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Deep inelastic scattering (DIS) l-,._
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¢ 2-jets event: 1 ISR+1 jet - Uﬂ"ﬂT
: el
Event shape:
H1 Event from www-h1.desy.de

1-jettiness in 3 ways

Derivation of factorization thm. to all orders in a,

o~ XB®JRS

Resummed predictions at NNLL

¢ Higher logarithmic accuracy than previous work at NLL

Summary )



Deep Inelastic Scattering

— DIS variables
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Bjorken scaling:
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‘ Inelasticity:
Px

IS
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¢ Large Q transfer from ¢ to proton Py = - Q*

¢ Traditional factorization for large Q >> A,
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¢ quarks and gluons
form jets




Event shape: Thrust
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o dijet limit: 1., — 0

¢ log Tee should be resummed b
. j ® OPAL
¢ Upto N3LO(a3)+N3LL SR
00— L e e
1 0.10 0.15 0.20 0.25 0.30 T
— - e .M © . T. Kluge
¢ DIS: T™DIS = 1— i3 E ‘pi n| S1o7pe —— H1 Data g
B, 6l - e
’ 1eHy -cbﬂos-. ’ +L"‘-—. e ® <Q>=15GeV (x2)
. — , : = f[a/® o - (x20°)
¢ 2 choices for 1 e Ho e si¢| ® <0>=18Gev
L B <Q>=24Gev (X2
¢ Axis minimizing thrust (x20%)
— x 20
¢ Virtual photon axis B <Q>=37 GeV
: A <Q>=58Gev (x2)
¢ one hemisphere 1
A <Q>=81Gev (x20)
© Up to NLO(CXSZ)+NLL - ,}, & 'f * «Q>=116 GeV  (¥20")
Antonelli, D ta, Sal 2
AHOnET, Faenpta, SeE 10% T —— NLO(c2)+NLL+PC (itted)
¢ Uncertainty dominated by theory 10_4'H,1 L ’f || B+ NLO(02)+NLL+PC (exrapolaec
0.0 0.2 0.4
as(mz) = 0.1198 +0.0013(exp.) i8:882§, (th.) . 5

Higher precision? NZ2LL or higher ? ZEUS also has done similar analysis.
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Event shape: 1-jettiness

 N-jettiness N = QQZHHH{C]B Pir Q1" Pis- - 4N " Di}

¢ @Generalization of thrust
¢ N-jetlimit: 7y — 0

Stewart, Tackmann, Waalewijn

¢ 1-jettiness: 1 jet +1ISR n= 02 me{qB *Pir 4 - Di}

© (g, q,are axes to project particle mom.
¢ Considering 3 ways to define g,
¢ min. groups particles into 2 regions

Why 1-jettiness?
DIS thrust: Non-Global Log beyond NLL

Dasgupta, Salam
Unknown how to resum NGL
1-jettiness: No NGL, N"LL (n>1) accessible

derive factorization thm. by using SCET

accuracy systematically improved with higher order ME’s
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CM frame

Hp Hy

2
a __ : a P IR
T = Q2 E :mln{QB "Piydg pz} 4B
1€ X
Kang, Mantry, Qiu PRD2012, 2013

a

(& QJ :
¢ “Aligned” with jet mom.
¢« Determined from jet algorithm or min. procedure

b
o q% = x P : proton direction (similar for 43, C]](_ig )



1-jettiness in 3 ways
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CM frame

q; =q+xP

2 b b
= Q- Q> min{gp piqyopt L
cx <<

. i B
¢ qg : z-axis in Breit frame b

¢ not aligned to jet

Breit frame Hp Hy

¢ Zero transverse mom.

_ J
(ps+pB)L =0 b
| q = xP qr =q+aP
Breit _ < >
f — @ an'pz+znz Di
1€HpB 1€H g pB
Antonelli, Dasgupta, Salam JHEP 2000
Breit frame: collision frame of proton and photon .

P=1/22(Q,0,0,—Q) q=(0,0,0,Q)



1-jettiness in 3 ways

CM frame Hp  Hy

s ——

2 . g = P
= > min{qh - pi,q5-pi}

1€ X
PB

C ..
°{d 7 :z-axisin CM frame
¢ electron direction

¢ transverse mom. conservation c C

q1. = (ps+pB)L

C .
¢« Small 71 region

e Small ¢ =/1—-3Q, y—1

¢ dijet events in longitudinal direction 9



Factorization theorems




Factorization proof using SCET

= L,Ll,l/ W“V(x, QQ, 7_1)

do
dx dQ)? dr

WHY = /d4xeiq'x(P\JT“(x)5(ﬁ —171)J"7(0)|P)

J/i(x) — Z d3ﬁ1d3]§2 67:(131—52)-33 ng )an,ﬁlT [ijl Yng] Xrio s

n1m / M

Wilson coefficient Quark jet field Soft gluon Wilson line

2
ny-nNp

W = 20m) Q3% [ &

N ¥alZ
2 Cqé chi

/dTBd’TJ dTSBdejé(ﬁ — TR — T — TSJ — TSB)

Beam func.

