distribution
» Spatial flow gradients ~ dv/ dr

» Temperature aradients ~ dT/dr
» This average® < (I -V, st)° > is over

space, time, flow profile, temperatur e, .....

e More correct terminology:
“radil” “lengths of homogeneity”

e Inthe presence of source dynamics,
“radil” depend on mean pair
(energy, momentum, transverse mass, ...)

_ > 1,
qopl'pzo(qo’q) , KOE(p1+p2)
C,(G,Vorn) « C,(G,K) (Pratt, 1984)

Lengths ~ ﬂDv and/or d—rDT .
dv aT f(K)
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A Frustration

e In principle, combining
» Single-particle (momentum distribution) data
» Two-particle (“HBT”) data

e can determine freeze-out temperatures,
flow velocity, source lengths, ...

e INn practice, thisis complicated:
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A Combination

e Combining STAR and PHENIX HBT

“radii” :

o FIt R _ RPceom Wiedemann, Scotto, Heinz,
SIPE h. 2 Phys. Rev. C53, 918 (1996)
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A Unification

e Plotted versus K, there is an amazing
consistency between data from AGS, SPS, and
RHIC, spanning a factor of 100 in CM energy(!):
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o Homework Problem to Students: ¥ (GeVic)

= Explain This !
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Pontification

e There is now an extensive experimental
and theoretical literature built on 20+
years of “HBT” studies

e We’re now ready to start doing things
right:
> Experimentally
O Measure resonance contributions
0 Measure like and unlike particle effects
o Stop applying ersatz Coulomb corrections
Or
o Stop applying any Coulomb corrections
O Test frame assumptions (do we need LCMS?)
0 Understand systematic errors

» Theoretically
o Cascade codes for RHIC

O Improve understanding of
€ Lorentz transformations (do we need LCMS?)
€ Shape sensitivity
€ Quantum corrections to classical densities
¢ Coulomb systematics

0 Understand systematic errors

e Together:
Let’s compare caipirinhas to caipirinhas !
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