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* Application to Light Mesons

* Light mesons with qq + qqg
* Light mesons with qq + qqg + qqqq

e Conclusion & Outlook



Basis Light-front Quantization

* Nonperturbative eigenvalue problem [Vary et al, PRC 2010]
P~|B) = Pg|B)
* P7: light-front Hamiltonian

* |[B): mass eigenstate
. Pﬂ_ : eigenvalue for | )

» Evaluate observables for eigenstate

0 = (p|0]p)

* Fock sector expansion

|meson) = a|qq) + blqqg) + clqqqq) + d|qqgg) + -

* Discretized basis
» Transverse: 2D harmonic oscillator basis: ®3 ,,, (5 ,).
* Longitudinal: plane-wave basis, labeled by k.
* Basis truncation:
Zi(zni + |ml| + 1) < Nmaxa
ik =K.
N, ax, K are basis truncation parameters.

Large N4, and K : High UV cutoff & low IR cutoff

20247828 0B YIRS IR 100845 575N 3



Light-front Hamiltonian

QCD light-front Hamiltonian can be derived from QCD Lagrangian:
Loco =BG —m)p — 7 GG Wy Pocy = Hy + H, At =0
N KLY FEM LIS
H; =g [ d®xyy,A* 1/;
+1g2 [ dPx Py At Loy, Avy
—ig? [ d*x fOPy T s (104 AL AL

1 - 1 -
+59° J Pxpy T oy Yy TN
+ig [ d3x fPCioHAVEA) A

1 .
— Egz f d3x fabc fade la+A#A”C oT (la+A+Ave)

+-g2 [ d®x fObC fFode ALAYA, Ay

—>—8—>—
(e
(e
(@
—
[
(e

<,

Y: quark field operator

Ajj: gluon field operator
2024%F7H2H B F YRR AL IR 1005345 3 R 30 4



Take a reViewJ

PDFs for light mesons  Imeson) = q@) # -

kK2 +m

2
q

k2 + m2

H.cc =
eff ”

Diagonalizing Hefr [und L2l Initial PDFs

-+ T4 k*x(1—x)72 —

1—x

4
NJL

5 0 (x(1 —x)0,) + H g

ol Sl cvolution

06 Pion PDF ., Valence u PDF Kaon/Pion
i \\ LFHQCD — Valence L
05—~ BLFQ-NJL =—— Valence
- \\ ----- Sea
04 = Gluon
s 5 E615 data . i ~
el v E615 Mod-data | s --== GRS, NLO T
: 2 ) z | £ 05— sms BSE
> u? =16 GeV S | —— BLFQ-NJL \
0.2 0.4 CERN NA3 ‘
- u? =20 GeV?
0.1 Sl
0 L | . | i | . |
0 0.2 0.4 0.6 0.8 1 02 0.4 06 08 1
& X

[J. Lan et al, PRL122, 172001(2019), PRD 101 (2020) 034024]

2024F7H2H
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Agree with experimental results
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Light mesons up to |qgg)

meson) = |qq) :+ .« [J.Lanetal, PRL122, 172001(2019)]
[J. Lan et al, PRD 101 (2020) 034024]

Imeson) = a|qq) + b|qqg)+ -

[J. Lan et al, PLB 825 (2022) 136890]
[Z. Zhu et al, PLB 839(2023) 137808]
[S. Kaur et al, PLB 851 (2024) 138563]

20247828 0B YIRS IR 100845 575N



Light mesons up to |qgg)

i[meson) = al|qq) + blqqg)
P~ = HKE T Htrans + Hlongi + HInteract

+m
HKE—Zpl 1

Hirans ~ KTr ---Brodsky, Teramond arXiv: 1203.4025
Hipngi ~ — z xﬁaxi (x,-x,-ax]_) ---Y Li, X Zhao , P Maris , J Vary, PLB 758(2016)
J]
gZCF 1

Hnteract = Hvertex + Hinst = 917} YT ¢ Aﬁ + 2 j+ (ia+)2j+

S
We allow an independent quark mass my in the vertex interaction.
[PRD 45 (1992) 3740-3754]

[J. Lan et al, PLB 825 (2022) 136890]

20247828 0B YIRS IR 100845 575N 7



Mass splitting between w — p?

