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Charged current deep inelastic scattering process
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FX(x,0%) vs Q%: arxiv:1911.12573
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2xF VL (x, Q%) vs Q: arxiv:1911.12573
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NME in Weak & Electromagnetic interactions: JPG: Invited

review
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Isoscalar vs Nonisoscalar nuclei: arXiv:1911.12573
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Theory vs Phenomenology: v; —%0 Ar: JpG: nvited review

Y e Y e e Y e
L 1 4 L b x=0.
15] E=6.25GeV \— LsF T 15
[ x=0.125 =1 I ;7 1 I ~
L - ] L B ] L , =

s 14 b 14 b B

s I 1 b 1 b i

O 1 1 1

NO [ ——— NLO Total: CTEQ6.6 ] [ ] [ ]

g 05F . . — wCTEQm 1 ¢ 1 ¢ -

5 ¢ 1t 1t 1

St 1 1 1

RS S I W WS S S U S W N R S PR D ET .

= 0 02 04 06 08 1 0 02 04 06 08 I 0 02 04 06 08 |

=

T e n e anaas B eaa o e I M e e

x r B r B [ : ]

o =045 1 =055 1 o, F x=0.65 ]

o 15 — 0751 94 ]

5 L ] L ] r 1

<t 1 F 1 o3fp B

o L 1 L ] [ ]

g i 1 0sp 1 F =]

S -3 r 1 021 E
0sp 7 oasp 1 o ]
ol lend gl b b bend g bbbt
0 02 04 08 1 0 02 04 08 1 0 08 |

y

M Sajjad Athar / Toup 2019



Differential cross section ratios: V;—A: arXiv:1911.12573
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Differential cross section ratios: V;—A: arXiv:1911.12573
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Associated Particle Production

(@) +p(p) — K* (p) + AP J
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Associated Particle Production

(@) +p(p) — K¥(pi) + A(P')

0 K (e >
() (P +a) AW »(p) ) A
e X
(a) I ()
~(a) K (o) @) K+ (pro) )
p(p) A (p) N*(p+aq) Ap")
o) X
(d) (e) o
5 ()

K+ (ro)
pp) Y —a) Alp")

M Sajjad Athar / roup 2019



THs

I

VN

JH| 50

JHler

ity F0') s AL (6000 4120 oMy ) uto)

2pH — gt
ity Fi0a) (5 1) ] utp) A0,

k
FA0 /

ied} F2Nwa(p) (WF?(O)H%M%) %;AMA su(p),

0 /_
iea® Py #0172 D givg, | AT i,

2Myo u=Mg,

—ieAcr Fera(p') ¥ 15 u(p),

0 D-—F
AL = .
- (52)

M Sajjad Athar

2019




+ + F>(0
Mo = ieas moyut!) pios ZEAEY (0412 ohen ) atp),
. (2p —a"
o m]umi)
- Mg
F0
Hln = ch f (u) y“l' 0)+i£0‘“qu wﬁ”’;u(/?
2M ufMA
0
0 50 0 F5 (0 P 4+M,
Mo = ieAy Fy (i) [ »FY (0)+127()6“qu LT sulp).
uX! MO u Mz(]
Hler = —ieAcr Fera(p') s u(p),
D+3F 50 (D—F)
A=A =AM=Acr=- s Ay = .
r e (BEE), (2
v
A general dipole form for Fy (x)
A}
F, =—F— 1t ——  Ap=052GeV Ag=1.1GeV
(%) iR M eV Ap e
Davidson-Workman[PRC 63, 025210 (2001)]
Fer = Fy(s) + Fi(t) = Fy(s) X Fy(1).
>

M Sajjad Athar / f Ali Toup 2019



KA branching  ggar

Resonances Mp [GeV] J 1 P r

(GeV) ratio (%)
S11(1650) 1.655+£0.015 1/2 1/2 — 0.135£0.035 10£5
Py(1710)  1.700£0.020 1/2 1/2 + 0.120£0.040 15£10
P13(1720) 1.675+0.015 3/2 1/2 + 0.250+0139 45+£0.5
P;;(1880) 1.860+£0.040 1/2 1/2 + 0.230£0.050 20£8
S511(1895) 1.910+£0.020 1/2 1/2 — 0.110-£0.030 18£5
P3(1900)  1.920£0.020 3/2 1/2 + 0.150£0.050 11£9

0.79
1.32
2.92
0.91
0.41
1.028
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KA branching  ggar

Resonances Mp [GeV] J 1 P r

(GeV) ratio (%)
S11(1650) 1.655+£0.015 1/2 1/2 — 0.135£0.035 10£5
Py(1710)  1.700£0.020 1/2 1/2 + 0.120£0.040 15£10
P13(1720) 1.675+0.015 3/2 1/2 + 0.250+0139 45+£0.5
P;;(1880) 1.860+£0.040 1/2 1/2 + 0.230£0.050 20£8
S511(1895) 1.910+£0.020 1/2 1/2 — 0.110-£0.030 18£5
P3(1900)  1.920£0.020 3/2 1/2 + 0.150£0.050 11£9

0.79
1.32
2.92
0.91
0.41
1.028

m The helicity amplitudes for the resonances S;;(1650), P3(1720) and

P13(1920) are taken from MAID 2011 while for the resonances

P11(1710), P1,(1880) and S1;(1895), the helicity amplitudes are taken

from PDG.
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. 1
Hadronic current for the s-channel processes where a resonant state R2
is produced

PHe+Mer

' ulp),
— M3 +iMgTg 2% ®)

14
FE = ienp) Sy
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. 1
Hadronic current for the s-channel processes where a resonant state R2
is produced

