Tevatron Operations:
Issues and Plans

Beam-Beam Phenomena

Vladimir Shiltsev



Content:
= Tevatron Operations:

> Luminosity and transfer efficiency progress
» Chromaticity drift after shutdown

> Orbit drifts - ATL law

> Reliability

= Beam-Beam Phenomena:
> Reality vs Luminosity Model
> Scallops
» Bunch tunes vs theory
» Proton losses

> Beam-beam comEensa‘rion

DoE Review 02/25/04, Tevatron breakout session - Shiltsev



Tevatron Luminosity Progress
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Luminosity Progress: Facts and Reasons
= 197 stores, 12 records peak L since Feb'03:

> 4.0e31 broken in Mar'03 #2502
> 4. 4e31 before shutdown H#H2887
> 6.3e31in Feb'04 #3245 :
gain
= CO Lambertsons Removed /Dampers TeV x 1.25
(Z+ reduced, N_p increased)
= S6 cuircuit tuned/SEMs removed . TeV/Lines x1.10
(differential C_v,h, emittance blowup fixed)
= Reshimming/Alignment/Longer stores TeV x 1.35
(smaller emm'’s, open aperture, big stacks)
s

DoE Review 02/25/04, Tevatron breakout session - Shiltsev



Fight for better Tevatron

10/02 03/03 09/03 02/04 f)/p only
Record Luminosity, e30 36 41 50 63 n/a

Protons/bunch 1709 2059 245e9 245e9 same
Pbars/bunch 22¢9 23¢9 25¢9 30e9 same
P-loss at 150 GeV 14% 10% 8% 5% 5%
Pbar-loss at 150 9% 4% 2% 2% 2%
P-loss on ramp 6% 5% 5% 4% 3% *
Pbar-loss on ramp 8% 11% 8% 6% 2%
Pbar-loss in squeeze 5% 2% 3% 1% 0%

... at the beginning of store:

Pbar lifetime at HEP, hr ~40 ~35 ~35 ~30 ~900
Proton lifetime at HEP, hr ~90 ~60 ~20 ~100 ~300*
Eff.emittance lifetime, hr ~14 ~26 ~31 ~16 n/a
Luminosity lifetime, hr ~10 ~13 ~10 ~9 n/a
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Pbar Only Store: <4% loss from Inj to LB
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Impac’r of the Fall Shquown
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Emittance Dilution in MI=> Tev Transfer
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Efficiency of (Protons x Pbars) in Tevatron
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Chromaticity

on
1

Chromaticity and Tune Drifts Changed
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Orbit Drifts
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Drift of Quad Positions : HLS in B-sector
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Drift of Quad Positions : HLS in B-sector

Change of vertical quad position btw Jan 7 and Feb 1, 2004
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Natural Ground Diffusion:ATL Law in B-sector
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Another News: Trucks...

G=ZPB 1: BO lowbeta gquad tiltmeters

1EREEE Thu 12-FEE-20@4 11:@1:51 T.Johnson
sam

-3.65
%¢Wﬁ4$“WMhﬂh#ﬁ”Hﬁw D.Plant
CiLOSTF
.CIF hz

T:0QREITY
. CIOF Lim SaEaE
GEA
-3.9

2:TROS1 50,000 Ib trucks regu-
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- excite 12 Hz vert
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- excite 50-100 micron
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Tevatron Time Breakdown
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Reasons for Store Termination : Since 07/01/03

» Controls

> Correction Magnet Systems
> Cryogenics

> Experimental Areas
Glitches/Lightning

Human Error
Instrumentation

Kickers

Low Beta Quadrupoles
Magnet Failure
Miscellaneous

Quench

Quench Protection System
Separators

Tevatron Power Supplies
Tevatron RF

Utilities

Vacuum

- all before shutdown, fixed
long damper, desensitised
to RF glitches = none since 11 '03

NNOOOCORP NP NORFR,OONOIm,PAWN

VVVVVVVYVYVYVYVYVYYY

Y

Total (97 stores): 36
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Locations of Tev Quenches - Passive Shielding?

