Precision jet event shapes for DIS
in Soft-Collinear Effective Field theory (SCET)

Tanmay Maji

NIT Kurukshetra
13 Dec. 2022

XXV DAE-BRNS High Energy Physics Symposium 2022
lISER Mohali

Coauthors: Jiawei Zhu, Daekyoung Kang, Fudan University, Shanghai



Talk organized as...

- Motivation

~ Jet Event Shapes and angularity for deep inelastic scattering (DIS)
- Angularity beam functions at next-to-next-to-leading log (NNLL)

- Angularity differential cross-section at NNLL

o Prediction & Remarks



Jets and jet event shapes
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PETRA in 1979

The most common final states are collimated branches of strongly interacting particles, called jet.

. Hadronization at late time
at low energy scale
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Thrust event shape

Most extensively studied event shape

2 .
— EZ pi e~
1€y

Rapidity: 1) = %ln(



Thrust event shape

Most extensively studied event shape
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Thrust characterizes the geometry of collision!



Angularity event shapes

—C. F. Berger, T. Kucs and G. F. Sterman’ 2003

| Depends on |
| continuous |
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A more general event shape!
provides access from thrust to jet broadening in continuous manner
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Thrust Broadening

Angularity At N3LL at NNLL’
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Angularity event shapes

—C. F. Berger, T. Kucs and G. F. Sterman’ 2003

| Depends on |
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A more general event shape!
provides access from thrust to jet broadening in continuous manner
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Why DIS angularity?
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Why DIS angularity?
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Need a new test from an independent Could be an early milestone!
experiment and new event shapes!



Angularity for DIS
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Back to back in CM frame Not back to back even in CM !
n.n =2



Angularity for DIS

FSR
ee—dijet

ep — dijet

Back to back in CM frame Not back to back even in CM !
n.n =2

Axis Choice: gB = xP, gd= jet axis

n“ n'u _ B

2 gs.pi\ qr.pi\ "
Ty = — min .Di : : Di :
Q* ,-gzjg {(qB Pi) (CIJ-pi) 4. (qB-pi> }




SCET factorization: Angularity diff. cross-section for DIS

do B
drdQ?dr, N

Lu(2, Q%) WH (2, Q% 7,)

Z.Kang,Mantry,Qiu’2012



SCET factorization: Angularity diff. cross-section for DIS

do

drdQ2dr,

Z.Kang,Mantry,Qiu’2012

L,UV('CB) Qz) W’UJV(:E’ Q2’- Ta

P2~ QAT p2 o Q2N2(20)

p_ a =10

n-coll :

p, =0 plane
p=ptp”

hard

do do

drdQdr,  dzdQ?
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Angularity Beam function

do J 3. B ;8 J B S
JedO2dr ddeZ/dT dr;” dT), 5(Ta—7' — T, ’ra)
x > Hi(Q*, w)Bi(rl w,pu)J (7], w)S (73, )

1=q,q \\

—Hornig, Lee, Ovanesyan’09;
—Bell, Hornig, Lee, Talbert’18,

Beam func.: B(r,,z,pu) = pdf® o,007,)+7,  +Olo:)
NP LO NLO NNLO

—Tanmay Maji, D. Kang, J. Zhu, JHEP11(2021) 026



Angularity Beam function

do B ;S J_.B___S
ddQ%dr ddez/dT dr;” dT; 5(7'0,—7' — T, Ta)

< S Hi(Q2 )Bi(rP )T (7] 1) S (75 1)

1=q,q \\

—Hornig, Lee, Ovanesyan’09;
—Bell, Hornig, Lee, Talbert’18,

Beam func.: B(7r,,x,u) = pdf®
NP LO NLO NNLO

(s - I’ — Q7
Gﬁxed(LG,U):ll (,LL) ]G’{G?OLZ 70L _|_ClG , G:{H,S,J}

= log|— S with jB = 2-a

Large logs at threshold limit demands Resummation!

