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Thursday, June 7: Power counting: Beyond Weinb%g (?)

Th e e I ep hanT 9:00 | H.W. Griesshammer: TEA \

9:40 | U. van Kolck: TBA N~
10:20 Coffee break

10:50 | B. Long: TBA

11:30 | S. Kénig: Nuclear physics around the unitarity limit

12:10 Lunch

14:10 | C.-). Yang: Examining chiral EFT potentials with Lepage plot

14:50 | M.P.Valderrama: TEA

15:30 Coffee break
16:00 | Discussion: Power counting, regularization, renormalization, and related topics
17:00 End of day 4
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Friday, June 8: Constraining nuclear forces from lattice QCD calculationk )
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= 1996: Chiral-symmetry breaking interaction, absent according to
Weinberg's power counting, needed in 'S, channel at LO
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- D.B. Kaplan, M.J. Savage, M.B. Wise, Nucl. Phys. B 478 (1996) 629




S.R. Beane, P.F. Bedaque, M.J. Savage, U. van Kolck, Nucl. Phys. A 700 (2002) 377

B. Long, C.-J. Yang, Phys. Rev. C 86 (2012) 024001




= 1996: Chiral-symmetry breaking interaction, absent according to
Weinberg's power counting, needed in 'S, channel at LO
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= 1997: Nonperturbative treatment of higher-order interactions

beset by RG problems

e.. Loger = +C, NP NNTP VEN ..

= Wigner bound

T.D. Cohen, D.R. Phillips, Phys. Lett. B 390 (1997) 7

K.A. Scaldeferri, D.R. Phillips, C.W. Kao, T.D. Cohen,
Phys. Rev. C 56 (1997) 679




= 2005: Derivative contact interactions, down two or more orders
according to Weinberg's power counting, needed at LO in
(triplet) channels with attractive tensor force where pions
are iterated to all orders

e.0. Loerr = +C/N'P_N (ﬁN)*ngﬁN +...

P 1 nonperturbative / 1
DA G, _O[fﬁzMéCD} VS renormalization 2 =¢ e

A. Nogga, R.G.E. Timmermans, U. van Kolck, Phys. Rev. C 72 (2005) 054006

M. Pavon Valderrama, E. Ruiz Arriola, Phys. Rev. C 74 (2006) 064004
C.-J. Yang, C. Elster, D.R. Phillips, Phys. Rev. C 77 (2008) 014002




= 2012: Two-derivative contact interaction, down two orders according
to Weinberg's power counting, needed in 'S, channel at NLO
(i.,e. ONE, ONE, ONE, ONE power down)

Loerr =-..+C,N'P . NN'P VAN +...

1SO

B 1 nonperturbative _ 1
NDA C,= O[fﬂzTéco] VS renormalization C2 = O( f>*M ]

B. Long, C.-J. Yang, Phys. Rev. C 86 (2012) 024001

Y.-H. Song, R. Lazauskas, U. van Kolck, Phys. Rev. C 96 (2017) 024002
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P.F. Bedaque, U. van Kolck, Phys. Lett. B 428 (1998) 221
U. van Kolck, Lect. Notes Phys. 513 (1998) 62

D.B. Kaplan, M.J. Savage, M.B. Wise, Phys. Lett. B 424 (1998) 390
D.B. Kaplan, M.J. Savage, M.B. Wise, Nucl. Phys. B 534 (1998) 329

For more, see talk by




» Chiral EFT with perturbative pions 6')%\

7
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D.B. Kaplan, M.J. Savage, M.B. Wise, Phys. Lett. B 424 (1998) 390
D.B. Kaplan, M.J. Savage, M.B. Wise, Nucl. Phys. B 534 (1998) 329
» Chiral EFT with partly perturbative pions
Mip ~ My, M, NDA except when running dominated by pions,
M. ~M —47f m i.e. low waves where OPE tensor force is attractive
hi QCD = P

A. Nogga, R.G.E. Timmermans, U. van Kolck, Phys. Rev. C 72 (2005) 054006

For more, see talks by
Long, Pavdn, Yang (?)
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Walking out of McDonald's...
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Mid-term quizz

1) We should power counting where?

a) The potential
b) The scattering amplitude

c) Both

d) None of the above

2) We should count powers of what?