D.Still Quench Locations Passive Shielding
N.Mokhov 1/20/03 - 1/20/04 Not possible in 2 & 3
_ Houses. (no room)
S.Drozhdin
Possible locations are
o5 | = Zero house &17 & 48
N u Locations.

20 | A0 large number of

quenches due to

15 Abort problems,

10 | | _ Including A4 and BO. |||
5 —|> I <‘7 _ il
0 I Hl_l I I I \|_|\|_|\ \I_I\ HH I \l_l\ I I \I_I\I_I\ I I I \|_|\ I

A0 A2 A4 Bl1 B3 CO C2 C4 D1 D3 EO E2 E4 F1 F3
Location
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Next Steps:

Run octupoles and reduce chromaticities > 5-15% in L
Fix optics and reduce p* > 5-10% in L
Roll 4 quads in P1 line to further. > 3-7%in L
Reduce beam-beam effects (see below) > 2-10% in L
Commission inj dampers to reduce de at inj > 2-5%in L
Implement b2 recommendations >12%inl

Continue alignment and aperture improvements > ??
Diagnostics upgrades (BPMs, IPMs, low-f quads..) > ??

Reduce downtime (crystal collim., shielding, etc) > ??
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Beam-Beam Phenomena in the
Tevatron

Shaving at 150 GeV, "square root" losses
Less of a problem now

Losses on ramp
Some progress, too

Lifetime at Low-Beta =
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Beam-Beam Tune Shifts

N 4 head-on tune shift per IP, now with
é: — P P N_p=245e9 and 95% emittance 20p
4 TE total max head-on tuneshiftis 0.018
P for pbars, 0.004 for protons
tune shift for separated beams is smaller:
'B l N p rp 25
Av =% =X >
2ymd” 7 (d; /o))
but: a) always present
b) MANY near-misses i =70
c) different bunch-by-bunch
d) HV separator limited: gd? scales as V?/ g
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Tevatron Working Points
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Evolution of Pbar Emittance

_ store #3231

Pbar Vert Emittance, r mm mrad

1 2 3 4 5 6 7 8 9 1011 12
bunch #
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Pbar Bunch Emittance Growth

over 10 min: SQ -> HEP

4_ __________________________________________________________

dEmittance, vert,  mm mrad

1 2 3 4 5 6 7 8 9 1011 12
bunch #
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“Scallops” in Pbar Bunch Emittances

ﬂ Bunches 1-12 Bunches 13-24 Bunches 25-36
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Facts about "Scallops”

"Scallops” is beam-beam phenomenon, started to occur after
N_protons exceeded 180e9/bunch in ~Jan 2003, do not take
place in every store even with N_p >180e9/bunch

"Scallops” occur in both planes, but often more prominent in
vertical

Duration of faster emittance growth is 15-60 min
Pbar emittance does not exceed the proton one

"Scallops” are dependent on tfunes, strong near Q=0.6; vertical
tune change -0.002 can significantly reduce scallops, that has also
been confirmed by TEL studies.

Small "scallops” were seen in protons

Scallops are the same in all three trains of bunches (vary <20%)
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1.7GHz Schottky Spectra
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R.Pasquinelli
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Vertical --- 05794 - U] mommmmemmes V7] oo 5.108.28 .
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- _ WldThS
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= =
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Pbar Tunes Drift Down due to Beam-Beam

Mon 23-FEB-2004 20:43:18

T:TUBPHT
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T+TUBPYT
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LInsts
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0.003/div

il A |

L9800 0000 Q2000200 040000 DEO000
L95 T1 = Sat Feb 21 00:00:00 2004 T2 = Sat Feb 21 08:00:00 2004
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Tune

Tune

Measured vs Calc'd Pbar Bunch Tunes

Pbar Hor Bunch Tune: store #3206 (Jan 29, 17:56)
0.590 5.5 hrs into the store
I pbar tune H
0.589 : :

