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Sudakov Shoulders : Factorization

e Factorization using SCET 2205.05702 AB, Matthew D Schwartz, Xiaoyuan Zhang

3

1 do (Q2)/ (Hdmf) dkr, dkpr Jo(mi)Jg(m3)Jy(m3) S€(kr, ki) X M.

OLO de — _
1=1
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e Factorization using SCET 2205.05702 AB, Matthew D Schwartz, Xiaoyuan Zhang
1 do ’
= (Q2)/ [[dm? | dkr dky Jo(m3)Jq(m3)Jg(m3) S¢(kp, ke) x M.
OLO de — Py
q

Note : The full shoulder cross section is given by

___________________________

)\(j K 1 dosh 1 do, 1 do,
- = 4+ 2 X ——=
oLo de oLo de oo de




Sudakov Shoulders : Factorization

e Factorization using SCET 2205.05702 AB, Matthew D Schwartz, Xiaoyuan Zhang
1 do >
1@ | (H dm%) dhp, dbsy Jo(m3)Jg(m3) Jy(mB) 5 (ks kar) x Mo
oLo de pole
q

Note : The full shoulder cross section is given by

)\q K 1 dosh 1 doy 1 do,
- = 4+ 2 X ——=
oLo de oLo de oo de

Normalization set by

g _ _
OLO — 48 E CF O-Born(e_'_6 — QQ)
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e Factorization using SCET

3
1 do
- H(Q2)/ (H dm?) dkr, dky J,(m7)Jz(m3)J,(m3) S€(kp, ki) X A,
op,0 de Pl
q Obtained from three parton amplitudes in QCD Ellis, Ross, Terrano 1981

___________________________ 3-jet Hard Function Garland et.al hep-ph /0206067

qg g Same as direct photon Becher Schwartz 0911.0681
)\ 3-Jettiness Jouttenus et.al. 1102.4344



Sudakov Shoulders : Factorization

e Factorization using SCET

3

1 do _ (Q2)f (H dmf) dkr, dkg J (ml)J (m%)J (m%) S(kr, ku) x A

oLO de — _
=1

| Inclusive jet function in SCET]

Known to 3 loop order

K Briiser,Liu, Stahlhofen 1804.09722
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Sudakov Shoulders : Factorization

e Factorization using SCET

3
1 do
B H(Q2)/ (H dmf) dkr, dkg J,(m3)Jg(m3)J,(m3) S€(kr, kg) X M
oo de Pl
New Ingredient : Trijet Hemisphere Soft Function
q
Projection of soft radiation into ‘orange like wedges’
){K dictated by measurement function ..

ng -k >ng-k h

no-k>ng -k 2

ng

11



Sudakov Shoulders :

e Factorization using SCET

— T -n@) | (

3

H dm?

1=1

) dkr, dkg J,(m7)Jg(

m;

Factorization

)Jg(m3) S (k. ki) x A

12



e Factorization using SCET

Sudakov Shoulders : Factorization

— = = H(Q2)f (H dm?) dky, dkp Jo(m3)Jg(m3)Jg(m3) S€(kp, ku) x M.

1 do
oLo de
Sg(kfv kh) —

1
NCF

)3 (X1

2
Y, Y, TV, Y,)[0)| A (Ko, kn)

12



Sudakov Shoulders : Factorization

e Factorization using SCET

3
1 do
o H(Q2)f (H dmf) dkr, dkg J,(m3)Jg(m3)J,(m3) S¢(kr, kg) X A,
1=1
1 2
Sy(ke, kp) = Nen Z ‘(XS|'I‘r(YJ2YmT‘*Y,,,]LlYn3)|O) M (ke k)
X' e

M (kg kp,)

=0 (!‘ff - kiuzxx} [ﬂl{kf} G”] —kﬁ) + 03(k;) (é‘ﬂ : E:,-) + Og(k;) GM‘ : ;,;t-)D

x & (;.;h -y | [ﬂi(ﬁcm] (%m -ra;m) + O2(km) (EF]‘,Q vﬁ::m,) + O3(km) (%m : ﬁ;m)D .

