Pion Form Factor Analysis

Topic : Pion form factor Calculation
ded_TWiSteQr

" £ ETMC Meeting : 25/09/19
universititbonn A -

C. Urbach, B. Kostrzewa, F. Pittler, Y. Lee




Contents

Introduction
Theoretical Background
Analysis Setup

Result

i » W b H

Conclusion & Further Improvement

25/09/19

2/49



1. Intro ® ® 2 Theory ® @ 3. Setup ® ® 4 Result ®® 5 Conclusion ® ®

Introduction

Why Form Factor?

3pt Correlator Scalar Matrix Element

Scalar/Vector radius Radius Extrapolation

25/09/19 3/49



1. Intro ® ® 2 Theory ® @ 3. Setup ®® 4 Result ®® 5 Conclusion ® @

Introduction

Olfaporato™
Approach
[arXiv:1309.2104v2]
S(\:/?/I.?r Fo;;m chtor, Gulpers, Hippel, Wittig
lIson Fermion 2014
: [arXiv:1507.01749v1]
Form Factor Calculation : Sl Radlus - Gulpers, Hippel, Wittig
Chiral/Continuum limit 2015
4 _ I
[arXiv:1710.10401v1]
Vector Form factor 5 Alexandrou, Kostrzewa, Urbach
Small Q?, Twisted mass Santilippo, Simula et al.
2017
\ J
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Introduction

Project Purpose

Calculate Scalar/Vetor Form factor behavior by Q? from 3pt Correlator
Calculate Scalar/Vector radius behavior by M_? (*Preliminary Frame work finish)
Using twisted mass, one-end-trick, and measuring disconnected part contribution

Reduce and understand Systematic Errors for further improvement

i » W DN H

Testing the necessity for momentum shell average during analysis
*Q? 1 -(pfpi) 2
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Introduction

Test Environment

1. Ensemble :

2. Correlator : Pion 2pt, 3pt function with insertion, loop

1. Intro ® ® 2 Theory ® @ 3. Setup ® ® 4 Result ®® 5 Conclusion ® ®

Test Sample

cA211.53.24 1726 0098 24 0.1667
cA211.30.32 1726 0098 24 0.1256
cA211.40.24 1726 0098 24 0.1452
cB211.25.48 1778 0081 48 0.1042
cB211.072.64 (Physical point) 1778 0081 64 0.0566

3. Source-Sink separation (Delta t) : 12, 16, 20, 24, 28, 32, 36

4. Stochastic source : £»*(Z,t)|r € [l,...,Ng]

25/09/19

Z(2) +iZ(2)
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Introduction

Source

Stochastic

\ 4

Correlator

Y

y

-

-

One-end
trick

N
2pt/3pt/loops
Dispersion relation
Q"2 number check

L
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Step 1

~

)

Step 2

Scalar/Vector radius

\ 4 A

Radius extrapolation

-

N

~ 4 A
Scalar/Vector Different
Finite Volume ensemble

Effect
Y \ =
Step 3 Step 4
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Introduction

Extended Twisted Mass Collaboration

“Olfaorato®

Analysis Framework for one Ensemble

Stochastic Form Factor Scalar/Vector radius
Source

2pt/3pt/loops Scalar/Vector
Dispersion relation Finite Volume
QA2 number check Effect

One-end
trick
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Theory

Step3 : From facto:
Step4 : Radius E

.



Theory_ Correlator Produce

Extended Twisted Mass Collaboration

Stochastic
Correlator
Source

One-end
trick
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Theory Correlator Produce
_Extended Twisted Mass Collaboration

Insertion

C. 3t = @ (Full Connected 3pt) - @ (2pt with Loop) + @ (2pt with Vacuum)
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Theory_ Correlator Produce

N ©cncied Twisted Mss Collboratir

Total Disconnected Contribution

4

\

.*;_":r-[f.tr.p'.'-}'.l'.r]

T}_::-Il-[f I:-r.j'.'-"l'-}'.lllr |

Z (d(y)msu(y) O () (dii]?aﬂi:]ji}ﬂ'l.:: t, B g —¢, € P IHEEY)
= y,2

Z ([d-:'y]'rﬁﬂ-:'y] [d[:]-rﬁﬂ[:]jr -{'}_r-[r]]} e s T i -(F— ) Higy- ()

E R TE-

DE vaclt. t', 7. F) Z (d(y)rsu(y) {dli:]?:-i'i[:]]i:' (OF(2)) Beea—t. B gy—s & F T

T:E"::

/

Total Contribution

L ETE“ flr:-ﬁi- jj}';I - I}g}[tr _ tsn":-t_:.r - t.‘iTE‘-ﬁi‘ﬁf} + 5[;5'} _ﬁi}pfﬁc?jlmeﬁr _ t.'-:r-rl.fy _ tsrr:-ﬁiaﬁf} 1
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Theory_ Correlator Produce o
_Extended Twisted Mass Collaboration (it !
~
b1 5 5 s 1= oo
. 5008 0z, ,JELPT-';&P () =0
/

