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MOST COMPELLING SCIENCE QUESTIONS

/~ How are sea quarks and gluons and their spin dlstrnbuted N
in space and momentum inside the nucleon?

‘5 How are these quark and gluon distributions correlated with the \§& %2
over all nucleon properties, such as spin direction?

@ What is the role of the motion of sea quarks and gluons |
in building the nucleon spin?

/" How does the nuclear environment affect the distribution
of quarks and gluons and their interaction in nuclei?
> How does the transverse spatial distribution of gluons compare to that in the nucleon?

How does matter respond to fast moving color charge passing through\t?. .
% Is this response different for light and heavy quarks? >
e

4 Where does the saturation of gluon densities set in?

% Is there a simple boundary that separates the region from.
more dilute quark gluon matter? If so how do the distribution
of quarks and gluons change as one crosses the boundary?

‘5 Does this saturation produce matter of universal properties in
the nucleon and all nuclei viewed at nearly the speed of light? /




REQUIREMENTS TQO REALIZE THE PROGRAM

- - <’

Requirements from Physics:

Q High Luminosity ~ 103 cm-2s-! and higher

O Flexible center of mass energy

K Electrons and protons/light nuclei (p, He?® or D) highly polarised

O Wide range of nuclear beams (D to U)

O a wide acceptance detector with good PID (e/h and =, K, p)

O wide acceptance for protons from elastic reactions and
neutrons from nuclear breakup

» v
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WHAT IS NEEDED TO REALIZE EIC PROGRAM

all need /s, > 50 GeV
to access x < 10-3 where

sea quarks and gluons
‘Nominate
L£~10fb~"

L£L=10=100f"1

* multi-dimensional binning
® to reach kr > 1 GeV
® to reach |t]| > 1 GeV?

gquestions:

inclusive and semi-inclusive DIS

longitudinal motion of spinning quarks and gluons

etectorreg Juirameﬂ

azimuthal asymmetries in DIS

adds their transverse momentum dependence

exclusive processes

— — adds their transverse position
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eRHIC:
A very novel machine design
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RHIC — A HIGH LUMINOSITY (POLARIZED

HADRON COLLIDE

- .'_ﬂ & — r ,- . - - - ?‘E = ..-- v po— -
A Polarized Jet Target
EIeé’chFl Enses 12:00 o’clock

(Electren coollng) ;
*,i

8:00 o’clock 3 g W T |

N ——— \ e T e .
e S’TAR 5 4:00 o’clock
LINAC ﬁ‘;ﬁ.’“‘ £ 7 6:00 o’clock
o Booster._ R BT

P

SN PP, Operated modes (beam energies):

Az e 3.8/4.6/5.8/10/14/32/65/100 GeV/n
96.4 GeV/n
11/31/100 GeVin
11/31/100/205/250/255 GeV

_ 100 GeV/n
Achieved peak luminosities: S 100 GeV/n

Au —Au (100 GeV/n) 195 x10¥ cm?s e @ Planned or possible future modes:
pT —pT (255GeV) 245 x 10%® cm?2s s é AU—Au 2.5 GeVin

Other large hadron colliders (scaled to 255 GeV): [EES =08y pT — A* 100 GeV/n (A = Au, Cu, Al)
Tevatron (p —pbar) 110 x 10¥%cm?2s-! . 100 GeV/in (A = Au, Cu, Al)

LHCEp - p) 493 x 103 cm2s ! pIS, Aprjl ot iiat o, — SHeT* 166 GeV/n E (tasymmgisdigisiity)



WHAT 1S eRHIC

Add an electron accelerator to the existing $2.58 RHIC
including existing RHIC tunnel and cryo facility

Electron accelerator @ RHIC

OT 70% Polarized protons
50-250 GeV

)

Unpolarized and .

polarized leptons . } { Light iqns (d,Si,Cu)
5-20 (30) GeV T - <_ Heavy ions (Au,U)

50-100 GeV/u
|

70% e- beam polarization goal ‘T Polarized light ions
\

polarized positrons? He3 166 GeV/u

Center mass energy range: /s=30-200 GeV: L~100-1000xHera
any polarization direction in electron-hadron collisions

protons
electrons —> = —> e —> € —> —
e e o = b — = = @ 4 & -
XX X X X

IRUEN
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eRHTL DESTEN

Up Energy, GeV
tw
Sit CM energy, GeV

ele
Ac Bunch frequency, MHz

Hi
ER’ Bunch intensity (nucleons), 101!
(

lun

o O O 0O

Bunch charge, nC

U

Ne Beam current, mA
an

Hadron rms norm. emittance, um

FFAG Recit

1366¢ Electron rms norm. emittance, pm

7.9-21.2¢C Beta*, cm (bo‘l’h planeS)

: Hadron beam-beam parameter

Electron beam disruption

Space charge parameter

_ rms bunch length, cm

e e
| €&t Polarization, %

ﬂ“%

Peak luminosity, 1033 cm-2s-!

eR!

15.9 250
122.5
9.4 9.4
0.33 0.3
5.3 4.8
50 42
0.27
31.6
5 5
0.015
2.8
0.006
0.4 5
80 70
1.5

DIS, April 2014, Warsaw

167 100 g RHIC
81.7 63.2 | full
9.4 9.4 n):
0.6 0.6
6.4 3.9 .
:nlous
55 33
0.20 0.20
34.7 57.9 \
5 5
0.014 0.008
5.2 1.9
0.016 0.016
5 5
70 none
2.8 1.7 e
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Brookhaven Science Associates

eRHIC:
Three Detector Realizations Studied
a Model Detector
ePHENIX
eSTAR
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THE MODEL DETEZ'T OR

