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H1 setup

* electron proton collisions from

HERA at\/s = 319 GeV

E,=727.6 GeV,
E, =920 GeV

e data shown here recorded In
2003-2007, corresponding to

& =351.6 pb~! e o

. focus on higher 0% > 150 GeV?
range



DIS kinematics

+ Photon virtuality Q% = — ¢> e K
P
» scale of perturbative process 1_]_
. Bjorken xp = ZL viZ jﬁf\l
P-qg : )
« momentum fraction (infinite , /'/p —rP
momentum frame) of proton P g
e
P-qg

. Inelasticity y = bk

* energy fraction (proton rest frame)
transferred from electron to parton



Breit frame

IMakris ’21]
» define by g = (0,0,0, — O) ‘ -
(M
e reference vectors <1—
n, = (1,0,0,1)
n_=(1,0,0,=1)

* two hemispheres (analogous to thrust

hemispheres in e e ™):

» A - current hemisphere p,-n, > p,-n

» A pbeam hemisphere p,-n, <p,-n_



1-jettiness

1 [Makris "21]
1 :
® T = — Z mln(p ] n 9 p ] ) n_) . ) L
QO _ q"
see also [Stewart, Tackmann, Waalewijn 10 “—

[Kang, Mantry, Qiu ’12
[Kang, Liu, I\/Iantry 13

equivalently 71 = 1 — — Z P,
ZE%C

see also [Antonelli, Dasgupta, Salam ’00],

(in Breit frame) — thrust in DIS [Dasgupta Salam ‘02]

* manifestly global (sensitive to radiation everywhere in phase space)

* equivalency allows measurement based on current hemisphere particles



H1 results . . .
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Calculation setup - CIliff notes

» CAESAR formalism for soft gluon resummation at NLL [Banfi, Salam, Zanderighi *04]
 available as implementation in Sherpa (Gerwick, Hoche, Marzani, Schumann "15
[Baberuxki, Preuss, DR, Schumann '19

 multiplicative matching (= NLL accurate)

* necessary extensions for jet observables... :

[Dasgupta, Khelifa-Kerfa, Marzani, Spannowski ‘12
e modified wide angle behaviour [Caletti, Fedkevych, Marzani, DR, Schumann, Soyez, Theeuwes ’21]
[DR, Caletti, Fedkevych, Marzani, Schumann, Soyez ‘22]

) non—global Iogs [Dasgupta, Salam "01]

* ... and for soft drop grooming [Larkoski, Marzani, Soyez, Thaler *14]

« CEASAR style formulas available [Baron, DR, Schumann, Schwanemann, Theeuwes ‘20]
38
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Calculation setup - details

 master formula for rIRC save observable: [Banfi, Salam, Zanderighi *04]

o |
52 (v) = / 18572 exp |~ S RP(L)| P55 (L) S5 (L) FB5 (L)YH? (B5)
dB; les _

* Ingredients known analytically in this case
o — Tred | Tpo —The Tl N - 2%2)

o (0) | o (0) o (0) o (0)

* matChing: 2imatched = 2ures (1 |
. Note 2](5) included — using “projection to Born” technique in Sherpa
[Hoche, Kuttimalai, Li 18]

e cross sections / normalisation correct to NNLO, distributions at NLO
— overall label as (N)NLO



Non-perturbative corrections

transfer matrlx ungroomed jet width

0.5

central dljet R = O 8
chg. tracks only

» earlier approach: * here, extract transition matrix

047 between parton- and hadron level
HL MC,HL PL L
<03 do — _do /dv do bins in p;- and observable v
12 dv dsMGC,PL, 4, dv
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Sherpa MEPS@NLO - setup

—

» using Sherpa 3.0.05 g0 ‘ ‘ ‘
z f e ?

O | '
. z 1071 ﬂ% =
+ MC@NLO matching, CKKW <t T - ;
merging to include = SR :
e p—e +1,2]QNLO + 3,45 QLO | 4 zevsDam :

1072 = —— SHERPA
E 1-1072<x<5-1072

- 320 GeV? < Q? < 640 GeV?
* tuning of beam-fragmentation 104 L —~
. 13 = =
parameters in DIS § e =
9 & :
* replica tunes to estimate related 07 £ =

0.5

uncertainty : ; ’ °



Sherpa MEPS@NLO - results

do/dt [pb]
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Soft drop method
° %_ —

soft-quark grooming (final state) — / Fail \ - / Pass

 popular jet substructure technique: %_ —

[Larkoski, Marzani, Soyez, Thaler '14]

$eccnsl

...............

...............

3 * decluster given jet

=p b = 1

E;f% N\ * go through sequence, remove softer branch
%\ N\ if too soft (relative to parameter 7., )
ae

o extended to DIS in [Makris '21]
[Arratia, Makris, Neill,

idea: avoid | * based on Centauro jet measure Ringer, Sato 21}

~—soft wide-angle |
phase space | » calculation based on implementation in

[Baron, DR, Schumann, Schwanemann, Theeuwes '21] 14
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0e transfer matrix, ungroomed jet width
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Non-perturbative corrections with SD
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(N)NLO+NLL’+HAD results

Reminder: without grooming
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Sherpa MEPS@NLO results with SD
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 differences significantly reduced compared to ungroomed case — agreement
within uncertainties for most 7 values

e some discrepancies appearing around transition point for larger z.,,
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H1 results
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» groomed 1-jettiness, measured In larger v, Q2 range

e comparison agains several MC generators
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Outlook - groomed mass

e further measurements:

* mass of groomed Centauro jet

 same techniques apply %oz precivinary
_ invariant mass p = m?/Q?
for calculation

grooming with zqut = 0.05

—+— Sherpa
—+— LO+NLL'+NP

d In pSP

5

e new transfer matrices, NLO

calculation necessary
_ _ 0.05
— work In progress with
Steffen Schumann, =11
Leon Stocker RN
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Summary

* Presented preliminary measurements of 1-jettiness and groomed 1-
jettiness with the H1 detector at \/E = 319 GeV

e New calculations

 state-of-the art Monte Carlo pred_ictiOlna W&I?\I%%erp% 17 QL0
MEPS@NLO accuracy: ©pme mha T

 (N)NLO+NLL +HAD predictions from Sherpa+CAESAR

* renewed interest, both experimentally and theoretically in light of
upcoming EIC and proposals like LHeC, FCC-eh

see also [Banfi, Ravviso, Jager, Karlberg, Reichenbach, Zanderighi '23]
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