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HCal Function at the EIC N

O Particles and jets will have relatively low momenta except in the
forward region — track momentum resolution superior to
calorimeter resolution for much of the phase space

| Calorimeter: A/VNE & B
Tracker: A*p 6 B

AE/E (AP/P)

O Track momentum + PID = Energy determination

(1 Hadron calorimeters needed for measurements of neutral hadrons
(neutrons and K_L)

(1 Possible muon ID? KLM?
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DIS Event Kinematics

EIC Phasespace
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O For the leading order process, jet location and energy are
dictated by the event kinematics (x, Q2, y)

O For a given Q?, inelasticity determines x value probed and
pseudorapidity of the jet

» Low y -> high x, jet at positive pseudorapidity

» Highy->low x, jet at negative pseudorapidity
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O Asy->1, the struck quark takes the full electron beam energy 10

(] Different detector considerations in forward and backward
regions

Electron and Parton E vs Eta: 18x275: 0.01 <y < 0.1

Eta

Electron and Parton E vs Eta: 18x275: 0.3 <y < 0.4
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L Look at energy vs pseudorapidity of the
scattered electron and struck quark as a
function of y and Q2

U For fixed Q2, as y increases, electron eta
increases while parton eta decreases

10<Q?%2<100

Electron and Parton E vs Eta: 18x275: 0.01 <y < 0.1 Electron and Parton E vs Eta: 18x275: 03 <y < 0.4
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Electron and Parton E vs Eta: 5x41: 0.01 <y < 0.1
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Electron and Parton E vs Eta: 5x41: 0.6 <y < 0.7
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Electron and Parton E vs Eta: 5x41: 0.3 <y < 0.4
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quark move to larger eta for all values of y
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L As Q? increases, both the scattered electron and struck
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Electron and Struck Quark (5x41)

L Maximum parton / jet energy in. the backward region

will be determined by the electron beam energy

Electron and Parton E vs Eta: 5x41: 0.01 <y < 0.1
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(Charged) Particle Distributions (18x275)
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Neutral Hadrons (18x275)

O Neutral hadron energy vs eta distributions very similar to
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O How well can we reconstruct the parton kinematics from
these particles?

O Can we form jets away from the struck parton?



Jet Algorithms

1 Sequential recombination algorithms, especially Anti_ky, have been the
“industry standard” at hadron colliders for a number of years
Anti_kT
dij — min[pt—iZ’ pt_jZ]ARij/R U Is this appropriate for very forward jets or Born-level jets in the Breit frame
where transverse momenta are by definition small?

1 Look at alternative distance measures such as spherically invariant and

EE_KT (Spherically Invariant) . . , : _ _
symmetric EE_kt or longitudinally invariant and anti-symmetric centauro
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Jet Distributions: Anti_k (18x275)
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Jet Distributions: EE_k; (18x275)
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 Need to understand the artifact around eta = 4, must be

related to particle eta cut
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O Overall distributions are similar for EE_ky algorithm

O In general, see larger number of jets, more jets at

higher eta, and more jets away from struck quark
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Jet — Parton Energy Comparison: Anti_k; (18x275)
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Jet — Parton Energy Comparison: EE_k (18x275)
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Some Thoughts on Physics Impacts

J Hermiticity

» Determination of event kinematics — especially for photoproduction
and CC where we rely on hadronic reconstruction

» Precision event shape measurements — want to know as well as
possible distribution of particles/energy
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Some Thoughts on Physics Impacts

J Hermiticity

» Determination of event kinematics — especially for photoproduction
and CC where we rely on hadronic reconstruction

» Precision event shape measurements — want to know as well as
possible distribution of particles/energy

] Jet Reconstruction

» Fast simulation studies have indicated that JES and JER can be
greatly improved in the barrel and backward region by tagging
neutral hadrons

» Needs study in full simulation
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Some Thoughts on Physics Impacts

J Hermiticity
» Determination of event kinematics — especially for photoproduction
and CC where we rely on hadronic reconstruction EIC Phasespace