Forward

Upstream

+n

hadron beam

~1. DIRC or proximity focusing Aerogel-RICH + TPC: dE/dx
1< |r||<3 RICH

Lepton-ID:
-3 <n< 3: e/p
1<|n|<3: in addition Hcal response & y suppression via tracking
Inl>3: ECal+Hcal response & y suppression via tracking -
Bmoﬁavg]&,gee Tracking (TPC+GEM+MAPS) BROOKHMAUEN
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SPHENIX TO ePHENIX

ePHENIX

sPHENIX

sl I

- ‘ <
-, N |
by N h

SN _Li— [~

Concept for an EIC detector build around the BarBar solenoid

arXiv:1402.1209
100 . n=+;"/; 400
BarBar-Magnet: 1.5 T '
R (cm) / R (cm)
4 Barrel + Forward
300 — 5 - 300 -
Lead - Scint Ecal:
12%/VE
200 — - 200
as Back Ecal: Crystal
zs4.0m
a 1.5%/VE
100 L 100
QOutgoing
. . hadron
N & ~—1 1 1 beam
| o 7 | o - — >
o -1 p/A =300 -200 100 0 100 200 300 400 |:| |:||:| BnnuKHA;'E"
GEM GEMs GEM GEM GEM
) . ° Stationls stationz sl (cm) ZDC Roman Pots NATIONAL LABORATORY
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) TAR TO eSTAR

eSTAR LoI: https://drupal.stgebnl.gov/STAR/sta
2g25% :
T i
77777777777 —_— E —_— :,7,7,7,7,7,7,7_
- < ek S
"!E’\ = - |
o IS . s
B IEISNENTNE Tay &
2] IS
o 4&“ = A 777[_\77 =
i = 2B
=N .
: S [ ~
g u — — —
g T - ) il
- & (
< —
U\ | oH
S Q) 7L [HHH
; LTI
Strategy: K y

add lepton ID for n > -1 (indicated in red)
add tracking Ecal and Hcal for n > -2 (indicated in green)
move RP to correct locations BROOKHRUEN
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eRHIC:
Interaction Region
Polarimetry

and

Luminosity

~y
BROOKHRVEN
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REQUIREMENTS FROM PHYSICS ON IR

Summarized at:
https://wiki.bnl.gov/eic/index.php/IR_Design_Requirements

Hadron Beam:
1. the detection of neutrons of nuclear break up in the outaci=~—

direction = location/acceptance of ZDC
2. the detection of the scattered =-——

4. mini=z< impact of detector magnetic field on lepton beam
- synchrotron radiation

3. space for low Q? scattered lepton detection

4. space for the luminosity monitor in the outgoing lepton beam direction

5. space for lepton polarimetry

Brookhaven Science Associates NATIONAL LABORATORY
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https://wiki.bnl.gov/eic/index.php/IR_Design_Requirements
https://wiki.bnl.gov/eic/index.php/IR_Design_Requirements

Horizontal Displacernarit (mm)

eRHIC: IR DESIGN

600

ilosophy: look to detect forward
particles in the warm section

between the IR magnets(?
and Crab Cavities.,

‘‘‘‘‘‘‘

Distance from IP (mm)

Design: compromises detector and machine requirements

Brookhaven Science Associates

DIS, April 2014, Warsaw
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eRHIC: IR DESIGN

MDI Treaty Lineg
@ 4.5 m:

300
|

200
|

100
!

Horizontal Displacement (mm)

p = 80%p,

p = 50%p,

Electrons pass

-100
L

through essentially
zero B-field 5000

Brookhaven Science Associates

| | | |

IR design integrated in Detector MC framework:

= Direct import of CAD files
m Geometry
= Material tags

m Direct import of .madx field info files
m Detectors: Roman pots, ZDC, Lumi monitor,
e-Polarimeter




P’ FROM EXCLUSIVE REACTIONS

&
P
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15 GeV on 50 GeV

OO

150

proton momentum [GeV/c]
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0.02

0.01

0.004 < xg < 0.0063
10 < Q%/GeV2< 17.8

0
0

02 04 06 08 1
br (fm)

12 14 16

Q t (~p,2) reach influences by uncertainty
T~ 0.175 GeV2 > 300 GeV? 5f/f > 50%

O beam cooling critical to achieve high

low t (p,) acceptance

simulated
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KINEMATICS OF BREAKUP NEUTRONS

Results from GEMINI++ for 50 GeV Au

|  theta distribution of neutrons at E* =10 MeV | hizstoThetall |
Entriez 9143 |

nl

250" ||| Important:
u - - : H : hiztoThetas00
- | For coherent VM-production rejection power istoThetaS00
20— | of incoherent needed up to 104 Mean 1.5
B - ZDC detection efficiency is critical
150—
woF. | an we reconstruct the eA collision geometry:
sof- e
o i :
0 2 4 6 8 10 12 14 16 dl[Bfmio ° OO 2 4 (IS é 1‘0 1‘2 14 16 dl‘[sfmio
[¥] Al "E Lr
%IIII.IIIIIIEIIIII!EI II4.I|_|II'|5|IIIIEIIIIITIIIIIﬂ
mrad
=——  +/-Bmrad acceptance seems sufficient
BROOKHEUVEN
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POLARIZATION AND LUMINOSITY COUFPLING

0 Concept:
Use Bremsstrahluna ==

DIS, April 2014, Warsaw Eim



eRHIC LEPTON BEAM

> eRHIC design is using the idea of a “"Gatling” electron gun with a combiner?
- 20 cathodes

= one proton bunch collides always with electrons from one specific cathode

Important questions:
Q What is =

~wow much polarization loss do we expect from the source to flat top in the ERL.
- Losses in the arcs have been significant at SLC

Q Is there the possibility for a polarization profile for the lepton bunches
- if then in the longitudinal direction can be circumvented with 352 MHz RF

nce Asso NATIONAL LABORATORY

' | BROOKHRWEN
Brookhave?ggea'ls ta(';!aﬂegby V' P'“"'SYN 00
20 DIS, April 2014, Warsaw E.C. Aschenauer



THE LEPTON POLARIMETER: LOCATION?

solenoid aligned

with ion beam Polarimeter
wein . Laser
Compton
photon <
detector

laser polarisation
. . needs to be -p
O Measure Polarization at IP  monitored

Q Atter IP:
O does collision reduce polarization?

O need to measure at location, where bremsstrahlung contribution is small
O Before IP:

O need to find room for photon calorimeter

Brookhaven Science Associates NATIONAL LABORATORY
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RHIC HADRON POLARIMETRY

Polarized hydrogen Jet Polarimeter (HJet)
Source of absolute polarization (normalization of other polarimeters)
Slow (low rates = needs looong time to get precise measurements)

Proton-Carbon Polarimeter (pC) @ RHIC and AGS

Very fast = main polarization monitoring tool

Measures polarization profile (polarization is higher in beam center) and
lifetime

Needs to be normalized to HJet

Local Polarimeters (in PHENIX and STAR experiments)
Defines spin direction in experimental area
Needs to be normalized to HJet

arization

Brookhaven Science Associates NATIONAL LABORATORY
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RHIC HADRON POLARISATION

beam polarization decay through fill > P(t)=Poexp(-t/z,)
growth of beam polarization profile R through fill

