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Jet angularities

Use jet observables to study different
properties of QCD physics:
Infrared and collinear (IRC) safe 2 49 (prD)
»',a=10,0.51]and unsafe p.D
angularities
Charge dependent observables:
Qj and N,
Study the evolution of the
observables with energy scale N
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Experimental setup

Using 228 pb™ of data collected i
by the H1 Experiment during T ’ff
2006 and 2007 at 318 GeV
center-of-mass energy

P: incoming proton 4-vector
k: incoming electron 4-vector
q=k-k’ : 4-momentum transfer

Phase space definition:

0.2<y<0./
2 2
?et> 15>01((5)eC\;/ev | Reconstructed hadrons using
1 <pT <75 | combined detector
Ty information: energy flow

Jets are clustered with kt

algorithm with R=1.0 algorithm
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Detector-level Particle-level . .
2 step iterative approach
= Simulated events after detector interaction
3 Data are reweighted to match the data
§ \A = (Create a "new simulation” by transforming
y4 weights to a proper function of the generated
\ events
Machine learning is used to approximate 2
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" . ‘ = reco MC to Data reweighting
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= Previous and new Gen reweighting
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Detector-level Particle-level . .
Different input levels for each step
Step 1 particles are used as inputs

. Data
s Step 2 uses the set of observables planned
=
% \ )% to unfold
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Gen Jet
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Extracting particle information

Particle information is extracted using a Point cloud
transformer* model

Model takes kinematic properties of particles and use the
distance between particles in n-¢ to learn the relationship
between particles

Built in symmetries: permutation invariance

Consider up to 30 particles per jet
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*V. Mikuni and F. Canelli 2021 Mach. Learn.: Sci. Technol. 2 035027




All distributions are simultaneously unfolded.
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Systematic uncertainties

Systematic uncertainties currently considered
HFS energy scale: +- 1%
HFS azimuthal angle: +- 20 mrad
Lepton energy: +- 0.5% (mainly affects Q?)
Lepton azimuthal angle: +- 1 mrad (mainly affects Q)
Model uncertainty: differences in unfolded results between Djangoh and Rapgap
Non-closure uncertainty: Differences between the expected and obtained values of the closure test
QED uncertainty: Use the variation of measured quantities when radiation is turned off in the simulation
Statistical uncertainty: Standard deviation of 100 bootstrap samples with replacement
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Closure test All distributions are unfolded simultaneously without binning
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Dedicated DIS
generators do a good
job everywhere,
especially Rapgap
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(yet unreleased update
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job for most
distributions




