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Jets in DIS and the strong coupling

Process Collab. | Value | Exp. Th. Total (%)
(1) Inc. jets at low Q2 H1 |[0.1180 | 0.0018 | *Poi24 20126 +10.6
(2) Dijets at low Q? H1 [0.1155 [ 0.0018 ; Tooms  tan ]
(3) Trijets at low Q? H1 |[0.1170 | 0.0017 | T5oora ooe a4
(4) Combined low Q? H1 ]0.1160 | 0.0014 | 15009 My
(5) Trijet/dijet at low ? H1 |0.1215| 0.0032 | 500 Htsr  Tex
(6) Inc. jets at medium Q? H1 0.1195 | 0.0010 e byt SR v
(7) Dijets at medium Q? H1 0.1155 | 0.0009 [ *o003s o008 81
(8) Trijets at medium Q? H1 0.1172 | 0.0013 | T35 ooas To0ms 80
(9) Combined medium Q? H1 0.1168 | 0.0007 | 1oooas o tea 13l
(10) Inc. jets at high Q? (anti-kr) ZEUS |0.1188 | 190036 | +0.0022 | +0.0042 433
(11) Inc. jets at high Q? (SIScone) ZEUS |0.1186 [ 129036 | +0.0025 || +0.0048 37
(12) Inc. jets at high Q? (kp; HERA I) | ZEUS | 0.1207 | 192038 | +D-0022 TooNse 138
(13) Inc. jets at high Q? (kp; HERA II) | ZEUS [ 0.1208 | 10 00ss o e 1o
(14) Inc. jets in yp (anti-k7) ZEUS |[0.1200 | *0o0as | Tooos e 153
(15) Inc. jets in yp (SIScone) ZEUS |0.1199 | 5005 by ooty 5o
(16) Inc. jets in yp (k) ZEUS ]0.1208 | *5o053 | Yoooss || Toooao 133
(17) Jet shape ZEUS | 0.1176 | *5o0 | Tooorz || Tooorr T
(18) Subjet multiplicity ZEUS |[0.1187 | 1o | toooe Tt 1o
HERA average 2004 0.1186 | £0.0011 | £0.0050 || £0.0051 +4.3
HERA average 2007 0.1198 | 20.0019 | £0.0026 || £0.0032 £2.7

Table 1: Values of ay(Myz) extracted from jet observables at HERA together with their
uncertainties (rows 1 to 18). The 2004 [10] and 2007 [11] HERA averages are shown in the

last two rows.

Extractions from
exclusive jet cross
sections have order
10% uncertainty,
dominated by theory

Improve to
level of ete?

C. Glasman, in the Proceedings
of the Workshop on Precision
Measurements of &

[1110.0016]



N _j etti N e S S Stewart, Tackmann,Waalewijn (2010)

*A global event shape measuring degree to which ™ = 5p me{qA DB * PksG1* Phs - -+ qN * Dk}
final state is N-jet-like. > # beams # jets

d1

groups particles into regions,
according to which vector g;
is closest.

. Factorization and
Resummation-friendly

qN



| -Jettiness in DIS

k
e
e “[|-jettiness” in DIS measures final states
with beam radiation + one additional jet
0,
@0 )
n= 0 Y min{gs - pi,qs - pi}
1€ X
Digh bJ
T : Ho T '

e Different choices of axes are
possible: different sensitivity
to ISR transverse momentum

q; =q+aP



Factorization Theorem for DIS thrust

do(z, Q%)

Start in QCD: S = Ly (2, Q)W (2, Q% )
1
leptonic hadronic
tensor tensor

WH (x,Q% 1) = / d*z ' (P|gy*q(z)6(m — 71)@7" q(0)|P)
$1‘X> — Tl(X)|X>

0 (/ U QO O
QW 1 FEo o
@ () )~ QS 0P U @

00 S =

Measure 77 ' of particles crossing the cut




Factorization Theorem for DIS thrust

Factor collinear and soft matrix elements:

hard function

W (2, Q%, 1) :/de/dTJdTBde(C*(QZ,u)C(QQaMD5(71 L ks)

sy Sp Qr

beam function

jet function

(+ permutations)

jet function soft function
1 do(z, Q%) 2 / 2 » tr B ks
— H(Q% ) | d?p dt dtgdksd
o0 de (Q M) plratjalparso| T4 0?2 Q2 Q

x Jo(t; — P71, 1)By(ts,z,p7, 1)S(ks, 1)



Nonperturbative corrections

* In general, soft function expressed as convolution of perturbative part N=0,1=06,4 =50 MeV,

and nonperturbative shape function: 1ol

S(ks, 1) = / dl Spr (ks — 1, 1) Sxp (1)

0.0 0.5 1.0 1.5 20
* For large enough 7 (kg) | leading effect is a shift: k (GeV)
observable dependent,

C
() 1 € calculable coefficient

<€> < >PT T Ce—=

Q ()1 universal nonperturbative parameter

» Rigorous proof (and field theory definition of {27 ) from factorization theorem and boost invariance of soft radiation:

1 _ —
QO = — Tr(0[Y" YTéJT( )Y, Y 0}
N¢

“energy flow operator

oy My, £

soft radiation sees only direction, not energy, of original collinear partons, invariant to boosts along z




DIS thrust cross sections

D. Kang, CL, Stewart

Resummed to N3LL accuracy: (2015 and in progress)

Q=15GeV, z=0.01 NLL Q =50GeV, z=0.05
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can be related to other D. Kang, CL,

f DIS event shapes Stewart (2013)

or even pp to | jet Stewart, Tackmann,

: observables Waalewijn (2014)
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DIS thrust cross sections

Tail region, fixed x, low to high Q:

71 Q =50GeV, x=0.1
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DIS thrust cross sections

Tail region, fixed Q, low to high x:

QQ=50GeV, =001 = ‘- NLL QQ=50GeV, =005 = = NILL
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Experimental sensitivity and strong coupling

Current theoretical uncertainty

Current theoretical uncertainty on the order of |%
vs. HERA or EIC coverage: Y °

sensitivity to a, and PDF uncertainties:
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(2015 and in progress)



Outlook

NSLL resummed predictions for DIS thrust to be published soon.

Event shapes in DIS promising candidates for precision determination of
strong coupling, PDFs, and hadronization corrections

Results from HERA or an EIC may shed light on “low” value of LEP event
shape determinations of strong coupling