Account for

At injection energy] |

Pol. Profile R

e
d m
C W
00 02 04 06 08 10 12
Time in Fill, hours

Polarization lifetime has consequences for

physics analysis

- different physics triggers mix over fill
= different <P>

Brookhaven Science Associates

DIS, April 2014, Warsaw *  °

pCarbon
polarimeter

2
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= | | P, —
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SUMMARY

O Established and documented requirements from physics on the
detector and IR design

> https://wiki.bnl.gov/eic/index.php/Detector Design_Requirements
> https://wiki.bnl.gov/eic/index.php/IR Design_Requirements

[ Performed three different design studies on eRHIC detector
realizations
> a model detector
> ePHENIX
> eSTAR

O Working hand-in-hand with CAD to integrate into the IR-design
» Roman Pots and a low Q2 tagger
> the luminosity detector
> electron and hadron polarimeter

@ Continue to optimize and finalize current detectors and IR design

THANKS TO MY EIC-BNL-TF COLLEAGUES AND CAD

Brookhaven Science Associates NATIONAL LABORATORY
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https://wiki.bnl.gov/eic/index.php/Detector_Design_Requirements
https://wiki.bnl.gov/eic/index.php/Detector_Design_Requirements
https://wiki.bnl.gov/eic/index.php/IR_Design_Requirements

FURTHER TALKS ON eRHIC AND DOCUMENTS/PAPERS

d Wednesday WG-7
> A. Kiselev: Baseline Design of an eRHIC Detector and Interaction region
» E. Sichtermann: eSTAS-a detector for eRHIC
> A. Bazilevsky: ePHENIX: An EIC detector built around the BaBar magnet
» J.H. Lee: Probing Gluon saturation through Dihadron Correlations at an EIC

d Thursday WG-6+7
> T. Burton: Charged current DIS on longitudinally polarised nucleons at an EIC

O Documents

» INT-Report: Gluons and the quark sea at high energies: distributions, polarization,
tomography arXiv:1108.1713

» EIC-WP: arXiv:1212.1701

O Physics Papers:

O Probing gluon saturation through dihadron correlations at an Electron-Ion Collider; L. Zheng, E. C.
Aschenauer, J. H. Lee, Bo-wen Xiao arXiv:1403.2413 PRD 89 (2014) 074037

O Prospects for Charged Current Deep-Inelastic Scattering off Polarized Nucleons at a Future
Electron-Ion Collider; Elke C. Aschenauer, Thomas Burton, Till Martini, Hubert Spiesberger, Marco
Stratmann arXiv:1309.5327 PRD 88 (2013) 114025

O Deeply Virtual Compton Scattering at a Proposed High-Luminosity Electron-Ion Collider;
Aschenauer, E.C., Fazio, S., Kumericki, K. and Mueller, D. arXiv:1304.0077, JHEP09(2013)093

O Helicity Parton Distributions at a Future Electron-Ion Collider: A Quantitative Appraisal;
Aschenauer, E.C., Sassot, R. and Stratmann, M. arXiv:1206.6014 Phys.Rev. D86 (2012) 054020
0 The dipole model Monte Carlo generator Sartre 1; Toll, T. and Ullrich, T.; arXiv:1307.8059

O Exclusive diffractive processes in electron-ion collisions; Toll, T. and Ullrich, T.;

arXiv:1211.3048 Phys.Rev. C87 (2013) 024913 BROOKHEUEN
Brookhaven Science Associates NATIONAL LABORATORY
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http://arxiv.org/pdf/1403.2413.pdf
http://arxiv.org/pdf/1403.2413.pdf
http://arxiv.org/pdf/1309.5327.pdf
http://arxiv.org/pdf/1309.5327.pdf
http://arxiv.org/pdf/1309.5327.pdf
http://arxiv.org/pdf/1309.5327.pdf
http://arxiv.org/pdf/1309.5327.pdf
http://arxiv.org/pdf/1304.0077.pdf
http://arxiv.org/pdf/1304.0077.pdf
http://arxiv.org/pdf/1304.0077.pdf
http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/pdf/1307.8059v1
http://arxiv.org/pdf/1307.8059v1
http://arxiv.org/pdf/1307.8059v1
http://arxiv.org/pdf/1307.8059v1

BACKUP
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WHAT IS NEEDED TO REALIZE THIS PROGRAM

Inclusive Reactions in ep/eA: y s
Q Physics: Structure Fcts.: gy, F,, F, ® %,

Q Very good electron id - identify scattered lepton Y @)

Q Momentum/energy and angular resolution of e' critical

Q scattered lepton 2> kinematics of event (x,Q3)\ X,

P(pu)

Semi-inclusive Reactions in ep/eA:
A Physics: TMDs, Helicity PDFs, FF = flavor separation, dihadron-corr.,...

- Kaon asymmetries, cross sections ncominglepton o oPO"
O Excellent particle ID: =n*,K*,p* separation over a wide range in - 3"1?\#/’ .
- excellent p resoluhon at forward rapidities mﬁ, 7
O TMDs: full ®-coverage around Y*, wide p, coverage /
O Excellent vertex resolution > Charm, Bottom separation

Exclusive Reactions in ep/eA:
2 Physics: DVCS, excl. VM/PS prod. = GPDs, parton imaging in by, g(x, Q .by)
O Exclusivity 2 large rapidity coverage = rapldlty gap events "
N\ reconstruction of all particles in event /' ,
Q high resolution, wide coverage in Ll b - Roman pots MQ?/—
‘§

> accePTance for neutrons in ZDCs /%
P~ 7P

NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer
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LEPTON KINEMATICS

10*

102 E_ —

Increasing lepton beam
v energy: scattered lepton
boosted to negative n

é —— é

F — F

r . [10 GeV on 250 GeV r
lo-l I —————

h

" Increasing hadron beam

_ energy: no influence on
scattered lepton

10 kinematics

1

2> Q? < 0.1 GeV: scattered lepton needs to be detected in dedicated
low-Q? tagger

- kinematic coverage in Q?-x-n critical for physics, which requires
Rosenbluth separation high to low y reach

Brookhaven Science Associates NATIONAL LABORATORY
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X-QF KINEMATIC COVERAGE

Possible limitations in kinematic coverage:

103 - \
= [Ldt =10 fb"’ .
© 20 GeV on 250 GeV //
| high y limited by |
radiative corrections / ,
. 102 can be suppressed by 4 1 10
S - requiring hadronic / / 1 HERA achieved
O - activi O/ /S /2 y>0.005
5 // \ °
Al
1
C 10 = 4 ,
i Resolutions in electron method:
- dx, _1JE, X, _ 0, sp' =
1 / X, JYe E, ® E,/E, 1|tan 2 % diverges for
108 104 10° ' . ye>0
Xg ‘Syye=[1-y1]5EEe@[y1-1 cot%66, |depends on E',
low y-coverage: limited by E’, re: ’ ooe diverges fo:
= y-coverage can be extended b 502 SE, ®tanbeso | 0.>180°
- or use hadron or double angle [ 02 'E, 277¢[ depends on
BRI S equire The hadron § B and 0,
DL




SIDIS: PION KINEMATICS

Ctsns: Q3>1 GeV, 0.01<y<0.95, z>0.1

4 NN n
L

3

2 Increasing lepton beam
<0 energy boosts hadrons

N " more to negative rapidity

-3

-4

-5 " AL - - | e srmrarar m wnn

10* 1 10 10™ 1 10 10* 1 10 10?