Multi-differential

= T T T T T T T T T = T T T T T T T T T = = -o3. T T -2 3.00] T
T PR A bmats W] T el @ e A s W1 ] Dsoof @ iam A pymebs R B T A e Y - L R T~ S Y
Siosf e maecar o swepsaonio S125F o awecar 0 spsaono £ [ weear o semaono S  # awere o swepsono D 5L ® RwA O snemaaono 1 Z,gf® e 0 swmaono 1
s & DIANGOH T une s & DIANGOH 8 Totalunc. s & DIANGOH mm Toulunc S © DIANGOH  mm Toulunc 8 @ DUANGOH EE Toue  180¢Q%ca0GeVv | G © DIANGOH  mm Towlune 960 <O <858GaV:
B 1.00f O Hewarz 3 groopo reworz 1 gooopo wewerz 1 Sooo-o wewara 1 S o e [T P S s
b b o o
T R &y 1 B075F sy ccressscer: &’ 1 20l weomac 2y 1 2 ook w0corcaseaevt Q’q, ] 1.50) 1.50f E
P10 GoV 3@ B> 10 Gov f B>10Gev Py *® B> 10Ge 2 2
0.500 N i 4 osof wR-to % ¥ E keA-10 b k=10 1.00 1.00F k|
. 3 3 200 4 200 %o B
0.25F B 0.25F b” - B = 0.50| 0.50F 3
‘oo ° o
0.00E osnmbin o, P01, ¥ 0,00k Lot o O Lt K 0,00l s L B0 LOMIG Ll o o
T‘“OE' A e e aa! \i ‘T'ME‘ R A e \i '\_""WEI T T T T T T T 100 T T T T T T T < ST I T g e 2 . ° ° °
2 - — < o % & —3 = £ 2 0 £ 0
e P o] Do o] T e eeeee ] Efmeeceneeer o] BB istribution Is
Y i asab s - T PO ;muf"o PN gwouf'% LA L | S sp TR et B s e R T
& o & o 4 bopopia—e & 1 24 &9 .
TR Aokl T 100Eebieti et e e ) A00B b L T S T DRI bl v Ll v e 10 BOE OOVE .t rel v o vesal eore UiQ0
20 35 30 25 20 15 10 05 0.0 40 35 30 25 20 15 10 05 00 5 4 3 2 1 9 6 5 4 3 2 o 1,00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00 1,00 -0.75 -0.50 -0.25 0.00 025 050 0.75 1.00 slmu aneous
In(Al) In(Al) In(A2) In(A3) Jet Charge Q; (A}) Jet Charge Q; (1))
LRSSl aass aata aaad 1 Ty N — B AMfAtanaa At aaantansas aasa aennc nans s BIPPSININ S st snte Anss Basnt Anae Anns aeonc bease:
2 Fymass "1 ® toma | A Pmass 1 = Toak = (T DA S 0 23 O A Paks w1 S a0of @ kem A bymats AR . .
< © Shepmaonlo ® RAGAP O Sepadono < ” W | 2 % H1 3 ® RAPGAP O Sheps30N.0 3 ® AAPGAP O Swea3on.0
T pe ED pe 3 O ShemasonLo T 6.00F & RwaAP O shepa3onLO E S 250k ewne.] B th 2000 « 0% <5000 GeV?
S 100F & ouncon  mm Tomune S 0.80f & DUANGOH = Tomlune E £ = T 15 & DIANGOH B Tolau 8 & DIANGOH mm Toalure. 89807 <280 G B 250f & DiANGOH  mm Totalunc “”“;. proxiasl
B oaf O "7 13 O Henvig72 - R B 5000 reworz B O et A O RS e )
5 o 0.60 } | a
2 = * o o 4.00]
= 0.60]- 866 < O <2080 Gev* o ¥, d = 2080 < O <5000 Gev* 2 2 4,00} 465 ¢ 0 c 200 Gev* »L 42 2060 < 05000 Gev" g8 A 150F E 150 E
H i &0
* S ] T e : € energy scale
G4k, 1o - % 1 w.R-10 % o Re10 A - 2 1.00F 4 oo * E|
2.00F 1 &g »
o20f L Q’Q ] 4o < 100 % E o:s0f. 1 o=k - E
TP vt TR IO O TIOOR, oW Ll ke 000l OO L e s SR T T TR 8} o 0,00t bmemima?. B
T T T T T T T T T T T T T T T T T T T T T T T T T T T T — 50F " X 3 T : 7 i 7 Y — SOF ¥ 3 X 5 T 4 ¥ ‘
ey k- L A N E £
R PRI R AU, D O TI Loyl g O T B P e b i 1T U ol qooR Ve Ty op e el = e .
T L s D e ek T LT e e L ARRRS! i B A i s I g e L
e | 3 ko kng . ] 3 d o N 2 o 2 o )
T AT S L 2 STNETARASAS IS B TN | = o/ NP TOUN DU PPN TURTON S 7T AT VNIV UURY VT RUU TV A5V
30 35 30 25 20 95 90 05 00 20 5 90 05 00 T S S S I T S S S E— -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1,00 -0.75 -0.50 -0.25 0.00 025 050 0.75 100
In(A}) In(A}) In(A) In(A3, Jet Charge Q; (A}) Jet Charge Qi (A}) .
= pprr G e P S , INn more than
~Z100f @ Hidus A Pymasa LI i H1 [i ® toma A Mmass °  Fo woma A Rass su OO . s P
R e 3 0 swepsaonio 600[- & AWORP O Smsaono LU I>eoufu RARGHE O Stema3on0 L - Tram | & Pymebs Tl % APALRR L AL AN
z & DIANGOW [ Tomaiunc Z 0.80) = el une. 4 35 & DANGOH  mE Tom e 180.<QF 360 Gevt o & DINGOH  mH Towunc 90O GeV B 250F # RaeGRe O Snepazohio 4 82505 awoar O Swepazono E . . .
T 0800 Hewig72 13 O Hewig72 5 O Hemwig72 7> 10Gav B 500F O Hewg72 prwey 4 8 © DIANGOH  mm Totalunc 150 < O <360 GeV* o ® DUANGOH mE Totaunc 360 < O <868 GoV*
3 3 os0F 1 3 FnRSTY ® =10 © 200f O Hewig72 p>10Gv 1 D 200F O Hewg72 pTr10Gv
060 rd 2 400 4 2o 2 .10 = a.R=1.0
O wrmaw P 2 foamoancw  OF = = had - -
- > 10Gev. s " 040k #10cev ?U ® k| 3.00) 1.50) E| E
0.40| kr.R=10 A ? g knR=10 A * .
o $ 2,00 4 2.00 1.00F E E
0201 4 oz B a
100 o
0.50F E| E
. Ao | . Y., . L Lo, om0 L 2OW o, | 2 100, s
o. o. o. > 5 I o. 5 c it A m L L 1 L L *M
___mogl T T T —100ET T T T T T —100ET T T T T T 100" T T T T T o
= £ 7 T GIOE T T T g Y et a n eta
o o ) = IS S
= 1008 . . L =100kt ! 1 L L . = 100E-L . L L . 1 =100k L L L i i [ TR RTINS L A 45 0 R S PRI L T
3 T BT k] 5 g1 £
5 100ET T T T T o0l T T T T T OET T T T T T io0ET T T T T T £ : B :
100kt . L ; s P Rt L | L f i B h f f [T \ h f f 2 O voostebesescpopeleio vl & Sebobobosoepefoforerrur |
E E] 2 E -5 “ 3 -1 ) 00 02 04 06 08 1.0 00 02 04 06 08 1.0 - I U S S T e B e s En T
1 ' 2, x -
In(Afs) In(A5) prD (V3) prD (VA2) Charged hadron multiplicity Ne (A9) Charged hadron multiplicity N (A3)
il il ~o ¥ T T T T o T T T T T %1071 x10°! H
) ® i Pynasa | E = 1 oaa’ Pnass | T J < Higwa A Pynasd 1 < Hiosa A Pyniasd o T T o T
g e o e H1 ] 7 i thdua: 4 fibiens H1 L> & RAPGAP O Swpa3onO H L> & RAPGAP O SrepaloNO HY 5 ® oA Pumass H|S @ mom A Pmass H
< ea < o SnpasonLo T 600§ fomnoon 1t Tomene  sescotczman | B 600F & OuncoH mm Tomune om0 coicsioaai | Q & AAPGAP O Snepadomo B 200k e meoar o stemasonio E
£ 3 oimon ] Eooof = Toalunc E- bkt 5 10Gev 5 8 g9 55 10Gev 8200 oimcor = Toiee 0@ aman | B © DMNGOH  Em Tomu 2080 <O'<5000Gevt
& lerwig. = o R= . terw > 10 Gev torw 7' 10 Gev.
5 600 1% ° 2, o0 L ° oizit B e A1 2 ygof " - O ATI.
- = 400 4 = a00f i - ?a i A
B L v &ﬁ’g, © .00 20 canoon 5 ] Lo L3 ¥ *o $oy
L 1 o> 0o . > ol * 1.00f ¥ > ]
- - 2001 4 200} & 4 & $> 2
2001 % 4 20 w0 ] ™ & osof % 050 - 3’&,& 1
o e o .o, O g, R
000108 01 . . Ll o) 000l o) . . Lm0 b= - s : s - = P 0ob ettt &, X ettt et
—100| 1 & X T T T T T T T T T T T T T T
_10ET T T T T T o T T T T 3 5! & Tk 100 —100]
£ £ L S Z o o 3 £ g £ o
3 B 3 ook L L L L L L L L L & e T = AR ol
£ 100k . : : - L 100kt - L . - B 100ET T T T T T T T T T T 5 3
3100 T T T T T T uHJD T T T T T T i‘on A _ 100 I ! J T T T '0 _-100] ¥ 1 T ¥ I I T
] © o moy K » P 0 2 Lot 2
c o % 1 , | h . f . , h . L% S B SRR e N RN RO ATt
100kt " " . h f " - . - h - 00 02z 04 06 08 10 0z 06 08 10 2 4 6 8 10 12 14 z 4 6 8 10 12 14