km | X
Slight difference of projections

Projection onto ‘slice’ for HJM vs thlrust
T T Ny = ng + 5 (nf —ny),
N =nh + =(nf —nf). 12



Sudakov Shoulders : Factorization

qH e—

g -k >mng-k h
—2C4I'g In Ii—f +5
ki,

-loop , hemi
gone p. (
g

i} .
s (1) —A4CFlo In =t +sqq as ()
i + o(qu

L. qu, 1) = 0(qr)0(qm) + ——=6(qr) . -

*

no -k >ns -k .

[ —2(Cr + Ca)To In 22 + g0
kEr

. g
S;)no—loop , hcml(qL, QH,,Uf) — 5(QL)5(Q'H) + (,LL) 5(QL)

4 4 kr

—20pTgIn BL 4,
‘|—a5(‘u)(5(QH ! ety q]

'quq — _4CF lnﬁp f}/sg — _2CA ].Il:_)) + 4CF lIl2

3
Ysqg = —2(Ca + Cr)In6, 75, = —2CfrIn 5+ 204 1n2

RGE Consistency check
Y = Yig T 2%jg + Vsaq T Vsg = Vig T 2%iq T Vsqg T Vsq

N\

Previously computed in the literature

13



Sudakov Shoulders : Factorization

e Factorization using SCET

3

1 d
oLO dz = (Q2)f Hdmf dky, dkyg J (ml)J (m%)J (m3) S¢(kr,kn)

1=1

Measurement function set by thrust axis

x ) Single collinear emission

2 ) 1 ) 2 1
T1~§+T‘—2m1 T2:§—T+812—m1 Tgﬁg—(Slz—g)
1 1
T‘Eg—p, tET—g, T >1T5, 1Ty > T3 .
— mi <r t < mi

X Mo

14



Sudakov Shoulders : Factorization

e Factorization using SCET

oo de

3
1 do
7 @) [ (Lt ) dts i s ) ) ) <
i=1
Measurement function set by thrust axis
M, Wo(W) W= r—mi+m3+m3+22(ky — k)

TO(T) T= mi+md+md+22(ky+kg)—t

nz-k>n3-k
ny

no-k>mno-k P

15




Sudakov Shoulders : Factorization

e Factorization using SCET

3
— T -n@) | (H dm?) dky, ki Jy(m3) Ty(m3) Ty (m3) S° (ke ki) x
=1

OL.O % B
Measurement function set by thrust axis
M, Wo(W) W= r—mi+m3+m3+22(ky — k)

TO(T) T= mi+md+md+22(ky+kg)—t
Essentially measurement functions

nz-k>n3-k

m%<r—|—m%+m§

t < mi+ms+m3

no-k>mno-k 2

15



Sudakov Shoulders : Factorization
e Factorization using SCET
1 do &
7 H(Q2)f (H dmf) dkr, dkg J,(m3)Jg(m3)J,(m3) S€(kr, kg) X M
oo de Pl

Measurement function set by thrust axis
M, Wo(W) W= r—mi+m3+m3+22(ky — k)
TO(T) T= mi+md+md+22(ky+kg)—t

Essentially measurement functions

nz-k>n3-k s
m% < ?"—|—m%—|—m§ Allows forr >0 and r <0
Left and right shoulders in HJM

t < mi+ms+m3

no-k>mno-k 2

15




Sudakov Shoulders : Factorization

e Factorization using SCET

3
1 do
T H(Q2)f [[dm? | dkp dky Jo(m?3)Jq(m3)Jg(m3) S¢(kp, ke) x Mo
1=1

Measurement function set by thrust axis
M, Wo(W) W= r—mi+m3+m3+22(ky — k)