0.588
0.587
0.586
0.585
0.584
0.583
0.582
0.581
N 58N
Pbar Vert Bunch Tune: store #3206 (Jan 29, 17:56)
6,500 ey
0.5891
0.588 1
0.587 -
0.586 1
0.5851
0.584 -
0.583 1
0.582
0.581
0.580

err=2e-4

5.5 hrs into the store

| I pbar tune V |

12 3 4 5 6 7 8 9 10 11 12
Bunch #
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Chromaticity

Measured vs Calc'd Chromaticites

| store 3253 B C x B

bunch # bunch #

|
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High ProTon Losses and Shaving at HEP
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Proton losses induced by Pbars

Store #2953

ze
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Proton Intensity and Emittances ~Uniform
ag b @)
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Proton RF Phase - Beam Loading

File Preferencies Help

\ Name

X Time

T |T: SEDPCH

i Hour

T1 |21

Tz |22
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W -1 o
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]
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put data to clipboard | sawe to file

v’ show gap hetween l1Z2-bunches
0,025 E

0.0l
-0.015
-0.021
-0.005
-0.009
-0.037
-0.086
-0.074
-0.0a7
-0.079
-0.107
0.052
0.024
0.042
0.008

Tnits

> ||INSEC

Year

-

apply new data format

Selected time:

Dewice:

Description

SED prot centroids
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zave as JPEG
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- results in 3cm variation of IP z-position

| BeamMon #1 CotPrimaryVertexMonitor
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Horizontal pbar centroid position @ SL, mm

Pbar bunch positions vary due to beam-beam

n
—

—

Store #2953

Bunch #
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Pbar bunch intensities and sizes VARY (from AA)

Mode Canned Displays Help

eSS @) Store #2932
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Loss of protons due to pbar non-linearities

Proton loss Rate vs Pbar Vert Emittance,

22 4 for bunch colliding at CDF
20 - * P.Leb
| g& corun
18 — *
] N
16 - ¥ S# protons

&
14 -

12 H

R =-0.64 for 173 pts
(Significant correlation)

10 S

Pbar Vertical Emittance (mm mRad)

0 5 10 15 20
Proton Loss Rate (MHz)
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Pbar Emittance Matters for Proton Losses @ HEP

Proton Lifetime and Pbar Emittances in 2003

: : : ®  Pbar emittance
25 _. ______________________ _________ @ Prno-l-on |OSSES

(SLAEX+SLAEY-20)/2, pi mm mrad
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These Losses Less of a Problem Now

Reasons:

a) Proton emittance reduced : MI->Tev inj dilution reduced
after shutdown, smaller p-emittances from Booster since
Jan'04

b) Pbar emittance increased : due to larger stacks we shoot
from nowdays

Possibilities for future:
a) Explore wider tune region
b) Shave protons in MI

c) BBcompensation
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Just Another Puzzle: Collisions OFF-Waist

<1 hr lifetime
\ p-losses, a.u

(Oct'02, Aug'03) t
. pbar-losses, a.u.

Z-position

1 RF bucket away

.. need more systematic studies
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How to Counteract the Beam-Beam

Pbar,p loss at 150, ramp larger aperture & helix
lower chromaticity
smaller beam sizes
Wire-BBC - ?

Emm, Lumi lifetime at HEP larger helix

lower chromaticity

TEL-BBC ("scallops”)
Wire-BBC - ?

