Detecto r fo r Sup er KEKB

Presented by Hitoshi Yamamoto T ohoku Universit y Rep resenting the Belle collab oration

Ma rch 2002, INSTR02, Novosibirsk

Plan

1. Machine 2. Beambackground and IR design 3. Vertexing 4. Central track er 5. P article Identification (Cerenk ov) 6. EM Calo rimeter 7. D AQ/T rigger → M. T anak a’s talk

(P ossible) Machine con figuration fo r Sup er-KEKB (Sta rt 2007) 1. RF: 509 MHz (same as KEKB) → 5000 bunches max. 2. × 3 increase of design currents

IH E R /I LE R = 1.1A/2.6A → 3A/10A (luminosit y ∼ × 10) 3. LER( e+ ) electron cloud effect (ECE).

→ LER = e− , HER = e+ (i.e. energy switch ) 4. Use antechamb ers fo r vacuum pip es.

(fo r SR heating and ECE) 5. Continuous injection (physics run tried with success) 6. Crab crossing optional ( ∼ 25% increase in luminosit y)

Beam lifetime

1. Residual gas. (dominant no w, a few 100 min) Mo re current → mo re gas deso rption. → need a b eefed-up vacuum system.

2. T ouschek (LER).

( τTous ∼ 9 hrs no w fo r 1.2% energy acceptance) T ouschek rate ∼ Bunch current/emittance → Increase emittance, (reduce β ∗y). ϵx = 18nm → upto 54nm. ( β ∗y = 5mm → 3mm, also ϵy/ϵx = 5% → 1%.). → increase the energy acceptance.

3. Collision (radiative Bhabha) (not dominant no w) Becomes dominant at Sup er-KEKB τcol ∼ 100 min.

Machine pa rameters

Smaller β ∗y → smaller σ z (hour-glass effect) σ z = 5.6mm → 3mm.

KEKB (no w) Sup er-KEKB LER( e+ ) HER( e− ) LER( e− ) HER( e+ ) energy(GeV) 8 3.5 8 3.5 nbunch 1223 1223 5120 5120 I beam (A) 1.33 0.82 10 3 I bunc h(mA) 1.09 0.67 1.95 0.58 ϵx(nm) 18 24 ∼ 54 ∼ 54 ϵy/ϵx 0.055 0.041 0.01 0.01 β ∗x(cm) 59 63 33 33 β ∗y(mm) 7 7 3 3 σ z(mm) 5.6 5.6 3 3 crossing(mRad) 22 30 L(10 33/cm 2s) 6.6 100

Implications fo r detecto r/IR deaigns

1. Greater luminosit y → greater rates (great!)

→ Detecto r elements, trigger, D AQ should tak e it.

2. × 2 increase of LER bunch current (1.09 → 1.95mA) × 2 decrease of bunch length (6 → 3 mm) → 2223/2 = 11× heating of the IP b eampip e.

3. P ossibly larger vacuum pressure.

P ossibly sho rter T ouschek lifetime. P ossible continuous injection. → La rger pa rticle background.

4. Stronger synchrotron radiation.

→ SR heating and SR background at the IP b eampip e.

5. P ossibly larger crossing angle.

→ Mo re diffcult fo r SR and pa rticle background masks.

6. Smaller β ∗y

→ final quads closer to IP (space constraint)

Studies fo r the 2002 upgrade

IR b eampip e radius: 1cm and 1.5cm studied. T o b e conservative → 1.5cm tak en fo r 2002.

1cm version: a go o d sta rting p oint fo r Sup er KEKB.

(vretex resolution ∝ r beampip e)

Do all necessa ry minimum upgrades to current Belle

IR design

IR b eampip e heating and co oling

• Image current heating.

Au coating, r=1cm, l=20cm → 500 W !

• Incoherent HOM (ha rd to predict) ∼ 1000 W !

Avoid resonances ← simulation works!

• Needs liquid co olant (p robably should b e water).

(Double-w all Be b eampip e with 0.5mm co oling channel)

With H 2O 1.5 l/min, outer Be up 14 deg.

inner Be up 16 deg wrt to outer. OK.

Actively-co oled double-w all Beryllium b eampip e Synchrotron Radiation Background

• Incoming HER b eam.

1. Thin heavy-metal (Au) coating inside Beryllium.

∼ 1/100 dose reduction.

2. Sa wteeth fo r outer- x wall.

Surface scatt. → tip scatt. ( ∼ 1/100)

3. Use left-side SR mask

3mm high fo r 22mRad crossing.

(if 30mRad, it should b e higher → HOM!)