TO(T) T= mi+md+md+22(ky+kg)—t

Essentially measurement functions

n3 -k >mns-k

Allows for » >0 and r < 0

m3 < r+m3+mj
Left and right shoulders in HJM

ki

t < m% + m% + m% t < 0 does not generate logs

no-k>mno-k P

Only right shoulder in thrust
15




Sudakov Shoulders HIM

do g\ 2 ag\2 (4 C 256 256
I o - sy )z A
L= 960F(4W) (2CF +C4)rln r+48(jp(4ﬂ) {anTF+ . (1+31n 81)+CF (2+21n 81)}rlnr
do Qg 2 as\2 [ 8 2 2
L1 2% — 1020k (T2) (20p + Ca)s®s +48Cp (T2) 4 =nyTp + Cp(6 = 241n6) + ZCa(1 ~ 121n6) { 51
oro| ds r\gz) PO+ Ca)sin®s £48Cr (0) | 3nstr + 5CF( n6)+ 5l n6)pshns
1 1 Log Fits on EVENT?2
r==—p S=p—-—
3 3 e
e Expansion of the factorization thm in FO gives NLO logs 403

e Compared to EVENT2, IR cutoff at 10712, 12 trillion events .t
3|8

20k

10F

16



Sudakov Shoulders : Resummation

A 4

1 dUg I (al 9 )t tQ Met 1 677E(n€+nh) Iy (Oy,, Oy, ) = exp {46’1?3(;1;?_,;13‘11) + 4CFS (prse, f1in) + 2CaS (i, peje) + 20‘45(;1.55,;13‘;)]
o dt 9T s (24 ne + np) X exp {QA"I'SQ{MS{‘HU-‘}?.) + 2Ay59q(Hshs 1) + 24559 (je, pin) + 4A~,-jq(#jh=#h)]
+nn — .

i% _ Hg(@ﬂ an )T (@)W T o YE(Ne+nn) SlIl(’ITTIE) x H(Q, utn)jq (On, +1n C‘f/*'sh) (Om +ln (i.”bh)"f (O,N‘Fl (i! L-,e) 50q (B9, ), (B
oy dr e in s (2 + ne + np) sin(w (e + 1)) 1 n e
L 9% _11.0,,.0,,)s (22 e _emymlidm)  sin(m)
oy ds T s I'(2 + ne + mp) sin(a(ne + 17n)) _ A o5

Ne = 2CA I‘([JJj, /_LS) 2CA E Inr

g
h = 40}7 A[‘([J,j?/j,s) . —4CF (E) Inr

e RG evolve hard, jet and soft functions from scales @), Q+/r, Qr to resum
e Run into spurious Sudakov Landau singularity! ne +nn € Z Poles even if 3y = 0!

e Expansion in ay recovers logs in FO. Singularity reminiscent of ¢ resummation poles

Frixione, Nason and Ridolfi hep-ph/9808367
Becher, Neubert 1007.4005
Monni, Re, Torielli 1604.02191

Ebert, Tackmann 1611.08610
17



Sudakov Shoulders :

Resummation
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e Why the singularity? Space in which scales are set sometime matters.
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Space for scale setting
does not affect log accuracy for dijet logs.
See Almeida et.al, 1401.4460
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mi ~mi>>1>r

e Why the singularity? Space in which scales are set sometime matters.

e Analogous to gy resummation, setting scales in conjugate space ameliorates this, while main-
taining a consistent log counting scheme Ebert, Tackmann 1611.08610
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Sudakov Shoulders : Resummation

Space for scale setting

does not affect log accuracy for dijet logs.
See Almeida et.al, 1401.4460
Measurement function .#, = (r + m% — m3)O(r + m%, — m3) drives one out of the EFT when

mi ~mi>>1>r

e Why the singularity? Space in which scales are set sometime matters.

e Analogous to gy resummation, setting scales in conjugate space ameliorates this, while main-
taining a consistent log counting scheme Ebert, Tackmann 1611.08610

- > .1 d?
04(2) :/ dr """ —— dG;g
—00 oLo ap

—a —b
—24Cp In2 Hh _24CE In? “sh _4C 4 In? Hh _GC 4 In? Hst . pse€E . Hsh€’P
Lt h Kje —1z 12 .