DoE Review 02/25/04, Tevatron breakout session - Shiltsev
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TEL and Wire BBC Complimentary

strength of resonance

beam — beam diffusion = f( )

distance to resonance

= TEL is good for tune control, DC (e.g. head-on BBC) or on
bunch-by-bunch basis (parasitic BB)

= Tt's not easy for the TEL to control strength of resonances -
e.g., lifetime with Tel was significantly improved only after
major hardware change (e-gun design to generate smooth edge
e-beam)

= Wires are good for DC resonance strength control

= Wires might be helpful for both head-on and parasitic beam-
beam
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BBC: Status and Plans

Past:
» TEL-1 installed at F48 Feb 2001
> max tuneshift dQ~0.009 achieved 2001-2002
» TEL-1 operational for abort gap cleaning since Jan'2002
> Gaussian gun fixed p-lifetime Feb 2003
» 157 indication of BBC with TEL May 2003
Present:
» Improve diaghostics (tunes, BPMs) July'O3-now
> Re-build a team for future work July'03-now
» Theory of Wire Compensation Oct'03 -now
Future:
> Wire BBC review May 2004
> Build, test and install TEL-2 as spare Oct 2004
» Build 13kV HV modulato Feb 2005
» Commission TELs for BBComp 2005-2006
DoE Review 02/25/04, Tevatron breakout session - Shiltsev
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Spare magnets are being built at THEP - 05/04

160 4

140 4

120

100 4

60 4

40

20 4

-1500 -1250 -1000  -750 -500 -250 0 250 500 750 1000 1250 1500

Z, mm
0.1 /.\
0.05 /

0 45 90 135 180 225 270 315 360
phi,degree

—e— Bx(0 A) ——Bx(5 A) —&— By(0 A) =< By(5 A)
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Need wider beam => new HV modulator

Electron Current Density Profiles
e

P
o
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I
(&)
1

N

o
I
e

—m—old, J=2.4A, U=6kV, uP=5.1
—® — Gauss, J=0.6A, U=6kV, uP=1.2

A new, J=4.2A, U=13kV, uP=2.8

A
o
|

Current density on the cathode, Alem’
o o
=
\
/
| 4

& i : ; : ; ; PN

‘/
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65-432-1012324256 7
Radius, mm

O
=

-7
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Need of Smooth Edges = Gaussian Gun, “Hat" Gun

USAM v1.2 24-87-2002 15:42 v17nt_2nn_gouss By M.Tiunov New gun design (*hat")
NIT=20 - -
A )=1.151 !
Results of > 118 L1t FY'04 shutdown
. . ALFA(MRAD )={37. 858
20 | SAM simulations  umax.uz= R
EPS(MRAD*an )= USAM v1.2 28-B1-2084 15124
Rllmm )=
I o e Ripn ) A Um\h[gEU]i
15 - H 11 LN L1 22[|l|l 3: 1[ ]:
Profiler ~ “Grid : M(Arcnse? )=
ALFAINMRAD )=
s a0 | UTHARAZ=
EPS(MRAD#nn )=
19 | Rllmn )=
= AIE
Electrode Anode ST
_j 2 301 20m )=
5
AL — ] .
i i E ‘1‘1‘1‘1‘&‘?&2"\‘&1‘&3\‘%\\\\\ —
Cathode Y N oS~ 2| f
@ 1 L | FREIAN INNNtImrEEn ! 1 i
-5 9 i) 15 Z(nn )
. , 10 ¢ " 1
Installed in Jan'2003 ) N
0 \\”f ‘ ‘ ‘ ‘
5 5 15 25 35 Zn )
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Conclusions on Beam-Beam Phenomena

Beam-beam effects significantly affect
performance of the Tevatron

There are some operational successes (proton
lifetime at HEP, 5* helix) , but, in general, the beam-
beam effects require more studies and modeling

Prospects for study time are brighter than at the
start of FY'04 (see some results in R.Moore's talk)

Beam-beam modeling is underway, coordinated by
T.Sen (incl. Two groups at FNAL, SLAC, LBL, BINP) -
micro-review Mar 5, 2004

Beam-Beam Compensation projects (TEL and Wires)
have a potential of lifetime improvement, will
undergo reviews in FY'04
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Rebuilding the BBC team