a) Q/ f_
b) Q/(4xf)

c) Both

d) It doesn’t matter which
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NDA, more generally
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Are nuclear amplitudes perturbative?
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Are nuclear amplitudes perturbative?
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9 1.(4) ( o/ s ) Phys. Rev. C 95 (2017) 054001
but regular pot, so can be resummed without RG penalty
Channel |pe; /MeV || Channel | pe; /MeV || Channel | pe, /MeV
351-*Dy| 66 3 P 182 P 365
triplets 3Py3Fy | 470 3Dy 103 |IPDs-3G3| 382
3 Fy 2860 SEu-SHy|l 2330 3Gy 1870

M.C. Birse, Phys. Rev. C 74 (2006) 014003

For more, see Long's talk




When OPE's tensor force is attractive and resummed,

1

V(r)oc—r™ ®m  w(r)ecr 4cos B |
JM T
if no counterterm, will depend on cutoff

10° - 10° . 10°

10° 10 P 10* 2 "a 2 R R R

10T‘ 107‘ ’ 1oj‘ :{P?. _:,’FE V ( p” p) _) fn ( p,/A)V ( p,7 p) fn ( p/A)
fo / izf // ‘ // f,() =exp(-x"),n=2,4,6

iiilo | o P igio ... . 1 Y.-H. Song, R. Lazauskas, U. van Kolck,

. AlGeV] . A [Gev] Aloev] Phys. Rev. C 96 (2017) 024002

10° 3 10° 3 .
10* "Dy 10° D3 — G 20 , , , ,
< 10° 103
% 107 10?2 —TT T
o 10° 10° Pt
10° 10°
107! 10t ¢ L
1075 3 3 & 10 107 3 3 & g 10 :
A [GeV] A [GeV] —30p ¢
40 2 4 6 8 10
100 100 30
n=4 (similar for others) o A A e - o]
R A 3
E_ =10,50,100,200 MeV = S . Pl _
lab ) ) ) e -50 E: 21 s i
] e
- “hM : - ﬁ- ~106g Z 3 6 ] 10 100 2 3 6 g 10 2% 2 3 3 ] 10
- . T—— ﬁ o ] A [GeV] A [GeV] A [GeV]



—0.06 2.0 2.0
. . ol 2 2
FOIIOWIng Blrse —0.07L 15 CES’ [l[] MeV ]' 1.5
1.0
~0.08| 05 1.0 Cp, [107% MeV ]
—0.09} 0.0 0.5
-0.10} -05 0.0 "
LO A 2 2 -ho
-0.11} Ci, [107° MeV ] -0.5
: -1.5
—0-125 2 4 6 8 0 2% 2 4 6 8 0 % 2 4 6 8 10
0.5 0.20
0.15 0.4
14 ]
0.0} 0.10 Cip, [1077 MeV 7] 0 Cop, 110716 MeV ]
0.05
—0.5 0.00 0.0
—0.05
—0.2
—1.0} { —0.10
—0.15 _pa
—15 0 2-2% 2 4 6 8 10 0 2 4 6 8 10
A [GeV] A [GeV] A [GeV]
10° 10°
10" 10" o
, ) 10} | 102 index||1Sy; LO|?S; LO|l > 0 LO||1Sy; NLO
S, — "Dy 10? 102 - - - -
10! 5 10t 5 X (I) 010 010 010 010,020
10° !P(] 10° 'PQ_!FZ N ) ) -
10t 10" (II) 05 o 05 05,010
s ; s . 10?2 - ; . s 1072 - ; s -
z g 3 8 10 ) 7 3 3 10 0 2 g 3 8 10 N
A [GeV] . A [GeV] A [GeV] (III) s ag 410 (s, Ts
q 1o
\ 10° \ -
3 3 : IV 43 E ) g, T
D2 104 D:i e i(;:fr ( ) s d 5 St s
k 10°
10
10t
10"
10"
] g & 8 10 107 ] 4 3 ] 10 o
A [GeV] A [GeV] ==