=€ Hih Hj Kie
Q Q
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Sudakov Shoulders : Resummation

Space for scale setting

does not affect log accuracy for dijet logs.
See Almeida et.al, 1401.4460
Measurement function .#, = (r + m% — m3)O(r + m%, — m3) drives one out of the EFT when

mi ~mi>>1>r

e Why the singularity? Space in which scales are set sometime matters.

e Analogous to gy resummation, setting scales in conjugate space ameliorates this, while main-
taining a consistent log counting scheme Ebert, Tackmann 1611.08610

- > .1 d?
04(2) :/ dr """ —— dG;g
— oo oLo ap

—a —b
—2GCp In? Fh —24Ck In? 23h —GC4 In? £ —GCy In? Bst ( . puseeE ) ( ,u,She’YE>
J —1z 12 .

=e ik M Hie kit
Q Q

Hst/h = 7@, M?,g/h — Qus,em

oo/h = Hit—— ==
/’L ,ﬁ/h > /‘I’S,ﬁ/h |Z|
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Sudakov Shoulders : Resummation

Space for scale setting
does not affect log accuracy for dijet logs.
See Almeida et.al, 1401.4460

Measurement function .#, = (r + m% — m3)O(r + m%, — m3) drives one out of the EFT when
mi ~mi>>1>r

e Why the singularity? Space in which scales are set sometime matters.

e Analogous to gy resummation, setting scales in conjugate space ameliorates this, while main-
taining a consistent log counting scheme Ebert, Tackmann 1611.08610

—~ o y 1 d3 20’ I | |
04(2) :/ dr """ — dG;g f | |
—o0 gLo ap n 15} | |
oy = S A = S ‘Y —-a ’Y _b ﬁ [ i i
_ 6—2&01:' In? %—2005’ In? ij':: —&C 4 In? %—QCA In? :‘:Tif (_izﬂsfe E) (iZuShe E) ' ‘;a 10F ! ! 1 pcan(r)
Q Q ™| i i i an
g st | | ] Mcan(2) €C
b E ! \\'
fs,e/n = |7|Q; Wi/ = Qs e/n ; ; ; -
g Qe E Qe E ST 004 Zo02 000 002 004
P o/h = Tl—— Ws./h = r =(1/3-p)
g 2 2]

Sudakov Landau Pole is spurious!
2306.08033 AB, Johannes KL Michel, Matthew D Schwartz, lain Stewart, Xiaoyuan Zhang
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Sudakov Shoulders : Resummation

\I I I I I I | I I | I [ ‘ [ | [ | | | [ [ I 0-03 T T 1 T T 1 T 1T 1 1T T 1 | T T 1 I 1T T 1
0.14 - - i
N —— NLL”°4+LO —— NLLP°4+LO -
- —— NNLL2°+NLO - _ —— NNLL2°+NLO -
- = NLL$"+LO 0.02} --= NLL$"+LO
1?* 0.09 - = NNLL&"+NLO _ 1?‘ - ~ = NNLL&"+NLO -
5 LO : . - LO i
-~ - NLO n ~ 0.01_— ”
£ I -
Q - | < - ]
~  0.04— — — - i
. E 0.00— -
_0.01_ | | | | | ] | | | | | | | | ‘ | | | T'1\I. i B S P _0.01_ L1 | | L1 1 1 | L1 1 1 ‘ L1 1 | | - I. \I L L1 1 1 i
0.15 0.20 0.25 0.30 0.35 0.40 030 031 032 033 034 0.35  0.36
p p
10—y
;- (R — oL0
8- W\ o5 e Effect of shoulder resummation of HJM is ~ 20% near p > 0.25
: ‘\\\\ ko
e RN .l . :
sl o 59 —— o + ol — {—= e Profile scales to transition to dijet log regions
—| & 4 " I