: EP ns | Xns 0(@BTB — 15 Pny) [0(75 - g — 7p - P) (1 — P1) X”B”P”B>] (PDF + ISR)

X (0lxn, 6(QuTs —ny - Pn,) [6(Rs-q+ns-P)6* (gL + D1 +P1) Xm]\oﬂjet function
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Factorization the

1 do
—H dtg dt, dk, 6 (7
oo dudQrare ~ Halk )/ B (Tl

xBy (t,z, 1) Jq (L,

1 do

tB ty ks
- H dtgdtydksd | 7 — — — = —
oo dr dQ? dr? (1) / s (Tl )

x/d2ﬁLBqWﬁiau) S (ks 1) + (g < q)

orems

p) S (ks,p) +(q Q)

Kang, Mantry, Qiu PRD2012, 2013

1 do

Transverse momentum dependent
Beam function

Jdk35 (Tla

—H
oo dwdE drg ~ o)

sty k&
Q2 a@® \/5Q>

[ @5 BTl 1, COGRERR. ) 5.0+ 40
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Resummation and RGE

y : conjugate variable of 74

Fourier transformation

~

do iy do ¥ o
— = /dﬁe Y . = H(u) By(y,w, 1) Jq(y, ) S(y, )

©

oo

lnd—(}—LZ (asL —I—Zas —I—OéSZ(OéSL)k—I—“-
|_'_l |_'_l |_'_l L = log(iy)

NLL NNLL
¢ Resummmg large logs pn
¢ No large logs in each function -
at its natural scale U;
, iV S & it Y
¢ RG evolution Bt 54t 4 .
from M; to common scale 1 f“ e
— M 13
KA




O(at)+NNLL Predictions

All functions H, B, J, S are known up to O(as)

Cusp and non-cusp anomalous dim. are known to up to O(a.?) and O(a,?)
HERA energy:

/5 ~ 300 GeV
@ x distribution Q distribution

0.5[- N
0.25) o :
74=0.1
O - - L ‘ L L L ‘ L L L ‘ \-\ N‘NII\L L L ‘ L L L 1 4 L L ;
20. 40. 60. 80. 100. 120.



total at NLO

Cumulant.cross section Differential cross section

0=80 GeV

0=80 GeV |

0.25 B NN x=02 E
T T T Y N Y N N NI AN AR i
0. 005 01 015 02 025 03 035 04
Ta I I
T Ta
5 1 Lo do , : I
oc(x,Q%, 1) = — dry 5 ¢ Resummation cures singular behavior in

¢ Good convergence LL, NLL, NNLL
¢ Small nonsingular corrections 15



Convolution with NP shape function
. I I I I T‘l_[ I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I

0=80 GeV
x=0.2
B NNLL PT + NP 0=0.35 GeV

Tail region: 10.

> -
L T

power correction

‘ Ll L L L L L |
2Q dopert (T) O 0.01 002 003 004 005 006 0
Q dr ¢

(T) = Opers(T) —

Universality of ) including hadron mass: Q) = Q% = Q% = Q]

¢ Independence of axes g, g,

¢ Interesting to measure the universality 16
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¢ Factorization thms for three 1-jettiness Tla Tf T f

o~ XBRJXS p_rgr

¢ Systematically improving accuracy with higher order functions

¢« NNLL+O(a,) predictions: x, Q, 1-jettiness spectrum
¢ Universal nonperturbative correction

¢ Useful for o, determination, measurement of universal

hadronization effects, improved (nuclear) PDF extraction
Kang, Mantry, Qiu

« Higher precision? O(a,?) terms, N3LL
€«— DISASTER, DISENT,
DISPATCH

¢ Beyond 1-jettiness: N-jettiness factorization (N>1) 1
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Choice of scales

o FOFAQCD LT K1
pg =Q ppg=+V1Q
ps = 7Q

¢ For TNAQCD/Q

significant nonperturbative effect
soft scale freezing at ;g ~ Agep

uB.g~ v/ Agcp®

¢ For 7 ~ 1
no hierarchy in scales
no large logs

100

M(T)
up=Q/x(t—-1+y) | /’LH ~ /’LB,J ~ /’LS ~ Q

20
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Nonpertubative Effect

¢ Estimating nonperturbative part of soft function

o Form > AQCD/Q
OPE gives power correction with O(Agep/7Q) suppression

%]dgpert (7-) ~ (7’ — QQ/Q)

J(T) — Opert (T) ] Q dr ~ Opert

¢ )~ Agcp : nonpertubative matrix element

¢ For 7> Agep/@ 19
significant nonpertubative effect 0.5
convolving shape function
consistent with power correction

0.0

Ja(K)

-0.5}

o(t) = /dkapert(T —k/Q) F(k) -1.0p

com([agrof R e

Ligeti, Tackmann, Stewart




missing particles in forward region

n = —In(tanf/2)
Proton remnants and particles moving very forward region

out of detector coverage: 0 < 0 < Ot » 1 > Necut
¢ H1: Ocu =4°(0.7°) and Neut = 3.4(5.1) for main cal. (PLUG cal.)

o ZEUS: Ocut = 2.2° and Neut = 4.0 for FCAL

Elab 9
w22 g

An =1
g nECM 157

Boost to CM frame: UCM =1n— An

CM __ ‘ —npSM
¢ HI1: mutCh; 1'6(3'3) e 0'2(0°04)| \Suppression factor!
o ZEUS: T]Cllt — 22; |€ nCUt — O J /

QQB * Pmiss mrT _77

Maximum missing measurement: Tmiss = 02 05"

max lab _:
« mp = L7 sin 0cut

about 64(11) GeV for H1 and 32 GeV for ZEUS

QB =Vy/2Q, xQ

22



1-jettiness from jet region

¢ If only jet region (H ;) can be measured
Use mom. conservation of two hemispheres

b C
¢ T1 and 71 can be exactly reproduced

CM
= 1 L = z 1y 102z 7
b Preft Z mln{nz Di, Ny - pz} T1 \/— Z mln{n “Diy Ny Pi }
zEX .
L = (E; + -2
_iG'Hb ,L'ebe

i€H?
Antonelli, Dasgupta, Salam JHEP 2000

()

—_

™+ (¢% — %) -pi + O(N?)

Heo

¢ Tla can be reproduced for dijet limit 7
i€H

[N



Beam, Jet, Soft functions

from Chris Lee’s talk

in SCET 2013

1
“jet function” “soft function” 24



