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Motivation

Two Body: Lischer Equation (one channel case)

3/2 1
tan (k) = i Zoo(1;4°) = ——=

 Zoo (1; BL7) VA

3 471-2




Motivation

Two Body: Lischer Equation (one channel case)
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The Spectra in the Moving Frame can extend our knowledge of S matrix in the

energy region.
(n)
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Two Body: Liischer Equation tan §(k) = Zoo(1;4%) =

How to extract S matrix from the Spectra in the Moving Frame ?
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Two Body: Lischer Equation tand(k) =
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Zoo(1;¢%) =

How to extract S matrix from the Spectra in the Moving Frame ?

Rummukainen and Gottlieb NPB 450 397 (1997)

in the energy range of interest, the phaée shift & is related to the momentum p; by

*L
B(p*) =~¢*(g)modm, g=5=, (am
where ¢¢ is a continuous function defined by the equation
Y/t p
tan(~¢%(g)) = ¢°(0) =0. (18)
7l Z8(L¢)
Function Zd‘o is generalized zeta function, and is formally given by
1
doe oty o o NP2 19
Z(s:4") VM_Z{ ), (19)
rehy
where the set Py is
Piz{reRr=y Y (n+df2), ncZ’. (20)

The expansion (19) is convergent when Re s > 3/2, but it can be analytically continued
to s = 1. We discuss the numerical evaluation of Zﬂ‘(’] in Section 5.2.
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How to extract S matrix from the Spectra in the Moving Frame ?
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where the set Py is
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The expansion (19) is convergent when Re s > 3/2, but it can be analytically continued
to s = 1. We discuss the numerical evaluation of Zﬂ‘(’] in Section 5.2.
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How to extract S matrix from the Spectra in the Moving Frame ?

Rummukainen and Gottlieb NPB 450 397 (1997)

in the energy range of interest, the phaée shift & is related to the momentum p; by

*L

B(p*) =~¢*(g)modm, g=5=, (am

where ¢¢ is a continuous function defined by the equation
ygm/
tan(~¢%(g)) = $"(0) =0. (18)
$(q Zm(l o

Function Zd‘o is generalized zeta function, and is formally given by

Zgh(s:q) = Z{ﬂ ), (19)

rEPu

where the set Py is

Piz{reRr=y Y (n+df2), ncZ’. (20)

The expansion {19) is convergent when Re s > 3/2, but it can be analytically continued
to s = 1. We discuss the numerical evaluation of Zn‘(’] in Section 5.2.
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Ml‘n.l‘n‘(”)‘y l_’_ Z L 7 — ,.“ qJ)Cl.[l"- ' (89)
yeli=t| -
where we have defined
L
qs’z—,;_. (90)

The tensor Cim js.irar can be written in terms of Wigner 3 j-symbols

I I 1jr
Cl,./.[. = (- l’-lI.r\/(z”'l)(~]+l)(2l,+l)( j_ml)(o(l,o)

(91)

The generalized zeta function in Eq. (89) is defined through the equation
Zi(s:) =) V(N (P =)', (92)
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Two Body: Liischer Equation tan (k) = —— 7 Zoo(1;¢7) = —— -
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How to extract S matrix from the Spectra in the Moving Frame ?

Rummukainen and Gottlieb NPB 450 397 (1997)
11 I+ 9 i+ kL 2
detlcotd + M| =0  Miww® = S > (Zk?m : (1; (g) )Ozm,js,zfmf

J=|=U]s==]

Zh (5:4%) = Z Vim (1) (r* — qz)s P = {7‘ cRPr=+"" (n + %d) for some n € Z3}
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How to extract S matrix from the Spectra in the Moving Frame ?
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General formalism for momentum
transformation
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B(q) =\ P2 + E*2(g) _— *
k*2 _ g2
E*(q) = 2/ ¢% + m? k % k ??? q

() — KBk mEmi=m o () ek

is the on-shell mass,
but in the loop, we . .
O - E)2=13> — %k do not know two O R k,=—k"
particles on-shell or
- not.




General formalism for momentum
transformation

2 o I+
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We can not fix the exact
/ relationship between k and k*

() — KBk mEmi=m o () ek

is the on-shell mass,
but in the loop, we

O — §2=I3) —k do not know two O D l?f-l?*
particles on-shell or
R t. -
> E,P no E* 0
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General formalism for momentum
transformation

-~ . I+
M e (@) = 2D | >, P / dgk i Yo () (1F-1/9)
m,l'm/’ — 3
5 1
= \/P2—|—E*2(q) — —}* — .
k— k777 T

E™(q) =2V ¢* +m?
But, the main contribution of [ summation — mtegration ] is just from the singularity

of function, i.e., E(q) — w; —wz_; = 0 or k2 = q2.
Non-singularity part contrlbutlon suppress by Exp[-mL] order.
Singularity part contribution suppress by 1/L order.

The meaning of £(q) — w;; — wz_3 = 0 or k*2 = g?: two particles are both on-shell.

E%E*
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Three typical transformation formalisms

-

k*

Method A:

i

Ga = Aalk — 5 P) =43 (k - 52P) (43)
0 0 . .
1 P, () The first particle always
\/1 _ (‘ﬁ|/p0)2 B on-shell
Py = “aPr, (45)
W,
Method B:
R
- ~—1 a
gp = 95 (k=3 (46) .
- . The energies of two
0 A~ .
B = —— = 5. U7) " particles are always the
L= (|P|/F)* 77
o same.
&Pqp = 5 'd’k (48)
Method C:
. .7 B Wk 1,7 gl .
do = ol = P——"") = Jo' (k= P3), (49)  Two particles are both
1 Wi W -
o = _ _ k + Wpk _ (50) always Qn shell, but
\/1 = (1P]/(wr + wp))? \/(wwwm)? —P? energy is off-shell.
P = e Wk TPk g (51)
2 WrWpp

P N N = T (YN =S -




Three typical transformation formalisms

k* = q;

Method A:
D = Ak = 5 P) =43 (F = 2P (43)
0
Kim, Sachrajda and Sharpe 1 R m The first particle always
NPB 727218 (2005)" /i (e 5 on-shell
Py = AP, (45)
Wi
Method B:

, i = 35 F 1) (16) .
Rummukainen and Gottlieb . P The energies of two
NPB 450 397 (1997) & = = =P U7) " particles are always the

L—(|P|/Fy)r 70 came
&gy = v5'd°k. (48) '
Method C:
W - =1
jo = yelk — P—— —) = Jo' (k= P3), (49)  Two particles are both
New one, but it will be véry
_ wp +wpr (50) always on-shell, but

useful in Harff‘ltorv:r-m aPp oacurJIP} ; \/(wﬁwm) _ P2 energy is off-shell.
or other casgs Waps W1 +°‘“”d P 1)
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Method A
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The test In S-wave of it scattering
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Summary

« We discuss the general formalism of momentum
transformation in the finite volume.
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* Three different transformation ways are discussed. The
first two ways provide the exact same results.

« The S-wave pp scattering case is checked in detailed.
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