‘“...how one can obtain a massless 7
meson in such a picture without mg

having at the same time a massless p: > ?{%

The key observation to resolve this spin-flip
problem is that one needs to find a C
mechanism which dynamically (o)
generates a large helicity tlip N e
amplitude.” \(‘plp: P) )
[M. Burkardt, PRD 58 (1998) 096015] up.A) = (1) \
le: P’) ifA=—1/2.
_p
[J. Lan et al, arXiv: 2406. 18878 ] \ lpif ]




T — p mass splitting .VS. ms

mass?

0.6/ 2=

—e— pion o

0.4/
0.2/

0.0

-0.2|

-0.4]

-0.6
Nmax = 14, Kmax = 15, M; = 0:

my mq = 0.39 GeV, m, = 0.60 GeV,

Kk = 0.65 GeV, b = 0.29 GeV,
a = 0.293, mgf = 5.69 GeV

20247828 3B T IR L 41 IR 1005845 55 E 5



Light meson mass spectrum

DC
2000 Normqq |Mev]
! T 0492 151
i 0.486 141
1500 ey
I 2(1320)  Go(980) 0370 0
; brt et ‘ S b; (1235) 0.30 0
s I
=S 1000¢r m— a; (1260) 0.324 13
[— | ao
= m(1300) 0284 59
- a, (1320) 0320 0
500+ Nmax = 14, Kimax = 15, M] = 0:
I mg = 0.39 GeV, mg = 0.60 GeV, mq (1400) 0.002 0
| k = 0.65 GeV, b = 0.29 GeV,
I @ a = 0.293, mf = 5.69 GeV p(1450) 0312 50
0 0+ 0L+ 1 I—— 1 ;-— 1 L+ 1 l—+ 2L+ JIIDC
_ o Fix the parameters by fitting six blue states
imeson) = alqq) + blqqg)+ - « 1,(1400) : |qqg) dominates
[J. Lan et al, PLB 825 (2022) 136890] * m(1300): the DC is smaller than the DC of plOIl

20244E7H82H 2R IR E L 1L IR 1005845 5 BD



The LFWF in qq Fock sector

N _ _
W= D @D | | S @b |7y = alqq) + blqqg) + -
=1

abipAd _
{nim;} L

Probability gg =0.486

Wi a(x,pL)[GeV']

* Atendpoint x, Y ~ p, : lightly narrow 1.0
 Atmiddle x, Y ~ p,: alittle bit wide

2024475 2H 5B YRR 410 TR 1005345 375 51 11



Pion form factor
[Brodsky & de Teramond, PRD 77(2008)056007]
(Y@OEm(OI¥ () = (p +p)* F(Q?)

_ _
|m) = alqq) + blggqg) i+ -

1 0.6
—— This work !
'. + Amendolia 86' 0.5 .
0.8 o Bebek 74 = T
Ao Bebek 76' = EI] |
i v Bebek 78" 3041
T = Volmer 01' g |
<) Horn 06' ‘\‘0,0-3_
L 04} O Tadevosyan 07" ~ [
0 Huber 08’ e 115
0.2F S
: 0.1
| L 1 l 1 L Y
W 1 2 =B @4 B % 1 2 B # b
Q° [GeV’] Q? [GeV?]
* FF is in reasonable agreement with experimental data
* F(Q? o< 1/ Q2 for large Q? [J. Lan et al, PLB 825 (2022) 136890]

20247828 0B YIRS IR 100845 575N 12



Pion PDA

[Ruiz Arriola & Broniowski, PRD 66(2002)094016]

* Endpoint behavior almost agrees with pQCD

- FNAL—E-791 |

0.8: ‘

—— BLFQ /102 .
.- BLFQ p?=10GeV? \
02 04 06 08 10
X

_ — 1
) = alqq) + blqqg) i+ -

[PRL86. 4768]

Preliminary

* Consistent with FNAL-E-791 experiment on Drell-Yan (pion-platinum) process

2024F7H2H

5B YRR 410 TR 1005345 375 51
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Pion PDF at model scale

PDF,, (BLFQ)

—— u quark

--+-- uat|qgg)
—+— Gluon

large x

.u(%BLFQ = 0.34 GeVZ (x>gluon = 0. 216; (x>valenceu = 0.392 (1 _ X)1'4

[J. Lan et al, PLB 825 (2022) 136890]