Momentum (GeV/c) Momentum (GeV/c) Momentum (GeV/c)

5

4

3

2

1
<0

-1

-2

-3

4

-5 [ [

10™ 1 10 10™ 1 10 10™ 1 10 10°

Momentum (GeV/c) Momentum (GeV/c) Momentum (GeV/c)

Increasing hadron beam energy influences max. hadron energy at fixed n
- no difference between n*, K*, p*
- Impact on hadron and lepton PID
BROOKHAVEN
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Rapidity

Rapidity

Cuts: Q3®>1 GeV?, 0.01<y<0

Rapidity

_%.1 02 03 04 05 06 07 08 09
V4

Rapidity

HADRON COVERAGE

.95, p>16eV

40(
35(
30C
25(
20C
15C
10C
50C

40(
35C
30C
25(
20C
15C
10C
50C

@ -3<n<3 covers entire p, & z-region important for physics

Brookhaven Science Associates

NATIONAL LABORATORY
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PID REQUIREMENTS

10™ 1 10 | 10™ 1 10 | 10" ‘ 1 T “io 10™ 1 “io
Momentum (GeV) Momentum (GeV)
Lepton-PID:
h*/-, y suppression: 1:1 n <4 to 10%:1 n >-1
Hadron-PID:

n/K ratio 3-4 K/p ~ 1 independent of nand (Vs)
n<-3: 1 GeV< p < 10 GeV
-3<n<-1: 0.1 GeV < p < 4 GeV
i . -1<n< 1: 0.1 GeV< p < 4 GeV
BT w0 i i 1en< 3i0.1 GeVe p < 30 GeV

eEntries

Momentum (GeV) Momentum (GeV) 3« . 1 GeV«< p < 100 GeV
DIOOKIIAaversn JLIence ASSoLIdies

32 DIS, April 201 = impact on PID technology



EXCLUSIVE REACTIONS: EVENT SELECTION

How can we select events: two methods

€ proton/neutron tag method

N

o Measurement of #

o Free of p-diss background
o Higher My range

o to have high acceptance for

Diffractive peak ||

Need for
roman pot
spectrometer

AND
ZDC

Roman Pots / ZDC challenging
K - IR design

p

Large Rapidiy Gap method

o X system and e' measured

o Proton dissociation background

o High acceptance in n for detector
= crucial for eA

-
D
Need for

HCal in the
forward region

)

Brookhaven Science Associates
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DVES KINEMATICS

leading protons are hardly

in the main detector acceptance at EIC €
30
10*
25 15 GeV on 50 GeV
tector acceptance: 1>4.5 _ | .,
15 GeV on 100 GeV 102

o &

o P
\\\\‘\\\\‘\\\\‘\\\\!\\\\‘\\\\

I

@ to detect proton
machine, IR and RP design

need to go hand in hand

10

al

proton scattering angle [mrad]
=
a

100 150

proton momentum [GeV/c] IﬂCf‘GQSiﬂg Hadron Beam Energy:

influences max. photon energy at fixed n

- photons are boosted to negative
rapidities (lepton direction)

OO

5. .

4 E | 15 Gev on 50 Gev i = |15 Gev on 100 Gevi ] E|15Gevon2s0 Gevi

3E E 1k 'l

22 E 1 E 3
DVCS - photon: 1
Cuts: Q2>1 GeV, © (ié
0.01<y<0.85, P
-3E
_42

A . _5: i i E ] i F i . i
Brookhaven Science Associates 101 1 10 101 1 10 101 1 10 107

34 Energy (GeV) Energy (GeV) Energy (GeV)



LARGE RAPIDITY AP METHCQD

Q Identify Most Forward Going Particle (MFP)

> Works at HERA but at higher /s
» EIC smaller beam rapidities

nmax

Other particles (if any)

|
. An -
1 Pt
i Rapidity Gap
|
|
- T |
piA ne
nbeem 0 T]bean'w
p/A direction e direction
1 oA
(S
e+p. RAPGAP
L HE L S B i N T T 2+100 GeV - Purity
R T B T i PP 54100 GeV - Purity
0.8r Hr L - 10+100 GeV - Purity
L S L T T U SRRECEE 20+100 GeV - Purity
st L L L L 30+100 GeV - Purity
biL 2+100 GeV - Efficiency
i 54100 GeV - Efficiency
06F 104100 GeV - Efficiency
: : ——— 20+100 GeV - Elficiency
H
: 304100 GeV - Efficiency
H
H
3
0.4 i
. it
]
]
'y
i
0.2r L
' '\..
:";..:
el
[ i3
OM"-!I'IIII|IIII|l|II|\IIJlIIIIIIIIIIILII‘IIII

Bre -5 45 -4 35 -3 25 -2 -15 -1 -05 O

| rapidity )IS, April 2014, Warsaw

Diffractive p® production at EIC:
n of MFP
M. Lamont

e+p: RAPGAP: MFP in Event
2+100 GeV - DIS
5+100 GeV - DIS
0.1H 10+100 GeV - DIS
. 20+100 GeV - DIS
i — 30+100 GeV - DIS
-------- 2+100 GeV - Diff
-------- 5+100 Gg\.f\'; Dg'ff
-------- 10+100 GeV - Di
0.08r || 0 e 20+100 GeV - Diff
-------- 30+100 GeV - Diff

0.06:— DIS

0.04

0.02 )
Ll Ld“'i‘.:'-'l ol |_'r-.1-“-|-'"rl:]"-'.'1-.|_ R

8 6 -4 -2 0 2 4 6 8
rapidity

Diffractive

Hermeticity requirement:

* needs just to detector presence
* does not need momentum or PID
* simulations: /s not a show stopper for EIC

(can achieve 1% contamination, 80% efficienc
BROOKHEVEN

NATIONAL LABORATORY
E.C. Aschenauer
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"'-:I:ﬂ_ T T T TTTT] T L R |
:_ e ee data o]
B o pip)-p data ]
o etp data ALEPH, DELPHI, 1 low Smultiplicity; 4- Lot
LN L.‘i OPAL 4 Js = 55-145 GeV F 1 \ \ \ \ 5
= - 410
; < / Nen(ep)~Ncn(eA) < N - 15 GeV x 250 GeV
95 [ 3 h
. JADE, TASSO |y B
S ol "t |
— i wr ~
i LENA 2 S -
15 - = t + r&nmz,w ZIs > _d" ¢ Charged|:
: 5 At 107 & ¢ Neutral || .2
o ] b 5}' o *10
107 o MARKI "r++ o 15§ i i ¢ Total ;
N A : s | | ‘ I§
o t 10
5[ o 7ol : -4 -2 0 2 4
* aQ v o b ) 1
[ Ftlo 7 r{'iﬂfj H1, ZEUS IeRHIC 77
Il"lmmheraﬂf"l N . ..I . N 7
’) 10 102 103 107 o ‘ ‘ Vi
V& (GeV) § Charged| 15 6eV x 250 GeV:
. Neutral
Cross section:c, <0, <O 10°]| ! ;
ep Y Yp 7 Total E
Pythia c.,: 0.030 - 0.060 mb z[F10°} ’
Lummosuty 103 em! s-1 =104 mb-! s°! w
. 10 L,
—===> Interaction rate:
30 - 60 kHZ 103 L | \ ! |
-4 -2 0 2 4
n IRVEN

BORATORY
E.C. Aschenauer

SOME THOUGHTS ABOUT RATES

dndedt



TRACKING ELEMENTS

Barrel silicon tracker:
Q 6 layers at [30..160] mm radius

Q 0.37% X, in acceptance per layer simulated precisely

Q digitization: single discrete pixels, one-to-one from MC points
forward/backward silicon trackers:

Q 2x7 disks with up to 180 mm radius

Q N sectors per disk; 200 um silicon-equivalent thickness

Q digitization: discrete ~20x20 um? pixels

TPC:

Q ~2m long: gas volume radius [200..800] mm
Q 1.2% X, IFC, 4.0% X, OFC. 15.0% X, aluminum end-caps

Q digitization: 1) idealized, assume 1x5 mm GEM pads. 2) complete
(FopiRoot source codes adapted, GEM pad shape tuning in progress)

GEM trackers:

Q 3 disks behind the TPC end-caps
Q STAR FGT design
Q digitization: 100 pm resolution in X&Y: gaussian smearing prooKHEVEN

NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer

Brookhaven Science Associates



EIC SOLENOID MODELING

= Constant field option available (of course
= OPERA 2D/3D output adapted

-0.5

-1.0

-1.5

-2.0

Presently used design: MRS-B1

-2.5

-3.0
-3.5

Total Length : 2.4 m
Inner Radius : 1.0 m

R coord 800.0 800.0 800.0 800.0 800.0 800.0
Z coord -5000.0 -3000.0 -1000.0 1000.0 3000.0 5000.0
Values of BZ - R=800 : .
~Values of BZ - R-600mm OQOuter Radlus :1.1m
__ Values of BZ : R=400mm
_ . _ Values of BZ - R=200mm Centra| B flEId 3 0 T
{4, BROOKHRVEN
3@ oRhaven Science Associates NATIONAL LABORATORY
8 DIS, April 2014, Warsaw E.C. Aschenauer



EIC SOLENOID MODELING

contol B
ap4 233001 E+ 0

Other options investigated,
li e 3.500000E+0

4-th concept solenoid design

Y I-— 2.000000E+0

—— 2.500000E+0

—— 1.500000E+0

I—— 1.000000E+0

': 5.000000E-0
3.643342E-0

Integral = 3.3475

oo /N
f
A

24
Z’ 22 f
20

/
18 f
| /
/

16
14
1.2

o / \
/ \
/ \

/ \

0.2

\

|
\
\
\

X coord 00 00 0.0 0.0 0.0 00
¥ coord 00 00 DO DD 0.0 0.0
Z coord -BO0D.0 0.0 0.0 4800.0 8000.0

___ Component: BMOD, from buﬂer Line, \megra\ 933549955929712

3g4>%haven Science Associates NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer




EIC SOLENOID MODELING

main requirements:

= Yield large enough bending for charged tracks at large n
= Keep field inside TPC volume as homogeneous as possible
= Keep magnetic field inside RICH volume(s) small

14 -> use OPERA-3D/2D

1.2
o software
0.8 /\

0.6 7

0.4
0.2 %
0.0 -
-0.2
-0.4
-0.6
-0.8
-1.0

Total Length : 2.4 m
12 Inner Radius : 1.0 m

R coord 800.0 800.0 800.0 800.0 800.0 800.0 ) Outer Radius : 1.1 m

Z coord -5000.0 -3000.0 -1000.0 1000.0 3000.0 5000.0¢

T Values of BR . Re00mm Central B field: 3.0T
__ Values of BR : R=400mm
_ . _ Values of BR : R=200mm

Presently used design: MRS-B1

NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer
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DETECTOR AND IR-DESIGN

All optimized for dedicated detector
Have +/-4.5m for main-detector
- p: roman pots / ZDC a'\%“eé
2> e: low Qz-Tagge:o\eo::Z oe.,_

eRHIC-Detector:

n collider detector with
) -4<n<4 rapidity coverage
and excellent PID

“ wpe LUMIsystem: 2y detectors
e ad
Detector e view 100 m from |.P.
top view -
. dipole

-
- ) A |

[ | exit window 7% PCAL
6m-Tagger

100$ -question:
Can we combine
Photon calor. (PCAL)

e tagger @ 6m from |.P. @ Direct measure y Iow Qz-Tagger

@ Measure scattered e lUﬂ'\i"l‘l’\Oﬂ“’O"

@ W-scint. spaghetti calor.

o Checll: photon accept. f a;zgﬁfggr;?ﬁ;om and comp?on polarimeter
work in progress... . e,

o Aot hedress) Ty e'e in exit window in one detegtopsystemd

. NATIONAL LABORATORY

tag high W photoprod. .
@ Not discussed more here. DIS, April 2014, Warsaw E.C. Aschenauer



THE eRHIC MODEL DETECTOR CONCEPT

Q Implemented in quite some detail whenever possible

Backward : 4 liracker
Silicon
Tracker.