; —Tanmay Maji, D. Kang, J. Zhu, JHEP11(2021) 026



Resummation in Laplace space
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Resummation in
Laplace space



Resummation in Laplace space

fixed X g (“) — . F() 2 e G- ~ o~
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k=1
- agam next-next-to-leading order (NNLO) . Next-to-next-leading Log (NNLL)



Results
Angularity Differential Cross-section

dGDIS
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Angularity diff. cross-section

do _doy
dxdQ%dt, 4O’
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Angularity diff. cross-section

do _ do,
dxdQ*dt,  dxd&

R I
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Resummed result
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Angularity Cross-section at NNLL

do

dxdQdz,

Low angularity region:
Log singularity at NLO

0.05 0.10 0.15
.[a

Tall region:
Resummation gives

convergence from LL to
NNLL
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Far-tail region:
Need full QCD

Relative Uncertainty
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Angularity Cross-section for EIC

Soft-Collinear Effective Theory (SCET)
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Angularity Cross-section for EIC

Soft-Collinear Effective Theory (SCET)

Q=60 GeV

© 50 x=0.2

o 00
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Sensitivity to ‘X’
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Angularity measurement would be more precise for
a < 0 & small-x
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Summary and conclusions

MThe angularity event shape is defined for deep inelastic scattering process and the
angularity beam function is presented at one-loop for the first time.

M We present angularity differential cross-section at the NNLL accuracy and give prediction to
the future Electron-lon-Collider kinematics.



Summary and conclusions

MThe angularity event shape is defined for deep inelastic scattering process and the
angularity beam function is presented at one-loop for the first time.

M We present angularity differential cross-section at the NNLL accuracy and give prediction to
the future Electron-lon-Collider kinematics.

Future direction

MAn extension of this work to access the entire a space, specially a~1 region, by
incorporating the recoll effect.

M Uncertainty in the cross-section is sensitive to Q, ’a’ and ‘x’ and we need to find out a
reasonable profile function for DIS angularity.

QVAT
QAT

QA%

: — : _ > —Andrew Hornig, Christopher Lee, and
Q¥ QA QVA  Q ¥ ,
P Grigory Ovanesyan,JHEP 05 (2009) 122
Recoil effect —A. Budhraja, Ambar Jain and

SCET-I Massimiliano Procura, JHEP08(2019)144
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Results:
Angularity Beam function

B(z?, x, u)



Bu(Ta,LC, :u')

BU(Tav J), ,LL)

B (7o, 1)
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Angularity Beam function at NNLL

Bu(Ta, x, )
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<- a=-0.5

<- Thrust Iimit

<- a= 0.5

Beam Func. & Fragmentation func.

Beam at NLO: 7 — 17 Fragmentation at NLO: .~ — /)
off on
on-shell > = off-sh——eﬂ?, -
: K o K
Crossing Symmetry!

Splitting Function: [M.Ritzmann,W.J.Waalewijn,PRD90(2014)]

P;_s k= j(2pi-pj, @) = (—1)*f Prusij(—2pi.pj, 1/x)

a.Cr2(1 —a) 1 +x°
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do o dO'() J B S J B S
drdQ2dr. dde2/dTa dr,” dt, 5(7‘a—7'a — T, —Ta)

x D Hi(Q* w)Bi(ry 1) (73], 1) (73, )
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HH = Q) /LJ,B — QTCL/( a)v HS = QTCL
Evolution Equation for beam function
d
p—B,p) = veu)Bv,p) ; similar toJ, S, H
Solution : B(I/, 'u,) = (N’B,N} iBnB(kB,n)L B ,

e Jet and beam functions are defined by same collinear operator: v;(u) = vs (1)

oo o0
Kp(pp,p) = Lp» (asLp)*+ > (asLp)k + .. asLp ~1
k=1 k=1

LL NLL
LL: Leading Log;

L =In(u/up) _
| NLL: Next-to-Leading Log
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Anomalous dimension

The universal cusp anomalous dimension I'c,s, (s) and non-cusp anomalous dimension

;) are expressed in powers of o, as
G

n+1 o [ 0 n+1
Cusp as Z L'y ( ) ; ’YG(OZS) — Z Tn (E) ; (415)
n=0

where I';, are given in appendix D and one-loop result for %? are given in [306]
v ={-12Cr,0,6Cr} G ={H,S,J}, (4.16)

which again satisfies the consistency in eq. (4.13) at the order as. The two-loop hard
anomalous dimension is well known |61, 63| and available up to three-loops |64

