EIC Detector Workshop
JLab : 4-5/June/2010
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HERMES: Forward RICH Detector

Evaristo Cisbani / INFN-Rome Sanita Group

Most of the slides from R. De Leo and D. Ryckbosch

Cisbani / HERMES RICH

e Qverview
e Performances

e Inheritance
e HERMES RICH in SBS HallA
 Aerogel RICH in CLAS12




HERMES Experimental Setup
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HERMES @ DESY
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DETECTOR = 2 identical RICH modules
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Cisbani / HERMES RICH




Hadron PID: HERMES RICH

ldentify p, K and p
from 2 to >12 GeV/c

EIC Detector —JLab — 04/June/2010

Cisbani / HERMES RICH

4

\\’,\ ///Aerogel
Two radiators: aerogel and gas

PMTs as photon detector
Focusing Optics

05

Reference: NIMA 479 (2002) 511-530 )



HERMES RICH module layout
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Aerogel Radiator”

unit is cm
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Cisbani / HERMES RICH




Radiators
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Refractive Index n(633 nm)=1.03

Scattering//Absorption Length
L (400 nm) =2.3 cm

C,F,, Gas at STP
n(633 Nnm)=1.00137
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Mirror array

Particle -

Spherical array
4 x 2 mirror segments

Focal length = 110 cm

Graphite fibre composite

o
=
o
N
=~
o)
c
S
2
3
S}
|
o)
©
4
tar]
|
S
o
=
33
@
2
®
@)
S
L

Cisbani / HERMES RICH




Photon Detector plane

N;

e

Based on SELEX design ™

1934 PMTs/half in
hexagonal close-pack

# Philips XP1911/UV
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green enhanced % inch diameter
# Soft steel matrix for mag- :
netic shielding :
+ single PMT 100 mm mMetal sheet wrap =
Philips PMs XP 1911/UV 0757 ~ Up 030G - o e 3
ok . PNoY magnetic field §= ¢ G ——
& 20 ® PMO3 S e
g‘ﬂ_‘ 4 PMOG
g n s Size of the
5 15 = i m:; detector and
§ 103 diameter of the FEEEEES
5 PMT defined by ‘ 3%
| T

:zm' " a 400 Illl[nlmii. ‘ 'a':.n" cost constraint



Light Collection

PMT

# Light collecting funnels ¢

p

to cover 92% of focal
plane

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

lpm

EIC Detector — JLab — 04/June/2010

l PMT
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Dirk Ryckbosch — DESY07
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GRAN SASSO HIGH-ENERGY CULTURE PARTICLES FOR EXPORT
The Italian laboratory’'s MACRO Why is it so difficult to convey the In the quest to understand neutrinos, 0
muon detector is adding to the excitement of new developments in particle beams from CERN may be 0
evidence for neutrino oscillations quantum physics to the layman? fired 730 kilometres to Italy
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Electronics

Read-out system
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#» PCOS4 system
Like MCs

# Digital read-out
® Threshold = 0.1 p.e.

Cisbani / HERMES RICH

VME based, 20 MHz bus from front-end to VME

less than 30 ms to transfer data to VME

able to keep data up to 800 ns (selectable) since trigger
down to 50 ns gate width

O O O O O

No time information




Dirk Ryckbosch, DESY, July 07 - p.ava2
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Cisbani / HERMES RICH
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O [rad]

Rings and identification
probability matrix

02
RN RN RN RN RN RN RN RN RN Innnm Gas
EEEEEEEEEEEEEN Aerogel
m-K - TOF Al
K-p —_— 01 ;

o
~
o
N
=~
o)
c
S
2
<
S}
|
o)
©
B
)
|
S
o
i
33
@
2
®
o
S
LU

Tc_p I NSNS SN EEEEEEER
ll\Jl‘IIIIIlJl\l\llJIIIIlIl\JJIIIIlIIIII‘\Jl\llllll

0 25 5 7.5 100 125, 15 475 200 225 25
Momentum (GeV/c)

TDF HICH 1 T I'I-I'I T T | I‘-I.I T T T T T T T T T T T T T T T T T I T T T T

P Ak o e bk ETs o i *a = r qE ]
ne aE e ]