Backwa
GEM

Tracker

I'r acker

g&%waven Science Associates NATIONAL LABORATORY
8 DIS, April 2014, Warsaw E.C. Aschenauer



Momentum resolution o, /P [%]

TRACKINE PERFORMANCE

Q Excellent tracking resolution
over a wide range in n

O optimize tracking in combination with
magne*ric field (see back P)
Q studied alternative tracking setting

n* track momentum resolution vs. pseudo-rapidity

B l; 32 GeVic |

3 j ................. - 16 GeV/c
L B 1 GeVic i_

2— ' ’_,.----., ‘!‘“ ;’ . ’
: ," n---—-8 \-.é’ ,"-'

T a . '.l' ","

17 e A AL e
§----E--- -
B “H. . ’l"
- - = - -.-_g--- I

OT> | L | L

0 0.5 1 1.5 2 25

Pseudo-rapidity

Momentum resolution o, /P [%]

n* track momentum resolution at n=3.0 vs. Silicon thickness

8-
7 i Silicon sehsor 'equiv:alem thickness'
- B 800 microns
- B 400 microns
] — B 200 microns
C B 100 microns
) E—— B 10 microns
= B .
4 g ‘. g8
c el
S e e B s
C i ___.;__ -
2 e ==M-= - o -
R - -
Iimm ) .
0 : 1 | 1 ‘ 1 | 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16

" momentum [GeV/c]

8
Ny C
a 7 Silicon sensor 'pixel size
\"‘a_ = B 100 microns -
o 6 R B 50 microns ]
S 5 R B 20 microns
5k
R T e e
I N D DD et B D W
g i - Y
T ok | PEEE o s -
S ¢
S 1F
= =
% 2 4 6 10 12 14 16

" momentum [GeV/c]



Maxence Vandenbroucke A N A L rER N A UVE m A C'KING SETUP

Onp (FeGeV)

O use 6 cylindrical layers of micromegas
instead of TPC (200 um resolution)
O use forward GEM disks at high rapidity

NATIONAL LABORATORY
E.C. Aschenauer

Brookhaven Science Associates
DIS, April 2014, Warsaw



THE MODEL DETECTOR CALORIMETER SYSTEM

C(entral)EMC:
= same tungsten powder + fibers technology as FEMC, ..
= .. but towers are tapered
= hon-projective; radial distance from beam line
[815-980] mm
= barrel calorimeter collects less light, but response
(at a fixed 3° angle) is perfectly linear

14

L] Endcap calorimeler (straight towers)

12

u Barrel calorimeter (tapered fowers)

10

Energy resolution [%]
Qo
}V’I T I

/

F(orward)EMC:
= tungsten powder scintillating fiber sampling LA
calorimeter technology eatron energy [GeV]
= +2500 mm from the IP: non-projective geometry
= sampling fraction for e/m showers ~2.6%
= “medium speed” simulation (up to energy deposit in fiber cores)
= “Realistic” digitization: 40 MHz SiPM noise in 50 ns gate:
4m attenuation length: 5 pixel single tower threshold:;

-
hN]
W
B

70% light reflection on upstream fiber end: SRRV E W SR S S DO T
o < m  FEMC: GEANTA4 simulation
g N T S s e FEMC: T1018 test run data
° C +1.4%
B(ack)EMC: T e R R s S
s PWO-II, layout a la CMS & PANDA S T A N T N N
= -2500 mm from the IP g f ~_
= both projective and non-projective geometry mplem&htéc;r' """""""" S A R
= digitization based on PANDA R&D ] T 7 IS S T
:\.\E N;.\_E +0.3% 2
G S G N S R B
Brookhaven Science Associates 0 1 — L : : -
DIS, April 2014 N A

Electron energy [GeV]



RESOLUTION IN KINEMATICS VARIABLES

1.0
ol o ' all plots for 15 GeV on 250 GeV
§0.6— 10° o 10° . - . R
Q .
« high Puriy=——#_"__jmportant to
& 04 5 Ngen_Nout+Nin
. 10t 10* f |d d eg o B l I
°? ol unfold measured quantities to Born leve
A 10° i 10°
02 04 06, 08 10 102 10%, 107 107 10° h d h d . D h d .
y elec'rrnon me'ﬁ-hod . adaron met oda. A me* oa.
10° : : s 10° 1.0 10° Lo 10° 10
10 0.9 ‘ 0.9 0.9
N < 0.8 = 0.8 -~ 0.8
> 102l 10t % 0.7 N < .
8 , g10°y 0.6+, 8 10? o 8 10’ o
by 10° 0 S 0.6 - 0.6
B 10! 2 e v 0.5%¢ i 05 £
@ 10 10 2 0.4 ] &£ ] &
2 210 0.3 5 10! o 5 10 o
7] . 10! @» 0.2 E 03 E 0.3
10 0.1 A 0.2 b 0.2
n " n 0 0
10° 10 10° 10° 10 1010 10° 107 10t 10° 10° ot o ; ] o1
Q* (Gev?) Smeared & 10* 107 107 10" 10° 104 107 1wt 10
Smeared x5 Smeared x5
Electron PID: E/p Hadron PID: RICH
70000 30000 a ron .
-3.0<p<-1.0 3.0<9<-1.0 le5
60000 3.0<p<7.0 1.0<p<3.0 Aerogel 525
N Electrons 25000 N Electrons 250 ' - i
BN Hadrons EEm Hadrons T 2.00 p .r?s°|u*lon
e _— - s critical for
g 2
5 40000 : - 150  RICH performance
8 5 15000 £ 150
£ 30000 ‘g § 1'(2)(5) -2 ho phOfon
3 . .
3 2 10000 100 detector resolution
20000 0.75
0.50
50
7 I’ BROOKHRUEN
o : . To° 1ot 10 ' NATIONAL LABORATORY
Elp 2( 2(Gev/e) E.C. Aschenauer



ePHENIX DETECTOR PERFORMANCE

Momentum Resolution:

{ ‘ : : Bremsstrahlung Sources

ECAL

o Q00 80 60 40 20 o

o, Ngen out
Purity = N, for electron, JB and DA method 2 (cm)

