PHOTOS Monte Carlo,

ete” ==t ()

QINGJUN XU
IFJ-PAN, Cracow, Poland

In collaboration with Z. Was

April 2009, IHEP Beijing

Q. Xu, PHOTOS Monte Carlo -p.1



Brief Introduction to PHOTOS

e PHOTOS is used to simulate effect of QED in decays

e PHOTOS can be combined with other main process,
generators since it works on four-momenta, most of
kinematical variables are needed for one step of
iteration

e In soft and collinear limits, the matrix element can be
factorized into the Born matrix element times a photo
emission (an eikonal) factor

e Similar factorization is done for phase space, too

e Process independent kernel in PHOTQOS can be written
as Born matrix element times an eikonal factor
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Brief Introduction to PHOTOS

e QED, scalar QED decaying processes in PHOTOS
s Z (v H)—pTu(v)
o BY - KTK~ ntn= Ktn= (), BY = KTK? nt70(v)
s W — ly(v) will be published soon
s ~v* — 77 (v) will be published soon

e These processes can be simulated using PHOTOS
kernel and exact matrix element

e The results were compared process after process. We
found PHOTOS kernel is a very good approximation for
these processes
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Motivation of v* — 77~ ()

e Precise measurement of ete™ — ~+* — 77~ () is used
for parameterization of photon vacuum polarization,
hence it is useful to improve standard model prediction
on

s Muon anomalous magnetic moment a,,
s Electromagnetic coupling constant ., (s)
This could also give a hint for possible new physics
contribution

e Simulating v* — 77~ () will be useful for rare
semileptonic decays K+ — 7Tr~*y(v) since
p — w7~ (v) has same spin amplitude structure as

V= T ()
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scalar QED kernel in PHOTOS

In PHOTOS, scalar QED kernel in case of B decays
Bo(P) — 7% (q1) KT (q2)y(k, €) s

2
|M|Broros = 470 MBorn|? (Q o= 2322—,',2)
)1, Qo are the charges of final masons

Since spin structure of eTe™ — v* — 7T~ is different from
B decays, }_,  [M|*(v* — ntn~ ) is different from Scalar

QED kernel in PHOTOS!
Z)\,e

factor + remaining part

M|*(v* — mT7~v) = Born-like expression x eikonal
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Born-level amplitude

Born-level spin amplitude of
et (p1, A1)e” (p2, A2) = v = 7 (q1)7 (¢2)

et y Tt
// Mborn — V,qu
\ V,, = wet(p1, A1 )vuv(p2, A2)
Y \\\\ H(/),L _ ngg(S) (Ql B QZ)M
e ™

Square of amplitude and sum over spin degrees of freedom

8(4ra)? F2 (S)
52

Z | MBoyn|*(S,T,U) = (TU — mZ2S) o ¢° sin 07,

A
S=2p1-p2, T=2p1-q1, U=2p1-q

q IS the length of q_i’ HB — Lpl(ﬂ Q. Xu, PHOTOS Monte Carlo - ps



AmplltUde Of ete” —~* - a7

Spin amplitude of

M=V, H" , V, =weu(p1, \M)yuv(p2, A2)

gy — €Fr(S) (q1 + & — o) LS L — g \W42:€ _ o
= —% i I+ (2 +k— @)t By — 2e

In order to obtain high precision of PHOTOS and KKMC Monte Carlo pro-
grams, one must analysis exact spin amplitudes and their parts of pro-

cesses
Q. Xu, PHOTOS Monte Carlo -p.7



AmpIItUde Of ete” —~* - a7

Rewrite H* into two gauge invariant parts H* = HY + H*,

HE = <P (g gy)m (‘“'6 - q?'e) — HV (M — L 6) for soft limit

q1-k q2-k q1-k
HY, = <len(5) (k“ (fﬁ it ook }Z) - 26“), free of soft singularity

One can also rewrite H* = HY, + HY,

Far (S k—qy -k 3 €
HY = eQT() ((Ch — q2)" +kug§-k+gi-k> (Ch ~ )

q1-k qz2-k

HY, — Hf (‘“—; — 6) for soft and collinear limits
qi- q2-k

2
e — e Fen(S) (pp [ gie q2 e . pwaz-k—qik ((qie  goe
I S k q1-k ™ 2e — k q2-k+qi-k \ q1-k g2k

2e?For (S M %
= = é( ) (q2.k]:_q1.k(Q1'€—|—QQ'€)_€'U’)

free of soft and collinear and singularities!

This due to the factor kS 12 ’,;L‘h , Similar factor appears in QCD amplitude,

see A. van Hameren and Z. Was, arXiv:0802.2182
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AmplltUde Of ete” —~* - a7

For the first separation,
Done IMPP =303 (IMrP+ 30, AIMpl? +230, MMy

Ar =3 M) Arr =30 \Mir? , Arrr =230, MrMor®

2 - € © € 2
A; = (47a) (<A+BZC+D> _<4m>2”g—7;<5><q1 -k><q2-k>) > (lek - ;f,)

€

_ 2 - € %

4 1 FZ (S
(B — l(C’ + D)) e <A — —(C+ D))—|—8(47roz)327r—()(5’—|—2m72r—|—
2 q2 - k 2 S2

Ao

q1 - k

F3(S)
S2

m2 m2 A—-B
Arrr = —(4ra) ( — ) 2

/ 2
(g1 - k)2 (g2 k)2 (8" +2mz — S)