202457 H2H 38 F IR & IR 1008845 BSE B 14



Pion PDF with QCD evolution

0.6
This work (black) BLFQ-NJL (red)
0.5 — Valence
B T U U T T Sea
0.4 —-  Gluon
i E-0615 data
U, 12 =16 GeV?
0.2 AN
0.1
0
0.8~ —  This work
b - JAM 18’
0.6 —.  xFitter 20'
] 12 = 4 GeV?
04
0.2
% 6 08
20244E7H82H

_ — A\
Im) = alqq) + blqqg) i -

e Large-x behavior (1 — x)177
closer to pQCD

* The gluon distribution
significantly increases

BLFQ 0.483 0.421 0.096
BLFQ-NJL 0.489 0.398 0.113

[BSE2019°]  048(3) 0.41(2) 0.11(2)

1 [J. Lan et al, PLB 825 (2022) 136890]

38 F IR & IR 1008845 BSE B 15



[/Y production Cross section wEN-J/y X

sz 2Mcc ~ 2,2 2\ fmE 2y £N 2
|]/1/J F = 0ij (s, me, ug, Ur)fi (x1rliF)fj (%2, HF)
i 2m 5  AMZ-
J=4,9.9 Xf + —CC
S [nCTEQ 2015]
[ 42ndf=0.38  CERN-WA-011 ||  »?/ndf=5.00 FNAL-E-0672,0706
c 1 F=0.039 IS=189GeV |[f F=0.029 /'S =31.1 GeV
§ - n +Be n+Be
é ol i * Significant gg contribution
o) - C
= —  Total — Total  Various energies of pions
577 =2 N\ i | |
E ........... e Y A VR N * Various targets (Be, p, L1)
1073 '
_ ¥?/ndf=0.51  CERN-NA-003 | x?/ndf=2.47 FNAL-E-0705
S 1 F=0034 IS=19.4Gev [ F=0.037 /S =23.7 GeV . .
2 : L Agree with experimental data
2 10° (FNAL E672, E706, E705,
2 CERN NA3,WAI1).
><LL10_2
S
S
S 10 \
05 0 x 05 1 0 x 55— —1 [J. Lan et al, PLB 825 (2022) 136890]
F F

20247828 SR F IR LI IR 1008855 5 VAN 16



Mass splitting between w — p?

‘...how one can obtain a massless 1
meson in such a picture without

having at the same time a massless p: ] %

mg

The key observation to resolve this spin-tlip
problem 1s that one needs to find a
mechanism which dynamically
generates a large helicity flip ( A=+
amplitude.” o @' -
[M. Burkardt, PRD 58 (1998) 096015] ’ / (1)
lpp:p ) ifl=—1/2.
ims
[J. Lan et al, arXiv: 2406. 18878 ] \\ p_+ /
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Observable effect with mf‘?

|

[ I

|

BLFQ

Model |
— — Model ll
— = Model lll

a low-x peak ?

[J. Lan et al, arXiv: 2406. 18878 |

2024F7H2H

0.4 0.6 0.8 1
X
Model  m,[GeV] mg[GeV] m,[GeV] 1-Py
I 0.390 0.390 0.600 0.508
II 0.390 5.69 0.600 0.508
I 0.255 0.29> 0.638 0.300

SR T YIIETE R iR 100ER4F A A =)
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Pion ggg BLFQ .vs. BSE

We introduce a LF model:

|Meson) = |qq) + |9q9) ms
"[’(Sq 2 Sq,/{) _ [ (Sq,Sq) ]
qqg(iq.ig.a) M2 M2 qq:(ig-ig) I’
0,998

V: interaction connecting gq and qgqg sector

Vlﬂﬁi_q,’;tl)i_ - 8s Tla” W/(s 81)( P, p‘:) B
Vit =5, Z o * To get the LFWF for |qgg)

R g V2 based on the LFWF for |gq)

qq:(i1,iz) c] £y -xg

3 T T g p T, (e o) with the interaction V.

[J. Lan et al, arXiv: 2406. 18878 |

20245 7H2H SR F AR LR IR 100884 A E 5N 19



Pion ggg BLFQ .vs. BSE

To get LFWF for |qgg)

15 -

uval(x)

05 |-

0 ) L ] L |

|

Power-law
|gqg>, BSE
—— |qg>, BLFQ _|

0 0.2 0.4
X

0.6

0.8

BLFQ: [PLB 825 (2022) 136890]
BSE:  [PRD 103 (2021) 014002]