Electron Mix

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

. .
0
104 107 10?2 107! 1

b 104 10° 102 107 x1
plots for 15 GeV on 250 GeV
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer



ePHENIX DETECTOR PERFORMANCE

Hadron PID at n=4 for a CF, gas based RICH detector:

ha ]

=50 GeV 3 =70 GeV

4040dp | =30 Gev

@Iines: 90% efficiency

E§88588¢8¢

=5,

23
£ 1= .
=1 —
1 —
0.8 _—
ol = assumed radius resolution 2.5%
|| ePHENIX + PYTHIA e+p 10x250 GeV, n=4.0 N per phofon
0.4 || m——at 90% Effic. ]
- K at 90% Efflc. —
0.2 wesshmsn K at 650'{: Eﬂlc. [as‘j‘l‘l’l CI.“S) ]
| — pat 907 Efflec. m
0 I J I L] ! b I 4 1 il il il I il il il l 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
0 10<11.3> 20<20.8> 30<29.1> 40<37.3> 50<45.7> 60<54.0= 7T0<62.5>

Reconstructed Momentum [GeV] <True Momentums

gMomentum reconstructed through tracking and HCal

Brookhaven Science Associates NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer



eSTAR DETECTOR PERFORMANCE

Coverage Orientation| Tracking EMC HCAL | Resolution (momentum or energy)
A2 Electron BSO ox/E=2%A E®0.75%
Beam
2epel | direction; | iTPC+GTR a/p=1/(pr'pe-1/6) %(0.45%pr20.3%)
D+ETOF @(pz/pr) x0.2%/p/p
EAST
lep=l Mid- SMD+EMC e E=14%4 E22% PID Performance:
Rapidity | TPC+TOF o,/p=0.45%pr20.3% S0.2%/p/B
- e yin’ = K’
l<n=1.7 Hadron | iTPC+TOF @/p=1/{pr/pz-1/4) x(0.45%p720.3%)
_BEHFJ- E(pz'pr) x0 2%p/p 4op=-2| XY Y N N
directiom; - S
L2 1TPCHFTS SMD+EMC o E=16%" E=2% dapgz-d| ¥ N
WEST -
25<n=5 FTS W-fiber EMC o/ E=12%M E214% d=g=1| ¥ Y [0l=p=15GeV|0l=p=3GeV|0l=p=3GeV
HCAL o F=38% E=3%
—_— T . l=pg=17| ¥ Y
p and E Resolutions enea| ¥ | ¥ . x
S B Tracking without PID {charged hadrons)
23=pg=35| Y Y Tracking and Energy without PID

@ resolutions in kinematic variables from the lepton method

Smeared y

combining new and very well understood STAR detectors.

[N

0.9 10°
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0.7 10*
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LUMINOSITY MEASUREMENT : PHYSICS PROCESSES

A Y Bremsstrahlung ep=> eyp

e
. Bethe-Heitler (collinear emission):
¢ - very high rate of 'zero angle' photons and electrons, but
« D - sensitive to the details of beam optics at IP
1o - requires Fr'ecise; knowledge of geometrical acceptance
p ‘ P - suffers from synchrotron radiation
- aperture limitation
- pile-up

QED Compton (wide angle bremsstrahlung):

- lower rate, but
- stable and well known acceptance of central detector

= Methods are complementary, different systematics

NC DIS in (x,Q?) range where F, is known to O(1%)

for relative normalisation and mid-term yield control

NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer
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LUMINOSITY MEASUREMENT

1 Concept:
Use Bremsstrahlung ep > epy as reference cross section

» normally only y is measured
> Hera: reached 1-2% systematic uncertainty

ZEUS LUMI system: 2 y detectors
~100 m from I.P.

side view
N
top view
ZEUS PY .
' ™ dipole

o hy=s !\{ J AT |
0

exit window PCAL
em-Tapper
Photon calor. (PCAL)
e tagger @ 6m from I.P. @ Direct measure y
@ Measure scattered e

@ \W-scint. spaghetti calor.
@ Check photon accept.
(work in progress...)
@ Also for physics:
tag high W photoprod.
@ Not discussed more here... SROOKHRVEN

3 ATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer

Pair spectrometer
@ Measure pairs from
y—e'e in exit window

Brookhaven Scier



LUMINOSITY DETECTORS

 zero degree calorimeter
> high rate > measured energy proportional to # photons
> subject to synchrotron radiation

J alternative pair spectrometer

very thin Dipole Magnet
Converter

_>,Y

Segmented
ECal

L, L, L,
<€ > | € )I( >
0 The calorimeters 'are outside of the primary synchrotron radiation fan

0 The exit window conversion fraction reduces the overall rate

0 The spectrometer geometry imposes a low energy cutoff in the photon
spectrum, which depends on the magnitude of the dipole fieldldad¥Hel/EN

NATIONAL LABORATORY

transverse locafign of.1he calopimeters E.C. Aschenauer

Brookhaven Science Associates



"u__laserlab, room 616 beam expander
light analyzer entrange
POdeSCdlbox#l N
. NG
,‘r"‘l‘ﬂ
g .
i NdYAG  varable
i lager attenuator beam shutt
0.7
06

05

04

bunch polarization

— el
75 200

03550 T
bunch number

Multi-Photon Mode:
Advantages:

- eff. independent of brems. bkg
and photon energy cutoff
- dP/P = 0.01 in 1 min

Disadvantage:

- no easy monitoring of calorimeter
performance

Brookhaven Science Associates

LEPTON POLARIZATION

[ Method: Compton backscattering

" cable shaft (no. 150)

® 572 nm pulsed laser
@ laser transport system: ~80m

cccccc 1 continuously in box #2

@ laser light polarisation measured

SCTECh-—

q‘ \ » HERA exit window
¢ light analyzer box #2

HERA tunnel, section East right (OR)

A,=0.184

counts

| — spin3n2
,,,,,,,,, spin 1/2

DIS, April 2014, Warsaw

0 1000 2000 3000

3000 5000
L 3 (a0)



LOW Q¥ -TAGGER

de’-tagger:
> detect low Q? scattered electrons E
- quasi-real photoproduction physics <