%10 015 020 025 030
p

0.35

0.40

19



Sudakov Shoulders : Resummation

e Last piece : Match and ensure that distribution transitions to dijet logs as well

do.ma.tch

dp

(p/oo)do/dp

dij ¢, pro . .
do lJ(ludij ) n dU&h(HSﬁo) 4 do™® (pro) B do™ (uro) B do*" (piro)
dp dp dp dp
0.25 g 771 I Y O B B
R Combined perturbative uncertainties 7
0.20 - - - NLLéij—I—NLLISD}I;O—FLO ]
B — NNLLéiJ.—l—NNLLE;;O—I—NLO i
0.15 -
B ™ i
B N i
0.10— o —
I .\ —
- D ’
0.05— N -
— \ * s > p—
0.00 B [ | | I I | I | | I I | .le. | I |
0.10 0.15 0.20 0.25 0.30 0.35
P

0.40

<

dp

Remove logs from FO to avoid double counting
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Sudakov Shoulders :

Three Jet Power Corrections
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Sudakov Shoulders : Three Jet Power Corrections

e 2-jet power corrections validity is questionable near 3-jet configurations

2012.00622 Luisoni, Monni, Salam
2108.08897, 2204.02247 Caola et.al.
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Sudakov Shoulders : Three Jet Power Corrections

e 2-jet power corrections validity is questionable near 3-jet configurations

e Advocation of fits with a 3-jet power correction profile

Cumulative o

2012.00622 Luisoni, Monni, Salam
2108.08897, 2204.02247 Caola et.al.

2301.03607, 2501.18173 Nason & Zanderighi

dog

Ypine(v) — Xp(v) =Xp (v —0v) — Xp(v) = ———dv, dv = Hyp((v)

dv
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Sudakov Shoulders : Three Jet Power Corrections

. . C e, . . . 2012.00622 Luisoni, Monni, Salam
e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola of.al

e Advocation of fits with a 3-jet power correction profile 2301.03607, 2501.18173 Nason & Zanderighi

Y ‘f’[ Cumulative o
_o0s 405 [FrteEe "‘=,!= . dO'B
g o 1o} e ] Ypinp(v) —Xp((v) =X (v —0v) — Xp(v) = —d—vév, v = Hyp((v)

-0.5 405 o 1

T e P e

0 005 01 015 0.2 025 03 102 101 108 10® 10* 102
MR MA

Shift profile

A
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Sudakov Shoulders : Three Jet Power Corrections

2012.00622 Luisoni, Monni, Salam

e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola. et.al

e Advocation of fits with a 3-jet power correction profile

TMR)

-0.5

2301.03607, 2501.18173 Nason & Zanderighi

1.5
1
0.5
0

1.5

-4 05

~-05 |

Cumulative o

S () — Sp(v) = Sp (v — 0v) — Spv) = —(ET—UBM, Sv = HynC(v)

-1.5 : .
0 005 01 0.5 02 025 03

M

M

1, L L L L L L
1012 101 108 10 10* 102

Shift profile

e Mostly constant for thrust. Interestingly negative throughout for heavy jet mass
e Dipole model for NP emission. Operator definition?
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Sudakov Shoulders : Three Jet Power Corrections

. . C e, . . . 2012.00622 Luisoni, Monni, Salam
e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola of.al

e Advocation of fits with a 3-jet power correction profile 2301.03607, 2501.18173 Nason & Zanderighi
Y ‘f’[ T T T Cumulative o
_ % fos T | dop
g o Lot "s ] Ypinep(v) — Xp(v) =X5 (v —0v) — Xp(v) = —d—vév, dv = Hyp((v)
-0.5 4-05 | II: N
AT TN it
st 11 Jypl 1 1L
0 005 01 0.5 02 025 0.3 1072 101% 10% 10% 10* 102
MR MA