= QOver the last 6 mos: 0.25FTE

» 10% V. Shiltsev - management (planning, scheduling), studies
» 25% XL.Zhang - TEL-1 maintenance, tuneup, spares, studies
» 5% K.Bishofberger, H.Pfeffer, G.Saewert

= Need for the next year (s): 6.5 FTE
> e-system engineer (offer to G.Kuznetsov)
» postdoc (offer to L.Prost)
> overall support (20% of Jim Volk)
> QPS and PSs (2FTE from EE)
> 16kV modulator R&D (1IFTE from EE or TD)
> tests, magnetic measurements (0.6 FTE - visitors)
> cryo (0.25 FTE - Alex Martinez?)
» studies and theory (1.5 FTE - Valishev(GS), VS+YA)
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Spare TEL: main components

3.65m (143.6”)

Superconducting salenoid

B[ [¢ | [B]®
BpiE | - :
B [P Szl
I
¢ ¢ b
a—beam
j : Collector solenoid
e—qun / \ bun_solenaid Collector

+ HV Modulator, HV+HC PSs, Cryo, QPs, Vacuum, Controls, Diagnostics, Cables
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e—Ebar alignmen’r IS crucial

Dependence of Pbar tuneshift due to TEL on e-beam postioning
0.4 -

For 6=0.8 mm Gaussian e-beam

0.2 1

=
o

—m — Horizontal Tune

0.2 ol

a & — & — Vertical Tune

L o
06]9R,.. ~:-0004

Error of relative e-
pbar postion
measurements

Tuneshift, dQ / Ideﬂxl

Fon 0 U - W - T (5 T,

~'_I.5 mm

10+ ———— ——r
-5 4 -3 2 1 0 1 2 3 4 5
Hor position, mm
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TEL BPMs - Need to Be Improved

——EPM

1.0+
0.8+

064

]
[}
1 L

o]
=
L | 1

1.4mm

&
[
1

BPM Readings {mmn}
=1
-,
|

=
<

0.3

-C/ibrate BPMs X(f) i the tunnel with variable
pulse generator -need access (missed that in Oct)

1.0 O E ) 2
p-pulse: ? 4 0 B0 M e.pulse:

eCalibrate BPMs using longitudinal waves in e- :
giong Pulse fullwidh (ns)

beam excited by protons - need study time, to do 2ns rms

*Install new BPMs — already designed, need to be
tested and insta//ed next Shutdown |
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TEL2 @ All - radlevels under investi
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HV OQutput Waveform depends on what to BBC

. 5Orrgmal deS|gn Bunch by bunch ‘rune compensa‘rlon

N
(&) o
| L | 1

B2
o
-

Electron current, A

(@) - -
(&) o (8
l 1 l 1 I 1

B R R N N
012345678 91011121314151617 18
bunch #

0.0 2

DoE Review 02/25/04, Tevatron breakout session - Shiltsev

56



or like that.. ?

Possible waveforms for "scallops", High Lostp and NL- BBC

Electron current, A

— ®— Scallops "
— o — High LOSTP o o

_every
7th turn

12345678 91011121314151617 18
bunch #
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—Uk

W CE%, 77777 _L\/J cathode

profile

=

_ :1 Co . | |_ anode
"'H:P%‘%J | | Srezie
R q \/ e—beam ; é
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Pbar bunch tunes in collisions - Calc'd

05745 0520 0535 0.590 0.5945 0.G00

P.Bagley
Yu.Alexahin

0.500 0.590
T.Sen
0 52e asas D-Shatilov
0.520 | osz0
:l'llflll'.-; H
0.575 g 0575 |n 1996. P.Baal
| AN A - n P.Bagle
' 'II":'i q—h""\-\.\_\_\ g y

found a good
agreement between

0.570 0.570 his calculations and
measurements
\ s (though the lattice

was somewhat
0575 0.520 0525 0.590 0.595 0.500 different)
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Backup slides 1
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Backup slides 2

" beta”™*=35*(eff.emm_L
— 10 store avg

i’ eflf emm_FW)