L 1L 1L N E:)

e - kil dE m dE m ] O

- L P Pk e i -

L4 = i i - 0

g 1t ’t: 1 E
0.2 —F —1F —

C uls .= 10 ] w

I? _I 1 I 1 1 1 1 | 1 1 1 I_ ‘I'I.I.I‘I.I‘I‘I.I 1 1 I_ C I-I-|.|.|-I.I-I-I-I.I-I-_ E

:I T I L | LI I: : I'I'I.I'I'I-I I T T T I: :I T | L I LI |: E

08 | T et E g

o K JdE K 1ol K - O

0.5
| | | | | | | | | | | | | | | | | | | E P'ﬁ EE PK - EE PP E
L L e L4 = 1F aF 7
- o2 s (I
- 1I.I.I.Iﬁljljl.-.lAl.I'I I_ _I 1 I 1 1 1 1 I 1 1 1 I_ -.I-I.l.'l.l.l 1 I.I-.I-Itl-_
o l? :I T I T 1T | LI I: :I T I T T 17T I T TT I: :I T |.|.|'| T I.l'l-l-l-:
- os | iF e T
= 5P | SN b rF E
0.5

: - P I | ;
G L4 = | | =
- "2 E El2 e o dF E
- 3] £ T7 TIN) FOL T PR PRy Py POy Ty Ry Py Ty |'|l|-|'|.|-| | 4 |'|-|t T T T T T N Y T A W
_ L1 1 [ I 1 L1 L1 IR N I | 5 10 15 =] 10 15 a 10 15

P (Gev)




(@)
Reconstructed angle and number of photoelectrons <
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Exp. angle resolution (%)

HERMES Today
Aerogel (estimated)
Pixel Size 2.3 0.7*
Mirror 0.6 0.5
Emission 0.7 0.6**
Disp. N 0.5 0.5
Chromatic 1.3 1.3
Forw. Scatt. 0.4 0.4
Surface 0.4 0.4
Jroal/PE 3.3 1.8
Npe 10 18**
J1otallIiNg 1 0.4

* Hamamtsu R7600

**Better aerogel transmittance, L (400
nm)~1 cm P reduced thickness (e.g. 4
cm)
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HERMES: Largest error from pixel size; by design (cost-performance tradeoff)
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Cisbani / HERMES RICH




Ocringa N (e*>5GeV) plot vs day
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average n (e*>5GeV)

1.0306 | | |

= MeanUp
I e e = MeanBot |-
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Cisbani / HERMES RICH

| D | |
1998 2000 2002 2004 2006
YEAR

S :
Jesy Dn = 3 *10-4 in 10 years!
Dn = 1*10-% in the last 5 years!




one RICH module preserved @ UVa (thanks to G. Cates)

_Jb

_ nw ﬁ S—

Aerog*el Spare"'“

T

Now stored at UVa under safe/controlled conditions + additional wall of spare
Aerogel from the other module.
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SIDIS (Cond. appr. Exp.): Setup and parameters

e+3HeT e’+p(K)*+X

Hadron Arm INEN
NSF  RICH DOE /Dubna

BNL *
BigBen GEM-.,, \ chalo BB: e-arm at 30°

\' v W = 45 msr
GEM Tracker
Gas Cherenkov
Shower
U GMn/PR-09-019
SBS:h-arm at 14°
W =50 msr
GEM tracker
excellent PID / RICH
Hadron CALO

EIC Detector —JLab — 04/June/2010

Target

BigBite

Cisbani /f HERMES RICH

Electron Arm

INFN /NSF
Event rate: ~10* HERMES
Beam: 50 mA, E=8.8 and 11 GeV (80% long. Pol.) 60 days of production
Target: 65% polarized 3He U GEN(2)/PR-09-016 expected stat. accuracy:
0 Luminosity: 1.4 1037 cm=s- 10*better than HERMES on

proton



HERMES RICH in SBS (SIDIS Exp.)