. . o 10°
> Precision event shape measurements —want to know as well as & ' E

18x275

possible distribution of particles/energy o

. 5x41
] Jet Reconstruction 107

» Fast simulation studies have indicated that JES and JER can be ‘0
greatly improved in the barrel and backward region by tagging
neutral hadrons L

Pert
Non-Pert

» Needs study in full simulation o

(J Low-x and Saturation o2l

» Lowest x values correspond to high inelasticity — hadronic activity
goes to negative eta
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Some Thoughts on Physics Impacts

J Hermiticity

» Determination of event kinematics — especially for photoproduction 5x41: 10 < Q2 <100
and CC where we re|y on hadronic reconstruction Charged Hadron xEeynman vs Eta: 5xd1: 0.01 <y < 0.1 _ Gt Hcron oomanve 34103 <y <04

w 1
» Precision event shape measurements — want to know as well as by
possible distribution of particles/energy 0z

T[T T

1 Jet Reconstruction

» Fast simulation studies have indicated that JES and JER can be ) em
greatly improved in the barrel and backward region by tagging s odon:Fenan v i 5106 < <07
neutral hadrons

» Needs study in full simulation

J Low-x and Saturation

» Lowest x values correspond to high inelasticity — hadronic activity

goes to negative eta [ Define xF as 2*particle_pZ/W in the hadron-
boson center of mass frame

d Target Vs Current Fragmentation
O Z-axis defined w.r.t. the virtual photon 16



Backup
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HCals in the Yellow Report: Neutral Veto

O Yellow report era

w 0.5 w 0.5 studies saw that neutral
g o4k Jot Sosle g "y 1 Yot Fiosciution hadrons can spoil JES
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J Need to confirm in

. : : : . . modern full simulation
Figure 8.57: Demonstration of the effect of selecting only jets which do not contain a neutral

hadron (green circles) on the jet energy scale (left) and resolution (right) as compared to the
cases when all subsystems are used in jet finding (red squares) and when HCal information

is excluded (blue triangles).
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HCals in the Yellow Report: Resolution
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Figure 8.56: Jet energy scale (left) and resolution (right) as a function of jet pseudorapidity
when selecting smeared jets with pr > 10 GeV/c¢ for different values of HCal energy resolu-

tion: 100%/v/E & 10% (red squares), 75%/+/'E & 10% (blue triangles), and 50%/v'E & 10%

(green circles).

O Can HCal with better
resolution help?

[ Seems that resolution
around 50% can
compensate for neutral
fluctuations

O Again, needs to be
confirmed in modern
simulation
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U For Born-level process, struck quark kinematics are
Stru Ck Qu d rk + FS R ( 18X275) correlated with event kinematics

Parton E vs Eta Afler Radiation: 18x275: 0.01 <y < 0.1 Parton E vs Eta After Radiation: 18x275: 0.3 <y < 0.4 . . . . .
510 U Final state radiation can alter quark kinematics
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L Behavior as a function of Q2, y, and beam energy is still

seen
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(Charged) Particle Distributions (5x41)

Charged Hadron E vs Eta: 5x41: 0.01 <y < 0.1 Charged Hadron E vs Eta: 5x41: 0.3 <y < 0.4 [ Of course, it is final state hadrons which are measured
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O Gammas and neutrals follow same pattern
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(Charged) Particle x-Feynman (18x275)

O Define xF as 2*particle_pZ/W in the hadron-boson

Charged Hadron xFeynman vs Ela: 18x275: 0.01 <y < 0.1 Charged Hadron xFeynman vs Ela: 18x275: 0.3 <y < 0.4
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O Positive xF indicates particles more associated with the
struck quark
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center of mass frame

O Z-axis defined w.r.t. the virtual photon
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(Charged) Particle x-Feynman (5x41)

o Charged Hadron xFeynman vs Ela: 5x41:0.01 <y < 0.1 o Charged Hadron xFeynman vs Eta: 5x41: 0.3 <y < 0.4 B D Larger negative XF partiCIES come intO the detector
3 o acceptance for lower beam energies
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O Study differences in fragmentation in these regions

O Look at correlations between these regions