B* from avg. peak Luminosity, cm

35 ; : : . : ; ;
S & L L QLI
(N) (N) (N) (N) (N) (N) (N) (N)
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Tevatron Department Organization Chart

Ron Moore
Deputy Dept Head/
Tev Upgrades

Luminosity Group
Jerry Annala

Dean Still

Jim Volk

Bruce Hanna

Dan Bollinger

Jim Walton

Roger Tokarek
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Pbar Loss on Ramp: Aperture+Emittance+Beam-Beam

Acceleration effeciency VS Pbar emittance
102 -
H "
100 B .f -
98 - .
TR
5‘ 96 W”)
5 o .
S 9o ¢ w4 o ¢
h e .o’ $ %
90 g\—f. *: z. . ..
88 —
86 -
84 I I I I I
0 2 4 6 8 10
Vert Pbar emit before ramp

12

#3254

J.Annala
T.Sen

¢ eff to 193
m193to FT
ramp eff
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History of TEV Tune Measurement Systems

21MHz Schottky
> since last century, main tool nowdays
» automatic tunefitter by Lebrun (2003) - operational, 15 sec
> unsuccessful attempt to separate pbars - Huening, 2003
» TevChrom application by Lebrun (2004) - to be tested
21MHz Schottky and bunch tickler:
> 1996 Bagley successful measurements
» 2002 Tan, Shiltsev, Zimmermann, Zhang used TEL and Damper
» Significant emittance growth, losses
Tan's Pbar Tunemeter
» Built in 2001, in 2002 found "not good" by Sen and Tan

» Fast emittance growth, beam loss... disassembled (parts for
dampers)

New 1.7GHz Schottky:
» 2003 Pasquinelly&Co, soft (fit) by Jansson
» pbar/p bunch tunes and chromaticity - still questions

» New tunefitter under development by Lebrun (2004)
Tan's "funetracker” - great expectations, early 2004

Vahid's "Head-tail" monitors - same, tunes+chroma+coupling
DoE Review 02/25/04, Tevatron breakout session - Shiltsev
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Tickler Experiment

tunes Qx, Qy

EoS Measurements of pbar bunch tunes - 12/03/2002
o127, C— — e —— sy e

0590 _-."IIIIIL ._...Ilf R e e ./ ...._,III \.v. i
0588 | S

0.582 1
0.580 -
0.578 _

0.574

— = — headon Qh

*  headon Qh
— 4 — headon Qv
— v — headon Qv

0

4 8 12 16 20 24 28 32 36

Bunch Number

CYTan
XLZhang
F.Zimmermann
V.Shiltsev

:ither TEL or damper
icker were used as
lI0ise source
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Tune Diagnostics for BBC

* /S needed to see tune changes
of individual pbar and p bunches

* significant progress in software
development for 1.7GHz
Schottky monitors : W101 page
(RP, AJ), “new tunefitter” (PL)

*works well when gated on all
36 bunches, repeatability is
0.0005-0.001 — enought for
tuning

* not enough signal (S/N 1-2dB)
when gated on individual pbar
bunches or triples (e.q. 2,14,26)

* still can not make full sense of
the spectra: tune and
chromaticity distribution along
bunch train is not what expected
and previously seen

« alternative to 1.7GHz Schottky
— “tunetracker” (CYTan), be
available in spring (summer?)