7' = —2CF [(892

52(3)C'a + (3 — 4n® + 48(3)Cr + (695 -2 50] . (4.17)



Yo (1) = ja kaTeusp(os) La + va(as) (4.11)

where I'cysp(as) and yg(as) are the cusp and non-cusp anomalous dimensions. The char-
acteristic logarithm L is defined as

(h'l (%) G: H7
Lg = | | o (4.12)
kln [%(V@VE)_UJG] G={S,J,B},

The consistency relation followed by scale independence of cross section do(u)/dp = 0 is
given by vu (1) + vg(p) + 295(p) = 0, which is valid for any values of @, u, v in eq. (4.11)
and it turns into three consistency relations

JHKH +Jsks +2j5Kk5 =0,

kg + 25 =0,
’7H(Ols) + ’75(048) + Z’YJ(O‘.S) =0. (4°13)
The constants jg and kg are given by
jG: {1,1,2—CL} y
{4 ! - } G = {H,S. ]} (4.14)
K — — o .
G ) 1 L a? 1 —a ? 9 ?

where Cy; = Cp,TF for j = q, g. One of the logarithmic terms Lp is associated with PDF
with the splitting functions F,;

9(1 — 2) 3 1+ 22
Pu() = M2 1424 250 - 9 = o0 - 9112
! 1+ I i

Pyy(z) = 0(1 — 2)[(1 — 2)* + 2°]. (5.5)




_DiSfactorizationinSCET =

do
, = L, (x, Q%) WH (2, Q% T
k dﬂdesza ,LLI/( Q ) ( uQ CL) |
— The hadronic tensor defined by QCD current J*(z) = yy*a)(x)
Y
P WH (z,Q%, 1,) = Z(P]J“’UX}(X|J”|P>(2W)(4)54(P +q— px)0(7a — To(X))
Nucleon

X
] — / Atz T (P T (2)6(Tq — 74)J (0)| P) .

Neglecting the power correction O(A2), we match the current JI(x) = P yMp(x) onto the operators in
SCET and perform the field redefinition to have factorized form of the hadronic tensor as

W2, Q1) = () [ drf drf 6 (=l = 7 = 75)

nJ-np
x H,u (%, m)Bi(tB, x, ) J (v, 1) S (72, )

Measurement operator: 7, = 7.8 + 757 + fas

do B dog 7. B .S P B
dxdQ%dr,  dzdQ? / dr; dr, dr; 0 (Ta ) — 10 — 75
< Y Hi(Q* wBi(tP x,u) I (7], 1
1=q,q
. | — D.Kang,Lee,Stewart’2013
SCET faCtO.: dG = Hard ) 4 \ Jet ® SOft Z.Kang,Mantry,Qiu’2012
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Profile function
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Profile functions

Profile functions
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@ dg/dt?

1.5}

a=0.5

Q=60 GeV
x=0.2

a=0

Q=60 GeV
x=0.2

a=-0.5

Q=60 GeV
x=0.2

0.05

Relative uncertainty at NNLL

Q=60 GeV¥ a=0.5
50 x=0.2 B -0 |
B a--0.5
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uncertainty in the DIS
angularity cross-section
depends on the angularity
parameter ‘a’
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1.5}

Q=60 GeV
x=0.2

50

@ dg/dt?

0.05

Relative uncertainty at NNLL

. parameter ‘a’

—_——— — = = —

Q=60 GeV = a=0.5
x=0.2 -0 |
) B a=-0.5

3015 020 025 0.30
Ta

///

unéertainty in the DIS
angularity cross-section
depends on the angularity
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Tool: Light-front dynamics

(.X_I_, X_, XJ_)

xt =0+ 53

x—=)c0—x3

1 1
Scalar x.p:—x_l_p + —X p+—XJ_.pJ_
product 2 2
2 2
Dispersion 2 _ 2. __P1 T m
relation p-=nm- P = +
P

* Vacuum is trivial in the Light-Front theory: p." > 0

* Time order not Needed: backward going diagram vanishes