10 15 -z

63 wee—mass 10 . —

] 1
s N —4 P
= a

a
=y
T .. 4
=45 5L e ————
o g Y
40 —10 Fy 1
35
—1s -1z
30 =
3 . . . \ —z0 . . \ \ . . . \
% H ] I ] 10 ] ] o H 10 ] ] [ ] T
a 25 30
I I
-5 Pl 24 25
______________________________ 20
=14 15
3 15
= -1 10
. “ 3
—20b 0% ] 2
—at 0.0 a
i ] 4 [ 4 10 F] 4 b H 10 ] F] ] W ] 1
0.0 0.0 0.4
—&= -5 0.7
o
-14 c8 l(.u
0.5 T4
-15
0.4
20
0.3
25 0.3
—4.40 a
] 2 4 I 4 10 F] 4 U H 10 F] 4 ] ] 10
A [GeV] A JGeV]
i
5
2 Ty
gy
-
2
1
% 4 10

A TGeV]

E,, =10,50,100, 200 MeV

110 0 — 10
1wk . 4 j
—5
el e ] 4
sof -10 ] €1
=1 I} 4
o smasaas -15 ¥
- 3 y ]
® saf -20 i} 4
2al ag 3
l[5‘[ —25
aaf F
25 F] ] ] W 1a 0 ] ] b u 10 ]
24 1.4 4.0
ar 1.2 - 15 1
rab 3 .
: 1.0 F; =R E
sof "
— 5 g
o sat a.8 iy
-, Py e L5 J
aof et :
g 0.4 1.0 £g 4
sal - R . 2
L 4 8z 0.5 g
a 0.0 0.4
] F] 4 b ] 1 a F] 4 b H 10 ] 4 [ H 10
b 0.0 o
T —0.5 -1 1
r 10 - 1
— 3 =
o Dﬂ- T -1 ]
—L5 T3
2 3l | j
<
W -0 s £q |
ak -5 4 i
=1 =1.0 =7
] F] ] b " 1 a F] 4 b H 10 ] ] [ H 10
04 T T T T 0.35 T T T T L3 T T —
gzl T - al s
030 Lé i
dar 028 . a8 £y
=015 o - b
= 020 II—J
Yaoal 0.5 B
g 015
o 03f
o1 0.4 j
gl oo} .
a1l 0.0% 0.2
04 \ | , 000 . . \ .0 \ .

2 < [ 4 10

A [GeV]




saapassamEnfiapLEry f
3
Fy
- = T
S ..
Lg e,
—] o 4
I.5|:| . ey 10 ‘-::"‘-1--|-M;_,_"-___";-_:
-5t ’ g
- = h‘ i
- —1af ", 1 .
— - —20 Pl -,
10t —q =15}
-0 =2
a 50 100 150 200 ] 50 100 150 T 50 100 150 200
) | 30
.l =
! - 3
=-r HF r‘d-. ?
i -
o —11 ar - o
=/ o -~
-
k] 2l /-’ Dz 15 ]
= =15t e //_/ 10 -1-D2 |
2k - SRTY LT
il 3 .l"'"""
20 N /,—:’____‘.. 5 ]
=25 . = = 2 as - = - . o - T = s
] 50 100 150 200 ] 50 100 150 200 a 50 100 150 200
1 [Mav]
0.9 0.0
—u.5F —ast
o 03 . 140 ]
—Laf ] R
_1al
L 08
— =150
= —15¢
B —zafp 0L
B _a2al
- —2.50 . 04
—3af =43
—3.5k -1} 03 j{
—2.4 L - L a 33 L - L s 0.4 L N - "
LT ] 150 00 5d L] 150 T 50 Tog L] FLi]
1 [Mav] 1 [Mev] 13 [Mav]
i
sk
=
-
2
1}
1

l'.ll".l
1; [Mav]

a 20 200

Extension of similar results from

A. Nogga, R.G.E. Timmermans, U. van Kolck,

Phys. Rev. C 72 (2005) 054006
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1S, is special
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2-body 3-body
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Deltaless 2-body 3-body
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Conclusion

¢ Power counting: beyond Weinberg x
> Pionless EFT

> Chiral EFT with perturbative pions
» Chiral EFT with partly perturbative pions

¢ No RG need for LO and NLO 3BFs
with partly perturbative pions ---
but more work needed to understand
three- (and more-) nucleon systems
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