+ 8(47ar)’
% de"

2 (4 Lo )
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% de"

q1 -k

<B—|— %(C+D)> 4



AmpIItUde Of ete” —~* - a7

A= Z)\ |MBor'rL|2(S? T/7 U) ) B = Z)\ ‘MBOT”'P(S’ T’ U/) !
C = Z)\ |MBor'rL|2(S? T7 U) , D= Z)\ |MBO"°n|2(S’ T/’ U/) ’
E = 32(4ma)*m? —F2‘2525>

s

Mandelstam variables

S =2p1-pa, S =2q qo,
T =2p1-q, T =2ps-q,
U=2p1-q, U =2p-q

5 m2 —m% S—2m72T
Z|M| _4m{(q1 k)2A+(qz-k)23+2(q1-k)(qz-k) (C’+D)}+E

We keep m, all the time!
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AmpIItUde Of ete” —~* - a7

For the second separation,
Z €|M|2:Z G‘MI/P_'_Z €|MII/‘2+22 GMI’MII’*
A, A, A, A,

Ap =) 5. My |* , Arp = D e My |* , A = 2> e MpMp~

- k)? - k)2 k k
Ay = (4m< R S UL L S L R [ o)
(q1-k+q2-k) (q1-k+q2-k) (q1 -k + g2 - k)
32F2 (S k)2 (g2 - k)2 : e\ 2
—(4mar)? 27;( ) (g1 - k)*(q2 )2> Z (ql € Q42 e)
S2 (q-k+q-k)?2)—\a-k ¢k
—“ 16(4wa)3FZ (S k)2 )2
Arp = (4ra)5 (A+ B—C — D)+ (4ma)° F5 (S) (q1 - k)* + (q2 - k) 5
(g1 -k +qz2-k)? S2 (q1 -k + qo - k)2
—4mo q2 - k g1 - k
A = 2m3r—|—5’ _S>A+<2mi+s/——S)B
”I (Q1'k+(12'k)2{<( )CJ1-/€ ( )qg-k

—<§ <Q1'k+”'k>—2m3—s’> (C+D)}—

2 \q2-k q-k
32(4ra)3F3 (S)
S%(q1 - k+q2 - k)2

{g ((q1 - k)* + (a2 - k)*) — (2m7 + S") (a1 - k) (g2 - k)}
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AmplltUde Of ete” —~* - a7

Normalize lengths of 3-vectors ¢; — ¢> and

G — @ + kT to make them be the same as |71 — Ga/Bor

For the first separation,

S — 4m?
2 / /
Z’M‘ = A7 + Avemain, A7 = A5 _,7;
3 71 — ¢
€
For the second separation,
S — 4m?
2 / / / s
Z ’M‘ = Ap + Aremaim I — Ap S S > qa-k—q1-k (9
q — ¢+ k
A€ ’ q2-k+q1-k

Conclusion: )
qi - € qa - € ..
M|? = 4o Mporn|? ( — ) +remaining par
>IN = am 3 S (2 - 25
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Numerical Results

Comparison of A’ (A%,) with Scalar QED kernel at v/.S = 2GeV

BR: 4.2278 + 0.0021% , 4.2279 +0.0021%.  Very good agreement

I Comparison of Mass(2) of pi- pi+in channel gamma => pi- pi+ gamma I SDP I Comparison of Mass(2) of pi- gamma in channel gamma => pi- pi+ gamma I SDP
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Note: The distribution variable in all plots is normalized to the virtuality of decaying photon
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Numerical Results

Comparison of A’(green) with Scalar QED kernel (red) at v/S = 2GeV

I Comparison of cosThetaGamma in channel gamma => pi- pi+ I SDP I Comparison of cosThetaPiMin in channel gamma => pi- pi+ ] SDP
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A little difference for 6, and 6,- distribution, angles are re-

spect to the beam direction
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Numerical Results

Comparison of A’,(green) with Scalar QED kernel (red) at V'S = 2GeV

I Comparison of cosThetaGamma in channel gamma => pi- pi+ ] SDP I Comparison of cosThetaPiMin in channel gamma => pi- pi+ ] SDP
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Differences for 6., and 6__— distribution are smaller than that of A/,
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Numerical results (Comparison of 3_, _|M|? with Scalar QED kernel in PHOTOS)

VS = 2GeV

BR: 4.4378 + 0.0021%, 4.2279 + 0.0021%

| Comparison of Mass(2) of pi- pi+ in channel gamma => pi- pi+ gamma I SDP
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V'S = 200GeV
14.1474 4+ 0.0038%, 13.9208 + 0.0037%
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Numerical results

Comparison of ZA’G | M |? (green) with Scalar QED kernel in PHOTOS (red)
VS = 2GeV V.S = 200GeV
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Summary and outlook

e The cross section of eTe™ — v* — 777~ () can be
separated into an eikonal part and a remaining part
using principle of gauge invariance. The eikonal part is
identical to Scalar QED kernel in PHOTOS used for B
meson decays

e With PHOTOS our process can be simulated using
exact matrix element now. Results were compared with
the one where spin of v* is ignored (Scalar QED kernel
In PHOTQOS) . The approximated, easy to use version is
correct up to 0.2% level. The difference remain constant
with increasing ~* virtuality

e Multi-photos emission can be simulated

e Analogies with QCD amplitudes are visible

o Tt = [Ty y

Q. Xu, PHOTOS Monte Carlo -p.18
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