Shift profile

| e Mostly constant for thrust. Interestingly negative throughout for heavy jet mass
S(z) = [ dky, dkn e PR h/QS (kp k) o Dipole model for NP emission. Operator definition?
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Sudakov Shoulders : Three Jet Power Corrections

. . C e, . . . 2012.00622 Luisoni, Monni, Salam
e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola of.al

e Advocation of fits with a 3-jet power correction profile 2301.03607, 2501.18173 Nason & Zanderighi
Y ‘f’[ Cumulative o

_ o5 405 [FrteE x”‘a!: . dO'B

g o Lot "s ] Ypinep(v) — Xp(v) =X5 (v —0v) — Xp(v) = —d—vév dv = Hyp((v)
-0.5 405 o 1
71'50 0.|05 0|.1 0.‘15 ol.z o.lzs 5.3 e 10"12 10"10 16'8 16'6 16'4 16'2

MR MA
Shoulder Factorization naturally Shift profile

<
<

accounts for power corrections!
e Mostly constant for thrust. Interestingly negative throughout for heavy jet mass

f
] S(z) = [ dky, dky e ke mkn) QG (ky, kH)I e Dipole model for NP emission. Operator definition?
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Sudakov Shoulders : Three Jet Power Corrections

2012.00622 Luisoni, Monni, Salam

e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola. et.al

e Advocation of fits with a 3-jet power correction profile 2301.03607, 2501.18173 Nason & Zanderighi
Y ‘f’[ Cumulative o

_ o5 405 [FrteE x”‘a!: . dO'B

g o Lot "s ] Ypinep(v) — Xp(v) =X5 (v —0v) — Xp(v) = —Eév dv = Hyp((v)
-0.5 405 o 1
71'50 0.|05 0|.1 0.‘15 ol.z o.lzs 5.3 e 10"‘2 10"10 16'3 16'6 10"“ 16'2

MR MA
Shoulder Factorization naturally Shift profile

accounts for power corrections!
_______________________________________________ . ® Mostly constant for thrust. Interestingly negative throughout for heavy jet mass

f 1
] S(z) = [ dky, dky e ke mkn) QG (ky, kH)I e Dipole model for NP emission. Operator definition?

Renormalon indication from trijet hemisphere soft function. Admits OPE
AB, M.D.Schwartz, X. Zhang, Work in progress

| » 3-Jet NP parameter

e ———————— 4 21
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Sudakov Shoulders : Three Jet Power Corrections

. . C e, . . . 2012.00622 Luisoni, Monni, Salam
e 2-jet power corrections validity is questionable near 3-jet configurations 9108.08897. 2204.02247 Caola of.al

e Advocation of fits with a 3-jet power correction profile 2301.03607, 2501.18173 Nason & Zanderighi
Cr T ] ‘f’[ T T Cumulative o

_ o5 405 [rrieE x”‘=,!= g dO'B

) ot " ] Ypinp(v) —Xp((v) =X (v —0v) — Xp(v) = —d—vév v = Hyp((v)
-0.5 4-05 | II: N
1 A 1k =~q
71'50 0.|05 0|.1 0.‘15 ol.z o.lzs 5.3 e 10"12 10"10 16'8 16"5 16'4 16'2

MR MA
Shoulder Factorization naturally Shift profile

accounts for power corrections!

<
<

e Mostly constant for thrust. Interestingly negative throughout for heavy jet mass

8(z) = [ dhy by ¢ = /9 i)} Dipole model for NP emission. Operator defintion?
:j Dijet Renormalon indication from trijet hemisphere soft function. Admits OPE
:: shift -]-1-1“5-’;-1:(;“/:)“:--];::S-';E;-;;)“:-%g;\%-l— AB, M.D.Schwartz, X. Zhang, Work in progress
" T I I T
Lo |~ a4 (o) o » 3-jet NP parameter
/ 21

p
2502.12253 Benitez et.al
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Conclusions