Stochastic Source
K
Ex(x,t) [re[l,..., Ng] llm —Z E0(T) - [T ()] = Gapbap b5 g
Z(2) +iZ(2)
-
One-end trick, Sequential Propagator & 2pt function
?,l;f{.r t tere) = Z{Dfﬁ_]{it — Uy tare) - Er(Yytare) E=u,d, 57,5 , ET: gi
[ Z Moy 'H (T, 1, tare) - li}flf'g[f.f. tw}] Cx(t — tere, P) + noise Vs Dyuys = D;]
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Theory Correlator Produce
_Extended Twisted Mass Collaboration

Sequential propagator & Three point function

-

(Tt tare) = 3 (DI TUE b 4 T tee) - Enlotere) L=u,d,sT, s,
7

—

E}:?Iﬂ - Z{Dg‘f]_] {f L+ :'I}'-. tr;' ' [“:rﬁ rnrf_f[ﬁr tr-. f.l-:r-:]]

y

} ¢ = ; .,"3.-..—-. * iy — — .
Z nof(Z, ) - [ﬁ}i_d_ﬂ H] (¥570) g0 ¢ Gy (t,t', 7, —F) + noise

T.a.0, 3

.
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Theory_ Correlator to Form factor

Extended Twisted Mass Collaboration

Form Factor

2pt/3pt/loops
Dispersion relation
Q"2 number check
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Theory Correlator to Form factor

N ©cncied Twisted Mss Collboratir

2-point

C™(t,p7) = Y < dz)ysule)(d(z)ysu(2)) )0, e P >
_ 72 : N
C‘HL [t.p_}'] s T [Pf:l [E—EEPIH _I_ EE{PIJET_”]
2E(ps)
G(p)| = |< 0]d(0)y5u(0)|7" (p) >|

25/09/19

1. Intro ® @ 2. Theory @ @ 3. Setup ® ® 4 Result ®® 5. Conclusion ® e
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r[l'—rl

Glp;)G(pi)
1E(py) E(pi)

=< 0| (7)|m(p}) > g

—}J.I-I.. ['I'—I:'I

< mi ()07 (57) > 5

1E..

<al(pp)|o(n)[at (pi) > [T 4 e BT

< m(pi)|wT (pi}|0 >

/
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Theory Correlator to Form factor

N ©cncied Twisted Mss Collboratir

Correlator to Form factor

/

G(p;)G(pi)

< = (p)|O() | (pr) >= 5, (

FI(Q%) =< 7'(ps)|Os|7"(pi) =

g = myuu + mdrfrf + 1M 4S8 Oy

1E(py) E(pi)

2
3

\ FHQ?) =< ='(pg)|Ov|'(p;) = /(E(ps) + Elp;))

1 -

Uyt — Enf“mrﬂ 22 U U

N

sign

u and d terms are equal
magnitude and opposite

/
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Theory Form factor to radius

Extended Twisted Mass Collaboration

Form Factor Scalar/Vector radius

Scalar/Vector
Finite Volume
Effect
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Theory Form factor to radius
_Extended Twisted Mass Collaboration

Form factor to pion radius

/ 6 OF5(Q7)

2 T .
<t rgy= —— Vera Guelpers et al. 2015 [arXiv:1507.01749v1]
Fiv(0)?  0Q° g

2 1 2 2
Fip(Q7) = Fgp(0)(1 - 2 <" >5y @° 4+ 0(Q"))

_ 1. _ _
FIAQ*)/FI(0)=(1- E_-*I.Ifr < =T QM)+ O(Q/M )Y

. 1 . . .
\1I.-"I_F§~F_L.-(E}E}””r”m“zm =1+ E_rllfnz. < :I"2 :}I.BI:.L" (Q;’_-H,r}z + {_}(ﬂ:-?l.l"l_ﬂlfr}t

/
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Theory Form factor to radius
_Extended Twisted Mass Collaboration

Form factor to pion radius

/ 6 OF5(Q7)

2 T .
<t rgy= —— Vera Guelpers et al. 2015 [arXiv:1507.01749v1]
Fiv(0)?  0Q° g

2 1 2 2
Fip(Q7) = Fgp(0)(1 - 2 <" >5y @° 4+ 0(Q"))

_ 1. _ _
FIAQ*)/FI(0)=(1- E_-*I.Ifr < =T QM)+ O(Q/M )Y

. 1. . .
\[1.-"IIF.;‘F_L-'(Egz}rmrnmﬁzrﬂ =1+ E_rllfnz. < 1"2 :::'I.SI:.L" (E,};’.-H,r}z + {_}({-El.-'"_-rllfr}l J

/
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Theory Radius Extrapolation

Extended Twisted Mass Collaboration

Scalar/Vector radius Radius extrapolation

Different
ensemble

25/09/19 1. Intro ® @ 2 Theory @ @ 3. Setup ® ® 4 Result ®® 5. Conclusion ® @



Theory Radius Extrapolation

I ©cncied Twisted Mss Collboratir

General Pion Radius Form as function of m_

/

A 1 13 6 _ 5 5
< T8 = + [y + log(m= ‘i<
i (dmfr)? 2 (4 fr )2 [4 el Py ”:I]

Vera Guelpers et al. 2015 [arXiv:1507.01749v1]