[J. Lan et al, arXiv: 2406. 18878 |

2024F7H2H

[Phys. Rev. D 50 (1994) 6895]

Take a power-law form for simplicity:

S

— m21

Ao,eff(xq'pql)/4 mg
B2

p?”_+m§l+ P%J."‘m%

Ppi(xg PgL) =N |1+

AO,eff (xqr qu_) =

Fitting the valence PDF of both the BLFQ
and the BSE:
s=14
p/mg; =1.16

SR T YIIETE R iR 100ER4F A A =) 20



| ' | K I

= BLFQ
12 :_ /N Model |
E 1 R — — Model Il
s b8 Y — = Model Ill
o b — .-+ BSE

Model II: input from BLFQ PLB 22°
Model III: input from BSE PRD 21°

Model I .vs. II: bump is related to large value of my 11l

Pion ggg BLFQ .vs. BSE

1.5

|
—— |93>, BSE

— =— Non-valence, BSE 1

= *** Model Il, |gqg>
= == Model lll, |ggg>
—&— |qg>, BLFQ

| 1 I 1 - h ‘i
0.2 0.4 0.6 0.8 1
X
mq[GeV] mf[GeV] mg[GeV] 1-P,y
0.390 0.390 0.600 0.508
0.390 5.69 0.600 0.508
0255 0.255 0.638 0.300

Model II agrees with BLFQ: a large bump at low-x is reproduced

BSE result differs from Model III: BSE result contains contributions from ggng, where

n=172,..,0

qqg Fock sector is mostly important at small- x

2024F7H2H

5B YRR 410 TR 1005345 375 51

21
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Impact of m, on pion PDFs:

Pion ggg BLFQ .vs. BSE

I |

- T T B . B T I T
14 F - ; BLFQ ]
k ::oge: ::’m9=866‘;vv ] 14 | Model I, m;=0GeV
A — — Model Ill, m, = 0.6 Ge - - :
EEy % e K L i RN g o F — — Model Il, mg = 0.6 GeV
. w3 2 - — += Model ll,m;=0GeV
N VA R Model l, m =0638Gev ~ { [ Model Il m, - 0.638 GeV ]

0.8 I
(@]
-

0.6 |

0.4 PR B

0.2 :

0
0 0.2 0.4 0.6 0.8 1
X X

Model  m,[GeV] my[GeV] my[GeV] 1-P,y

' I 0.390 0.390 0.600 0.508
Model II: input from BLFQ PLB 22° II 0.390 5.69 0.600  0.508
Model III: input from BSE PRD 21° = i oo Gy 00

An increase of my leads to a shift of quark PDF to lower values of x
A larger m, gives a gluon PDF shifted towards larger- x

Perturbative results agree qualitatively with the BLFQ [J. Lan et al, arXiv: 2406. 18878 |

20245 7H2H 5B YRR 410 TR 1005345 375 51 22



g(xv _t)

Pion GPD

[M. Diehl, Phys. Rep. 388 (2003) 41-277]

_ _ |
7} = alqq) + blqqg)+ -

g = 0.0 =5 [ e (rp+5la(-9)ra(3) P 5.0y
B z,=0 AT =0
H2n€ = 0.0 =5 [ e ur 3o (-3) 62 (5)fnr -3,
z,=0

Gluon |qqg)

08 0-0
* Falls slowly at larger x P 1 .
* Emerge at larger x range for larger —t Ire 1m1nal'y
* Increase in low-x region (because of my) [K. Fu, et al, in preparation |

2024475 2H 5B YRR 410 TR 1005345 375 51 23

1.0



Pion TMD

[Boer & Mulders PRD 57 (1998) 5780]
[Pasquini et al, PRD 90 (2014) 014050}
1 (dz d?z, . _

q —__ L i(z k"’—zk)< —(_Z\. .+ (Z >
e =[S0 i o (-3 Q)

_ ~ |
Im) = alqq) + blqqg)+ -

1 dZ_dZZJ_ ei(z‘k"'—ZJ_kJ_) <7'[, P|G+# (_ %) G/j (%) |T[, P>
zt=0

fi k) = xP* (2m)3

j‘:; 21‘ 08
* 1.}*,; 06
1% 4
0.0 04y [Gev)
e The TMD decreases with k| Preliminary
* Vanishes after k; ~ 0.6 GeV
* Increase in low-x region (because of my) [K. Fu, et al, in preparation ]
24
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Light mesons up to |qqqq)