4. Dep ends on orbit: 5(670) kRad/yr fo r 0(3) mm orbit offest at QC1. → Real time orbit tracking.

P ossible r=1cm IP b eampip e design

• Incoming LER b eam.

Lo wer E c, lower p ower than HER.

→ in general no severe problems.

1. No masks (outer-x).

In order to reduce HOM resonances.

2. F rom Q’s, weak b ends and steerings:

→ Online orbit tracking ala rm just in case.

• Outgoing HER at QCSR.

La rge offset ( ∼ 4cm) → E c ∼ 40k eV, 100kW.

Backscattering from the SR dump (no w 8m away)

1. If no mask: Exp ect 60 kRad/yr.

→ Move the Cu abso rb er further away.

2. With a mask: bkg small.

One has to avoid HOM resonances.

(risky but p ossible - next slide)

Resonant HOM

Simmulation can predict dangerous mo des:

e+ /e− RF phase-shift machine study .

Be b eampip e temp vs. RF phase difference

P erio d = 31.61 ± 0.2∘ (Simulation TM011: 31.54 ∘)

P article Background

Some design guidelines

• Massive masks around the inner vertex detecto rs.

r=1cm cylindrical tunnel on each side of IP along the incoming b eam.

The length limitted by crossing angle and the b eam-sta y-clea r.

• Systematic covering of upstream b eampip es with heavy masks.

• Movable mask placements. Beta phase: not just wrt IP also other weak sp ots.

MC Simulation Results fo r KEKB (Ka rim T rab elsi)

Silicon Lyr1 doses

( kRad/yr= 107s) fo r (1nT orr CO, 1.1A/2.6A)

Version Data MC(no w) MC(2002) MC(2002) r(b.p.) 2cm 2cm 1cm 1.5cm r(lyr1) 3cm 3cm 1.5cm 2.2cm

HER Brem 6 28 13

HER Coul 35 35 13

HER sum 24 41 63 26

LER Brem 20(9) 67(63) 13(9)

LER Coul 15 52 14

LER T ouschek 57(7) 474(464) 29(9)

LER sum 82 92(31) 593(579) 56(32)

T otal 106 133(72) 655(641) 82(58)

( ): igno re bkg from just outside b eampip e at QC2.

Extrap olation to Sup er-KEKB

Beam current ∼ × 4, Lifetime ∼ × 1/3, Same vacuum (true?).

Lyr1 doses

( MRad/yr= 107s) fo r (1nT orr CO, 3A/10A)

Conservative Optimistic r(b.p.) 1cm 1.5cm 1cm 1.5cm

HER sum 0.5 0.2 0.2 0.1

LER sum 6.8 0.6 2.3 0.2

T otal 7.3 0.8 2.5 0.3

Conservative: scales with (b eam current)/(lifetime).

Optimistic: scales with (b eam current).

Vertexing

• T ry r bampip e = 1cm.

• Radiation dose.

7.3 MRad/yr exp ected.

2002 upgrade FE chip:

OK at 20 MRad.

Radha rdness is OK.

• Occupancy .

Silicon strip detecto r o ccupancy ∼ 1.

Need a pixel device fo r inner layers.

Pixel detecto r

• Occupancy < 1%

No significant impact pa ram res.

→ pixel size < 50x100 μ m 2.

• T rigger rate ∼ 5 kHz exp ected.

T rigger latency ∼ 10 μ s (ha rd) or pip eline.

• Candidates

Hyb rid pixel.

CMOS monolithic pixel.

CCD.

Hyb rid pixel

1. La rge pixel: 50 × 300μ m 2 (A TLAS), 150 × 100μ m 2 (CMS)

2. Need chage sha ring fo r p osition resolution

→ A go o d candidate: CMS analog readout

3. Thinning necessa ry (200 μ m total or less?)

4. Heat generation and co oling → mo re material.

(40 μ W/pixel fo r LHC op eration. F or B-facto ry?)

Realistic candidate: 50 × 300μ m 2 pixel with a CMS electronics

Thin Die Bump Bonding T est (U. Ha waii)

1. Dummy senso rs and dcuircuit chips fab ricated at SNF.

• 100 μ m thick. • 40 × 24 arra y, 50 × 100 μ m 2 pitch 2. Indium-bump-b onded by AIT (Hong Kong)

3. 5 samples insp ected by IR microscop e

and tested fo r misconnecction&sho rts • No misconnection.

Sho rts: ∼ 2% (Run A), ∼ 10− 3 (Run B) • ∼ 100 Ω /bump

Optical microscop e image of a die b efo re b onding.

There is a UBM sho rt.