1 < -
In(Als) In(ALe) piD (v 3) prD (VA2) Charged hadron multiplicity N (3) Charged hadron multiplicity N (3)



Mean value of all distributions also unfolded for free
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Multi-differential Standard deviation of all distributions also unfolded for free
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}(} Conclusions and prospects

P L - Jet observables are an unique laboratory to study QCD
22 | ounoor oo ek 1 I properties
58.00'_2 & okl of s A Energy scale evolution for each jet observable measured in
o o Py ® D 1 multiple Q? intervals from 150 to 5000 GeV?
s | ] Detector effects are corrected using the Omnifold method
% 6.00[- AF +§' y with particles as inputs using graph neural networks
< | & | Unbinned and simultaneous unfolding
45 ] Unfolded the means and standard deviations without bin
- % - artifacts
_ o ] Good agreement for dedicated DIS generators, worse
2,001 N %&F . agreement for general purpose simulators
S L 4 - Public results available at: DESY-23-034 and PLB 844
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Lund string hadronization model and CTEQ6L PDF set

Djangoh: Dipole model from Ariadne

. PS from leading log approximation

Pythia 8.3: default NNPDF3.1 PDF

Vincia: p_ ordered antenna and NNPDF3.1 PDF

Dire: dipole model, similar to Ariadne and MMHT14nlo68cl PDF
Herwig 7.2: Cluster hadronization and CT14 PDF set
Sherpa 3.0: Cluster hadronization pQCD at NLO accuracy for the 1 & 2 jet
final states and LO for the 3 jet contribution. Dipole shower.