PHe+Mer

1 8KARL
oL Zi: Iy 2 F F —
Pl =8B ) 57 Pl T3 v ity 1P

The most general expression of the hadronic current for the s-channel

where a resonant state R? (with positive or negative parity) is
produced and decays to a kaon and a lambda in the final state

3
julzi _ o SKAR PTs
k Mk s— M3 +iMgTg

IV} _
“(p')P g (/)R)F‘;“i (P @)u(B).pr =p+4,
3

where I'y = 1(7s) for positive (negative) parity resonances, ggag is
the coupling strength for R — KA, where R, determined from partial
decay widths. My, is the mass of the resonance and I is its decay
width.
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Resonances Mg [GeV] J 1 P T G Gy
(GeV)
A’ (1405) 14055301 /2 0 - 0.0505+£0.002 —10.18 -
A" (1800) 1.800+00%9 12 0 — 0300£0.100 —4.0 -
K*(892)  0.89166+0.00026 1 1/2 — 0.05080.0009 - —0.18
K,(1270) 1.272£0.007 1 1/2 + 0.090=0.020 - 0.28
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Resonances Mg [GeV] J 1 P T G Gy G;(

(GeV)
A’ (1405) 14055301 /2 0 - 0.0505+£0.002 —10.18 - -
A" (1800) 1.800-£0 950 1/2 0 — 0300£0.100 —4.0 - -
K*(892)  0.89166+0.00026 1 1/2 — 0.05080.0009 - —0.18  0.02
K,(1270) 1.272£0.007 1 1/2 + 0.090+£0.020 - 028 —0.28

The values of G, G}, and G are fitted to the experimental data and
contains both the electromagnetic and strong coupling strengths.
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The hadronic current for the A* resonance exchange may be written
as

/
— +MA*
At le”(P)M —|—M Ouvq 5<u—M/2\*+iMA*FA* pryvslu(p)

Tu

with G = Kan+gpka+ /fxs Ma+ and T+ being the mass and the decay
width of A*.

The hadronic current for the K* exchange is obtained as

_ova Vv —""MZ* ‘
g%+ (p—p)"(p—p)* /My ) G;(*V“+M+M (B = P)¥a|ulp),

1= M2, +iMy= Ty

Ju|gs = ien(p)epvpod® (0 —p)° (

with Gy. = Kkk+gg+,/H and Gy = KKK* 8+ ap/ M- Mi+ and Tk are
the mass and width of the K* resonance,

v

M Sajjad Athar / rh group 2019



The hadronic current for the pseudovector kaon K| exchange in the
t-channel as

Julg, = iea®")gapq- (p—r") = qa(p—p)u]
L [ZE A -P) P /M,
t— Mg, +iMg, Tk,
Gk (4
< |Ghmis+ gy (8~ P uGo).

M+ My

with Gy, = Kkk- g, Ap /1 and Gﬁq = Kxg- g%l Ap /U. Mg, and T'k, are
the mass and width of the K| resonance, respectively.
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o vs. W for the process Y+p — KT + A
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o vs. W for the process Y+p — Kt + A: PRD in submission

3|||||||||||||||||||||||||||||||||||||||||||||

— Full Model
i === without 1650
XTI == without 1710
/ <= = without 1720
without 1900 1
=== without 1880 ]
- - == without 1895
o [ §_ -0 1 4 SAPHIR 1998
S ¥ ¢ SAPHIR 2004
b | > CLAS 2006

25k

ospd - RE

qi....I....I....I....I....I....I....I....I....I....'

22 23 4 25 26
W (GeV)

M Sajjad Athar /o arh group 2019



du)@

do/d cos0, " (ub/so)

GCM VS. cos GCMfOI” the process y+p — K+ A PRD in submission
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Hyperon production

Vi(k) +N(p) — I (K'Y + Y (p")

/ iokV v / 2 /
Vis'p) =172 Q)+ 37 Q) + i 5 ()

/ . v / 2gM /
Agp(p'p) = 87 (O ¥ +iouv s 37 3 85 P (Q%) + 57 L 1585 P (Q°)



Hyperon production

Vi(k) +N(p) — I (K'Y + Y (p")

/ ic"Vq, / 2 /
VéB@’,i);ff O+ gy H(@) + gt /5 P (Q%)
/ N\
Vector FF Magnetic FF Scalar FF

/ . v / 2gM /
Agp(p'p) = 87 P(Q) ¥ +iouv¥s 373 85 Q%) + 57 L 1585 B (Q°)

Axial vector FF Electric FF Pseudoscalar FF
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O Vs E\—,u ;. Phys. Rev. D. 98, 033005 (2018)

Vut+tn—pu +p

-IIIIIIIIIIIIIIIIIIIIIIIIIIIII-
120
o
e ok —— M, =L026GeV, 2 “(0)=0
Q 4
e ———M-llGeVg7 0=0 ]
2 o - M =126V, 0020 ]
b M = R
JF M, = 1026 GeV. ) 0=1 1
—--M -1026GeV,g7 0)=2
bl - M, =1026GeV, g (0)=3 ]
-IIIIIIIIIIIIIIIIIIIIIIIIIIIII-
O0 0.5 1 1.5 2 25 3

M Sajjad Athar

E, (GeV)

3

rh group

2019

\_/“—|—p—>,u+—|—n

TIT T [TITT[TIT [ TIiT[T1TT11]
PR

. 25
E (GeV)

3



Polarization components vs Q for the process
Vu+p —> W+ A: Front. in Phys. 7, 13 (2019)
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Polarization components vs Q for the process
Vu+p —> W+ A: Front. in Phys. 7, 13 (2019)
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Polarization components vs Ey,, for the process

Vi +p — U+ A: Phys. Rev. D. 98, 033005 (2018)
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