[J. Lan et al, PLB 825 (2022) 136890]
[Z. Zhu et al, PLB 839(2023) 137808]
[S. Kaur et al, PLB 851 (2024) 138563]

meson) = a|qq) + b|qGg),+ -+

S

_ _ E—
[meson) = alqq) + blqqg) + clqqqgn+ -

[J. Chen et al, in preparation |]

20247828 0B YIRS IR 100845 575N 25



Light mesons up to |qqqq)

Imeson) = alqq) + blqqg) + clqqqq)
P~ =Hgp +Mi + Hpnteract

+ m?
Hyp = Zpl q
g°Cp . 1 + .9 CF 14

Hnteract = 917) YT Y A[C,lt + 2 ] ml ¢yﬂAu ig+ Ay'yY

T =L
We allow an independent quark mass my in the vertex interaction.
[PRD 45 (1992) 3740-3754]

[J. Chen et al, in preparation |]
2024477264 BT YR L I R 10047 5 2



Light meson mass spectrum

1.75 [ [ [ [ I I ]
1.50F AR 29(1450) =
K ,;(']'3:(');)) """ a,(1320) ]
1.25F —— p(1235  fag2e60y ]
% E £,(980)
) 1 .OO:— S —:
A [ ] my
s 0.75F —
= i ]
0.50F -
K mmm PDG ]
K BLFQ ]
0.25 E 1l -
0.00: @ | | | | | ]
O—+ -I - 1 +- O++ 1 ++ 2++ 2—+
_+ —
Y'Y ) (Gev) |y (GeV)| my (GeV) | g
8 7 0.271 1.23 5.58 5.785 130.25 MeV 130.2MeV

Fix parameters by fitting states (7, p, a1(1260) ) and DC of pion

[J. Chen et al, in preparation |
2024477 2H 58 T Y)IR 7E 2 1L IR 100885 A TE 5 27



T — p mass splitting .VS. ms

m3332
3.5

3.0
2.5
2.0
1.5
1.0

0.5

0.0

1 2 3 4 5 6

8 7 0271 1.23 5.58 5.785

[J. Chen et al, in preparation ] * Alarger mg provides m — p mass splitting
20245 7H2H BT YIRS R R 100835 51 SE B 28



Strange meson mass spectrum

meson) = a|qq) + b|qqg) + c|qqqq)

2.00p

1.75F

_._.
N
v o

Mass [GeV]
5
o

0.50F

0.25

0.00"

|| (G m(GeV)m, Gev)| m,(GeV)| g [

qq
SS

qs

0.75F

ipead erH
(27

]

£,(1525) $78)

£(1420
hw)fo(]370) PUEZY —

msm PDG

11111 BLFQ M,=0 N8K7
BLFQ M,=1 N8K7

11111 BLFQ M;=2 N8K7

11111 BLFQ M,=3 N8K7

0

1—-

17

7 0.271

7 0.271

7 0.271
20244728

o+t 1++ D+ 2+ 2 3--

1. 2306 - 5.58
- 1.2659 5.58
1.2306  1.2659 5.58

38 F IR & IR 1008845 BSE B

2.00(
1.75F

1.50F

Mass [GeV]

0.50F
0.25F

0.00%5

5.785
5.785
5.785

1.25F
1.00F

0.75F

| | | | | | | ]

Ko(1820) 41780 ]

K*(1680) e g

— Ky6Waz0)  suanii ]

217y ammama 4

K(1460) 4 Gdy  wammss  ssssss . T .

swmsas (HT3T0) K1(1400) AF(1430) K2'(1430)  FEME .

K(1270) E

K* N i

e Kp"(700) E

s PDG :

K- Il BLFQ M;=0 N8K7 ]

BLFQ M=1 N8K7 ]

Il BLFQ M=2 N8K7 1

11l BLFQ M,=3 N8K7 ]

] | ] | ] | ] ]
0 1- 1* 0* 2* 2" 3" J?