»
1 1=

g7 10V g™

\ C. Alexandrou et al. 2017 [arXiv:1710.10401v1]

E - T
<1t E=
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Analysis Setup




Setup. #1_Form Factor Calculation
_Extended Twisted Mass Collaboration

Step 2 /Zpt, 3pt Correlator mmmmm) Matrix Element mmsss) Form Factox

Correlator o——

= - : -
< ?rf(pfﬂﬂ[T”WT[Pi] e C";;‘_Ft (46;:?;]6;3] [E_EFJF{T—T:I + e Ep; '-r.’-":'])

= iiu + dd v = tpu

F3(Q%) = my < ' (py)|O|7" (ps) >

(@ =< o 00 > (EC) B )
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Setup. #2_Scalar/\ector radius
_Extended Twisted Mass Collaboration

4 N

Form Factor linear fitting with Q° msm) < r? >

1
UFEL-{QE}nwmarmd =1+ EME <7’ =5y (Q/M:)* + O(Q/M)*

Scalar/Vector radius K*zmmd

Step 3 K

Linear Fitting : y=1+Ax, < r?2 >=6A/M_?

/
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Result

1. Dispersion relati

2. Scalar/Vector Formil




(aE)“(t,p)

0.25
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0.15
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0.05
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rep—id, Matrix Fit: cA211.53. 24

— c(intercept)=1.0002(26)
c(slope)=1.014(12)
c(total)=1.0070(74)

- —— Expected Theoretical | y=x+0.028
max(distance’/error’) = 3. 3275

I I I I I
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I I I
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| | | | | | | |
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2
2npiL
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aGit,p)
0.15 0.20 0.25 0.30

0.10

25/09/19

rep—id, Matrix Fit: cA211. 53. 24 rep—id, Matrix Fit: cA211.53. 24

0.30
|

0.25
|

B

[ = = 2 = o]
aG(t,p”)
0.20
|
HEH
—H——

[Fa)
o
—_ Expected Theoretical : y=0.19 - —_ Expected Theoretical - y=0.19
max(distance’/eror’) = 4. 5977 < max(distance’/emror’) = 6. 7767
| | | | | | | | T | T | T T T T
0.00 0.02 0.04 0.06 0.08 0.10 012 0.14 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
2np’iL 2npiiL
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p?=0,p*=0,(aQ)” = 0.000000 p?=1,p’=1,(aQ)* = 0.000000 p7=2,p’=2,(aQ)” = 0.000000
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p2=0,p?=0,(aQ)?=0.000000

p?=1,p?=1,(aQ)?=0.000000
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p?=0,p?=0,(aQ)> = 0.000000

30
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p?=1,p?=1,(aQ)? = 0.000000

p2=1,p?=1,(aQ)’ = 0.000000
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Result. #2 Scalar Matrix Element
_Extended Twisted Mass Collaboration

Disconnected contribution

2_ 2_ 2
p2=1,p>=1,(aQ)? = 0.000000 N=(aO) = 0.000000

15
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p2=1,p?=1,(aQ)? = 0.000000
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Result. #2  Scalar Matrix Element, Conn
_Extended Twisted Mass Collaboration

<7(py)| Os|m(p)>=""(t,3t)
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p?=0,p7=1,(aQ)* = 0.047886
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Result. #2 Scalar Matrix Element, Disc
_Extended Twisted Mass Collaboration

<n(py)| Osm(pi)>"*(t, &%)

25/09/19

p?=0,p’=1,(aQ)” = 0.047886
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Result. #2 Scalar Matrix Element, Full

<n(p)|Os|m(py)=""(t,5t)
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p7=0,p’=1,(aQ)’ = 0.047886
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Extended Twisted Mass Collaboration
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30 —
20 -
10 1 .E\.\
[ v
. @@@¢QWMmmmmmma@§ggasgaga
0 -
0 3t=24 0 8t=20 & 8t=16 + dt=12

16 -12 -8 -4 0 4 8 12 16
(t-5t/2)/a
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Result. #2 Scalar Matrix Element
_Extended Twisted Mass Collaboration

p?=0,p’=1,(aQ)” = 0.047886
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Disconnected contribution
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<n(p)|Oylm(p)=(t,5t) [ (E(p)+E(py)
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Result. #2 Vector Matrix Element

<nt(py)|Oy|m(p)=>(t,8t) [ (E(p)+E (py)
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<n(pg)|Os|m(py)=""(t,5t)
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Conclusion

Momentum Shell average is necessary for reducing errors
Scalar/Vector Matrix Element from 2pt, 3pt Correlator Calculation is usable
Disconnected contribution is measured relatively smaller than conncected contribution

In high momentum shell result for matrix element, the noise also get higher.
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Further Improvement
_Extended Twisted Mass Collaboration

Calculating Form factors, Finite Volume Effect need to be considered.

<r?> extrapolation with pion mass is needed with other ensemble analysis

Using G(0,t) value at different momentum class to reduce errors

Using higher momentum shell to gain more Q? values in smaller range.

Strange quark contribution in Scalar Form factor calculation

Understand/Quantifies the Systematic Errors
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