> possibly also detect lepton from lepton polarimeter comptg
scattering

> design could follow the Hall-D tagger design
o pileup can be avoided by fine segmentation of tagger/

beam line

e'-detector

Array of Scintillators

very finely spaced

might need less segmentation
Scintillator = Calorimeter

Brookhaven Science Associates

DIS, April E.C. Aschenauer



PROTON DISTRIBUTION IN Y VS X AT S=20 M

without quadrupole aperture limit

3001 108 3001
200 Zoxzso Entries 100001 200 ___' : Il 1 | Entries 100001
E EFI.
100 102 100}
Tl T =
|E| 0 N o |§| 0 -. 3
>0 > _[_ _ 1
-100[~ 10 4002
; s
-200— -200—"-
: -:- . - " =t - 10-
_||||||||||||||||||||||||||||| _||||'| T..H-l..l:l-{ll = :lI-I-IJ:lllll
-30-300 -200 -100 0 100 200 300 1 -30-300 -200 -100 0 100 200 300
x [mm] . . o x [mm]
with quadrupole aperture limit
300 1 3001
F 20x250 - 5x50 |
200 - Entries 99992 200 Entries 64323
100 102 1001
T I T [y
E 0~ : = |§| 0 #..'fl-
S > e
C [
-100— 10 -100—~
-200( -200(
B | I | | I L | Ll Ll | L | I | | I | | I L B | I | | I L | Ll Ll | L | I | | I | | I L '
-30300 -200 -100 0 100 200 300 1 -ao-gl]l] -200 -100 0 100 200 300 E&%EH

x [mm] x [mm]

o DIS, April 2014, Warsaw --=. -.=-Aehauer



300

200
100}

o

y [mm]

-1005—

-200—

25x250

Entries 67542

30900 -200 -100

0

x [mm]

100

1 | 1 1 1 1
200 300

10°

102 &

10

| — Generated

- —— Quad aperture limited
. RP (at 20m) accepted

25x250

0.2

04 06

1

1 1 L 0 1
' pISsugril 2014, Wars

300

200

1001

5x50

Entries 36266

ACCEPTED IN "ROMAN POT” (EXAMPLE) AT S=20M
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10°
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KINEMATICS OF BREAKUP NEUTRONS

Results from GEMINI++ for 50 GeV Au

|  theta distribution of neutrons at E* =10 MeV | hizstoThetall |
Entriez 9143 |

E _ ﬂ | thntn dicteibtutinmn of noatenne of B EN RESAT | |  histnThaetaSN |

Results: |
With an aperture of =3 mrad we are in relative good shape 200
- enough “detection” power for t > 0.025 GeV? 0.504
- below t ~ 0.02 GeV? we have to look into photon detection
» Is it needed?
Question:
* For some physics rejection power for incoherent is needed ~10*
2> How efficient can the ZDCs be made?
E_u_w 400}~ “E
%820 - 30F
2001 -
B 20
. 10
L B T T S
by Thomas Ullrich mrad
4 Q == +/-5mrad acceptance seems sufficient
BROOKHEUVEN

Brookhaven Science Associates NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer



eRHIC: HIGH-LUMINOSITY IR
" 20x280 ]

eRHIC - Vertical beam line to IP matching 30 GeV electrons

) ‘fgﬂ/ff 7 E
('&6 il L 1&&R -~ E
o B ,//, E
2% & T ;
_3 4y B 2 ATV IRTT AR R AR
A5 08 18 20x250
) (95
/88&+-9 S
) FTRTE -
*x_ 2oL
eRHIC - Geometry high-lumi IR \g:fh bz 51cm I*= ?%",m  Generated
and 10 mrad crossing angle 2 10°* cm2 s- “ %uad a e,.m,.e imited
. . m accel ed
O 10 mrad crossing angle and crab-crossing ; ER
d High gradient (200 T/m) large aperture Nb;Sn focusing magne'rs
O Arranged free-field electron pass through the hadron triplet magnets
d Integration with the detector: efficient separation and registration of low
angle collision products
0 Gentle bending of the electrons to avoid SR impact in the detector
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY

DIS, April 2014, Warsaw E.C. Aschenauer



INTERNATIONAL CONTEXT

Electron-"TIon" colliders in the past and future:

HERA@DESY LHeC@CERN eRHIC@BNL MEIC@JLab  HIAF@CAS ENC@GSI

Ecn (GeV) 320 800-1300 45-175 12-140 12 > 65 14

proton x_. 1x10°% 5% 107 3x10° 5x 10+ 7 x103 5x103

>3x10

ion p p to Pb ptoU p to Pb ptolU p to ~4Ca

polarization - - p, 3He p, d, *He (8Li) p, d, *He p,d

L [em2 7] 2 x 1031 1093 103334 103334 103233 3 1035 1032

P 2 1 2+ 2+ 1 1

Year 1992-2007 2022 (?) 2022 Post-12 GeV 2019 > 2030 UPEi:r::'qu to
BROOKHEVEN

NATIONAL LABORATORY
E.C. Aschenauer

Brookhaven Science Associates

DIS, April 2014, Warsaw



BACKWARD EM CALORIMETER (BEMC)

= PWO-II, layout a la CMS &
PANDA

= -2500mm from the IP

= both projective and non-projective
geometry implemented

= digitization based on PANDA R&D

10 GeV/c electron hitting one

of the four BEMC quadrants Same event (details of shower development)

Brookhaven Science Associates NATIONAL LABOR

60 DIS, April 2014, Warsaw E.C. Aschenauer



FOR WARD EM CALORIMETER (FEMC)

e

i= . 'EEi
55555555

tower (and fiber) geometry
described precisely

Q tungsten powder scintillating fiber sampling calorimeter
technology

Q +2500mm from the IP: non-projective geometry <y
Q sampling fraction for e/m showers ~2.6% = _\ EE TLT% 119 (ied)
Q 'medlum speed” simulation (up to energy deposit in % A + e owgtizaton
fiber cores) ., 3 ;\\ Realistic digi (500pe/GeV)
Q reasonably detailed digitization: “ideal” clustering code & 10 B Realistic digi (200pe/GeV)
; : \\’K + T1018 measured data
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Q “Realistic” digitization: 40MHz SiPM noise in 50ns gate;: G 8: \\ﬂ_\
O 4m attenuation length: 5 pixel single tower threshold: A b e NN
Q 70% light reflection on upstream fiber end: Z \.\“‘--—--___5______*‘"“-—-—-—
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-> good agreement with original MC studies m
and measured data 203 degree track-to-fower-axis incident angle
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BARREL EM CALORIMETER (CEMC)
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O same tungsten powder + fibers technology as FEMC, .. . .
Q .. but towers are tapered => barrel calorimeter collects less light,

Q non-projective but response (at a fixed 3° angle) is
perfectly linear
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S s \ -> simulation does not show any noticeable

£ T difference in energy resolution between
- — straight and tapered tower calorimeters
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23 degree track-to-tower-axis incident angle
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