IR miscroscop e image.

Misalignment is seen.

(no sho rts resulted)

Monolithic Active Pixel Senso r (MAPS)

CMOS camera Commercial technology Use dEdx in epi layer ∼ 150ns collection time

1. MIMOSA chips (Strasburg) 2. 4-6 arra ys 64 × 64 each. 3. 20 × 20μ m 2 pixel. 4. σ = 1.4μ m achieved. 5. Rad-tolerant design done.

∼ 40% cha rge loss at 5E11 30MeV p ( ∼ 7MRad dedx) Mo re or less OK.

6. Read-out sp eed still slo w.

(25 MHz → 10ms/cm 2) La rger pixel size? Column-pa rallel readout?

W e keep watching its progress.

CCD 1. TESLA CCD project ongoing (C. Damerrell et. al.)

2. 20 × 20μ m 2 pixel.

3. Needs to b e co oled (Liq.N2).

Rad ha rd enough?

4. Slo w read out at present.

R&D: Column-pa rallel readout at 50 MHz.

(Go o d enough when realized)

5. Continous readout.

Hop e they will mak e it so on.

(So on enough fo r Sup er KEKB?)

Central T rack ers

• Innermost CDC: ∼ 100 kHz no w.

( ∼ 10% inefficiency)

• Inner layers (upto r=15cm) to b e replaced by SVD.

• Rest of the CDC:

A small-cell chamb er (5mm cell) with a faster gas (e.g. CH 4).

Sup er-B deadtime → a few %.

Belle Central Drift Chamb er

CH 4: a fast gas candidate

A p ossible problem: rad ha rdness - R &D in progress

P article Identi fication

Belle PID π /K sepa ration Better π /K sepa ration.

Mo re noise hits at higher luminosit y.

→ Ring-Imaging

2 candidates:

• Ring-imaging aerogel.

(End Cap)

• TOP counter.

(Ba rrel)

Aerogel-RICH

n=1.029/1.050 tried.

6 × 6 Multi-ano de PMT’s. 4 outputs/PMT (4 catho des combined) F o cusing lens on each PMT.

Cosmic ra y test: J.Stephan Inst., June-Oct,01. Beam test: KEK, Nov-Dec,01.

Beam test of Aerogel-RICH

Aerogel-RICH b eam test results

N p.e.

n w/o lens w/ lens δθc

1.029 2.21 (3.78) 3.90 12.8

1.050 2.25 (4.06) 3.34 15.9

( ): MC exp ectation

1. Finer-grain PMT readout (16 outputs/PMT):

10-20% imp rovement of δθc.

2. Novosibirsk aerogel: 80% increase of N p.e.

3. Flat-pannel Hyb rid (Avalanche) Photo dio de (H(A)PD) under study .

Time of Propagation (TOP) counter

T op counter concept

• F used silica radiato r.

• 2D p osition of p.e.:

x (ho rizontal hit p os.)

t (time of propaga rion)

• Discrete ambiquit y in x.

• δt ∼ 100ps photon detecto r in 1.5T field.

TOP counter protot yp e

Beam test with 2.5 GeV/c pions (KEK).

• N p.e. ∼ 30. • F used silica p olish is critical. • Multi-ano de PMT used. But not in 1.5T field.

EM Calo rimeter

• Current system: 8376 CsI(Tl) blo cks. Q and T readout.

• Ba rrel: 1kRad/3000fb − 1 exp ected. 5-10% light loss.

( ∼ OK)

• Endcap: Pure CsI ( × 100 faster deca y time, × 10 rad.ha rd).

R&D at BINP (with photo trio de/tetro de)

Noise ∼ 1MeV → 0.2MeV exp ected.

• W ave-fo rm samp. and sho rter shaping time. → σ pileup × 0.5.

Installing FADC (from BINP) fo r a few channels fo r study .

• Pip eline readout.

Summa ry:

1. IR b eampip e radius of 1cm should b e pursued as 1.5cm as a fall-back design.

2. Beam backgrounds and IR heatings seem manageable.

3. The tracking system can b e configured as a new pixel device at the center, an expanded DSSD layers, and a smallcell drift chamb er.

4. The pa rticle ID devices will have ring-imaging capabilit y fo r b oth ba rrel and endcap sections.

5. The ba rrel EM cal could use CsI(Tl), but the endcap EM cal ma y need pure CSI.

6. F aster shaping and pip eline readouts are needed fo r most detecto r elements.

7. A detecto r fo r Sup er-KEKB at 10 35/cm 2s can b e designed as a reasonable upgrade of the current Belle detecto r.