Agree with experimental data:
K, K*(892), K(1460)

[J. Chen et al, in preparation |
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LFWF in gq Fock sector

Probability gg =0.786 Probability qg =0.813
IT—T! dominant in |qq) IT+T! dominant in |qq)
99.89% 99.98%

T p

Wri_yr(X,k)[GeV]

* Atendpoint x, Y ~ p, : lightly narrow
* Atmiddle x, Y ~ p;: alittle bit wide
* Oscillations: HO basis artifact in transverse direction [J. Chen et al, in preparation |

2024475 2H 5B YRR 410 TR 1005345 375 51 30



Pion and rho PDASs

3 1 I I 1 ] 3- I I 1 I 1
2.} . 2.} .
x ] X ]
E [ g < [ ]
© ] ©
1.F . 1.F .
L — 6%(1-x),pQCD : : — 6x(1-x),pQCD -
B = A x(1=x) .AdsiQCD ] i —= A x (1= x) .AdsiQCD 7
. - . . . .
O- " 1 M 1 " 1 M 1 " O- " 1 M 1 " 1 M 1 "
0. 0.2 0.4 0.6 0.8 1. 0. 0.2 0.4 0.6 0.8 1.
X X
. ITOWEr compar D : :
Narrower compare to pQC [J. Chen et al, in preparation ]

20245 7H2H 5B YRR 410 TR 1005345 375 51 31



Pion form factor

(Y@INim(O)I¥ (@) = (p+p)* F(Q?)

o Amendolia 86" - Fen™ (@*)|aq) [ !
Volmer O1°' FEMm(QZ)lqag) O. 5 i ]
Horn 06’ A o ] e ]

& Tadevosyan 07' --- >00*Fen™ (Q )quuu)_ % r {

o Huber 08' 5% SOO*FEMH’(QZ)lqada): E. 0_4— " % I -

- — < |
\ - 5004Fen™(Q?) [aTs3)] o 0.3
%\i — Fem™ (Q?) total +':"’

i =

R Zo0.2
-

N 0
0.1
0

o 1 2 3 4 5
Q°%[GeV?] Q°%[GeV?]

\/(r_z) = 0.973 fm

« FF is in good agreement with experimental data at lower Q2

[J. Chen et al, in preparation |
2024477264 BT YR L I R 10047 5 32



Pion PDFs

1 | | | -

® total E

3 :- ® |q7) _:
:_ * |479) _:

C A |qqum) .

2 C W |¢gg7dd)

’__

e |y Amri S N

syl m e

0.4 0.6 0.8

X

* alow-x bump (because of my)
e  Larhe-x behavior (1 — x)33 closer to pQCD

[J. Chen et al, in preparation |

20245 7H2H 5B YRR 410 TR 1005345 375 51 33



Pion GPD

6 =00 = [ o (o 8o (D) a (B -

2) 2m
z;=0 A+ =0
1 (dz= . _+ _ A Z z A
e =00 =5 [ S fnp+ glo (- 3) 6t (3) [P - 9),0
z,;=0

[M. Dichl, Phys. Rep. 388 (2003) 41-277]

10’

[J. Chen et al, in preparation ] *  Increase in low-x region (because of my)
2024££7A2 8 38 F YRR 1004 B T 34




Pion TMD
1 (dz~d?z;

frcek) = [ L0 e ol (-5) o (3) .7

zt=0

flg(x, kl) _ 1 f dZ_dZZJ_ ei(z—k+_zJ_kJ_) <7‘[,P|G+I'L (_ %) Glj- (%) |T[, P>z+=0

xP+* (2m)3
[Boer & Mulders PRD 57 (1998) 5780]
[Pasquini et al, PRD 90 (2014) 014050]

3 Quark
Gluon

1.0

054, [GeV]

"

L

[J. Chen et al, in preparation | *  Increase in low-x region (because of my)
202447828 BT IR IR 100 IS B 35



Conclusion & Outlook

BLFQ : A non-perturbative approach based on light-front QCD
Hamiltonian

LF QCD Hamiltonian = Wave functions = Observables

Solved for light mesons structure based on qq + qgqg + qqqq Fock
components

An independent quark mass in vertex interaction (my) provide a
large m—p mass splitting

A larger my retlects a bump at low-x quark PDF and gluon PDF
shifted towards larger-x

BLFQ results qualitatively agree with BSE results

|Meson) = |qq) + |qq g) + 1qq qq) + Iqﬁlgm
+199 qq 9) + lqq 9g99) + |gg)+ -
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