0.25 T T T T T | T T ‘ T T | 1T T | T T \_
. . C Combined pertm’ba-tive uncertainties |
e Important ingredient for global fit of as from HJM 0.20 S NP
o C dij sh
. . < r T
More in Xiaoyuan’s talk 5 E
g 0.10— .‘\' -
e Sudakov Shoulders can be used to describe 3 jet R 1
. . 0.051~ '~ ]
regions in event shapes i
_l I 1 1 | L1 | L 111 l L1 11 | I\I' 1
0'000.1() 0.15 0.20 0.25 0.30 0.35 0.40
Capture as much as possible of the partonic distribution g

Hadronic Power Corrections using EFT Operators

Future
e Ongoing work : Renormalon analysis of trijet soft function to rigorously define ®; AB, M.D.Schwartz, X. Zhang
e NNLL resummation of C' parameter shoulder AB, X. Zhang Work in Progress
e Interesting NGL structure worth exploring!

e Shoulders are generic anytime event shape range is bounded by number of partons. Helps
analyze multijet regions!
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150

50

C(Ou 07 1: 0: PL1,PL2; f))
1

C(la 07 O: O:pRlszQJ p)

0 < p<pLi
pr1 < p < pr2
pr2 < p < pPR1;
PrR1 < p < PR2
pr2 < p <05

g(p)

le Functions

Shoulder Scales

[ f]

Parameter Default Range
Uh, —1 [—2, O]
Vs 0 —1, 1]
V; 0.5 0.4, 0.6]
Pr1 0.20 0.17, 0.23]
PL2 0.28 0.25, 0.31]
PRI 1/3 -
PR2 0.342 —
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(p/ao) da/dp

Scale Variations

0.25_ T T T T T L L L 0.25g T T 717 LI O I O B B 0°25L||" L O I B
C Fixed-order result ] N Hard variation 7 B Shoulder soft variation ]
- B r B ’ pro — -  — pro .
0.205 LO 1 o020 NLLg;+NLLg, +LO 1 o020 NLL/;+NLL$°+LO ]
o - - - NLO 7 C _ NNLLfﬁj+NNLL§|:°+NLO 4 C — NNLLgij—%-NNLLsI:O—t—NLO i
[ —— NNLO . - . : :
0.15~ - 0.15— = 0.15— —
N ] L il L ]
- - — 4 L \. -
0.10— - 0.10— — 0.10} \.\ _:
= — — " L ’\ A
C i B i C 3 ]
0.05— - 0.05- = 0.05 TN —
O‘Ooﬁ I | | I I | | | I I | | | I | | 1| L1 | | i 0.00— | I - l N T i I I | | I 'I\l' | - ] O 00: L1 | L1 I T | Ll I I\I' j Ly :
0.10 0.5 020 025 030 035 040 0.0 015 0.20 025 030 0.35 040 010 0.15 0.20 0.25 0.30  0.35  0.40
P P p

0-25 R T 1T 17 1T 17 | T T 17T | 1T T T | 1T 17 | T 17 ] 0.25 T T T 17T | T T ‘ 1T 7T | T 1770 | T T T |

r Shoulder jet variation 7] N Shoulder profile variations 7

0.20 - = NLL};+NLL{°+LO ] 0.20 == NLL},+NLLE°+LO =

B — NNLLéij+NNLL§£°+NLO _ L — NNLL:Jij+NNLL51;°+NLO i
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(p/o0)da/dp

Relative deviation

Relative Contributions
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Sudakov Shoulders Thrust

1 do®"® g
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Sudakov Shoulders HJM Slope

1 do; > dz -
7t — 2 Re [ / “ K(z, r)az-(z)}
oLo dp 0 27
Integration kernel to transform between spaces
K(z,r) = < [1—e " +7r(1—e?)]
, Z2

Choice set to get LO cross section r0(r) when ¢(z) = 1
Factorization controls difference between slopes in singular parts

Set sum of slopes (non-singular) is obtained from FO
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