GEM
Tracker
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3He
Target

Cisbani / HERMES RICH

CALO HERMES
RICH

(old GEM setup)




RICH detector in CLAS12 =

Fom&a};d E]ecnomagﬂeric %

Forward Time-of-Fligh aiormeter . . 5

P | \C 1 Main Requirements: 3
Cerenkov Counter \ Pr ‘;S : ;‘; - . g

\ b\ V2 1. separation up to 8 GeV/c =

AN 2. from 5 to 40 degree polar angle g

= @

tral Detector = . . . . @)
o - \) 3. p/K rejection>100 (<1% p contamination) |2

4. minimize material budget

%
Memgm Substitute 2 LTCC sectors with a RICH detector
Galrimeter - Possible option: aerogel + SiPM (with time
Glrinéer correlation) RICH S
Low Threshold 5
Cerenkov Counter n
05 - UEJ
Z E e B
X045 - aKn e =
= 04 ;_ vyKin E
035 - S
03 | & o
025 - _+_—+— + + -l
02 | T
015 - —A—“‘_A:ki H
01 - -+ Ny ¥ —*—-*— _+_ e
005 - “‘ ¥
HTCC o :I 1 ‘ I—H—O—H—LI Ll ‘ | | ‘ | | | | I ‘ L1 1l | 1

1 2 3 4 5 6 7 P(GBeV)
H § ratio K/p ~ 0.1-0.15

From. M. Contalbrigo



T mnsm &bn kength (om )

S0

20

10

Aerogel characteristics improvements

_ prototype result with 3 GeV/c pions
Iransmission length at A — fuudnm :
éﬂ 12-
) *s e €2005-2006 10 2005 sample
v .o A2004 t
B ‘ —a M Before 2003 8- ﬁ
= * -
i ) ‘ B ‘ T 6 g
i - - 4 2001 sample
_ S 2 n~1.050
B T I L ST 8 [ ] A S O S
00 10 20 30 40 50 60
' ' Radiator thickness(mm)
1.02 1.04 1.06 1.08

photon yield is not limited by radiator
transparency up to ~20mm

Refractve ndex

2005 IEEE Nuclear Science Symposium Conference Record
M. Tabata et al.
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degree

Mirrors acts at polar angle
above 10 degree

Focusing mirrors to reduce
detector area to ~ 2 m2/sec

Relax performance requests
for the external half (lower p)

Increase pad size
Reduce channel number
Standard PMTs

\Similar toi.e. LHC-b 11l /

From. M. Contalbrigo

Proximity between 5 and 1&

N,,x’;Targ et

;f-*“"’boubled detector area \\

Aerogel RICH with 2 x mirrors

Focusing
mirror

35°

A 250

‘%% Photon

b e

detectors

—

100

50

Beam

single view
A — i — verbose level
= — cubgent choice, B — background
i then quit
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Cisbani / HERMES RICH




Aerogel RICH with mirror & semi-reflective layer

* 350
;T 250
Proximity up to 15 degree
: 200
Mirror above 15 degree
" /
10°
Target _ . >°
\,ngh density of hits i - Semi-reflective 7 < Beam
check with track multiplicity; ) mirror Photon
I ! e detector

Too high absorption in aerogel
semi-reflective mirror

Reduced collection efficiency
(bi-alcali  g.e. 25 %)
ultra bi-alcali g.e. 45 %
cost increases by 50 %

\ New concept !

From. M. Contalbrigo

g 2 — last run then quit

7 A —T N — verbose level

single view

ef — current. choice, B — background
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Summary

« HERMES RICH designed and built in ~2 years
— Configuration: Mirror Focusing, dual radiator, with PMT readout
— First RICH using aerogel radiator in a real experiment
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— Very stable performance in 10 years

« HERMES RICH “inheritance’:
— H-RICH for SIDIS physics in SBS/Hall A
— CLAS12 p-K-p PID detector (work in progress!)

* Presently available improvements (at reasonable price):
— Better aerogel (higher transmission and reduced scattering)

Cisbani / HERMES RICH

— Smaller photon detectors: multianode PMTs, SiPM (with time
iInformation)

— Improved mirrors

Recent RICH 2010 conference: http://rich2010.in2p3.fr/