DoE Review 02/25/04, Tevatron breakout session

1.76Hz Schottky detector: store #3122
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Specs on Tune Measurement System (draft)

= accuracy of dQ 80.001 with typical intensities
= reports every 2 seconds or faster

= both protons and pbars

= for every bunch

= non-destructive, tolerable de/d1<0.2 p mm mrad/hr
= measures chromaticity - desirable

= measures coupling - desirable

= works for uncoalesced beam

= potential to be used for tune feedback df¥0.5Hz
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Longitudinal Beam Diagnostics Requirements

DoE Review 02/25/04, Tevatron breakout session

- Shiltsev

parameter avg |indiv |accuracy rate | comments avail
Bunch length yes yes 1% (0.02ns) 1sec | RMS, Gaussian Yes
Bunch emittance | yes yes 2% (0.08eVs) |1sec |95% Alvin; rms Yes
Inj.oscill dE,djgr | yes yes I1MeV/1 deg event |BLT Yes
Centroid wrt RF yes yes O.1ns 1 sec Yes
Relative timing yes ho 0.2ns 1sec |Pbar wrtp,alarm |~ VYes
Oscillation ampl yes yes O.Ins (2 deg) |1sec |Fromdampers? |No?
Oscill frequency | yes no 2% (le-5) 15sec | Tunefitter ? No?
Bunch intensity yes yes 1% ,0.3e9 1 sec Yes
Satellites intens | yes yes 10% 15sec | WideGate/NG ~ Yes
Abort gap intens | yes 3 gaps | 30% of 1le-9 3 sec No?
Shape type yes no ??7? 1sec | figure of merit? |~ VYes
Tomography no select | 5% event No
RF Phase noise yes cavity | 10mrad 1sec |J.Reid,5-100 Hz |~ Yes
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Beam-Beam Effects: Losses @ HEP

Q Antiproton Loss Rate: available dQ < 0.006 Q

0586

0.584
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0.580

0.578
0.576
0.574
0.572
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0.568

LostPbh-EoS Dec.14
0’586

0.584
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0.580
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-l - - Iog(L;sth(KHz;)
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0572}

ang, M.Xiao
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Proton Loss Rate: available dQ < 0.012 . qisey

LostP-Dec.14 2002
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At the beginning of the store available WP area is even smaller dQ < 0.004

.. and this is at N_p=180e9

No available tune space expected above 240e9 - that's where we are now
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dgv/dT, T mm mrad/hr

Pbar Vert Emittance Growth Rate

= "Scallops” is beam-beam

: ‘ to occur after Nprotons
74 1320-1354 L. U e e exceeded 180e9/bunch

' 4 "y = "Scallops” do not take

' {. At . with N_p >180e9/bunch
9- T | s “Scallops” occur in both

1 . Y/ | . planes, but often more
oo v prominent in vertical
3 ' } \i = "Scallops” seem to be

i Sy dependent on tfunes , e.g.
>3 I T N RO O S O vertical tune change -

‘ ' ' 0.002 can significantly

1 _ Error bars reflect train- reduce scallops

. to-train variations ~ 5-20% = Small "scallops” are seen
0 — in protons

0 2 4 6 8 10 12 = Scallops are the same in

all three trains of

Bunch number bunches (variations <20%)
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Beam-Beam @ Injection: Shaving

Pbar |nten5|ty decays after |nject|on as exp(-t0 5)

33 1
32 1. " data, store 1845
| m : _
314 \. f!t exp(-sqri(t/o.4hr) = dN_pbar scales approx. as
o | Nwo | T fit exp(-t/1.6hr)
0 e . > Sqrt(time)
E » Chromaticity”a, a=1..2
(ZD » N_protons”™b, 6=0.5..1 (?)
< g
- é . YO
E 57 - ""11,1 Also
; N N PR
264 A e N > Larger for larger
i emittance
25 ——T——T——T—— T
0. 00 005 010 015 020 025 030 > Larger for larger dp/p

time after inj, hrs
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TEL Suppresses Pbar V-Size Growth: 3 hr in store

— GxPA1: SYHNC LITE A
.25 Tue 13-MAY-ZEBE B2:d42:d4 StOre #2540

.3
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15 npﬂ( I
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Tl = Tue May 12 @O:4&:80 2802 T2 = Tue May 12 @1:20:6868 2802
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Pbar loss on ramp on Ramp

— GxPA 1: Lumberjack Plot T:IBEAMB
1.8 Thu 14-pUG-2EE3 17 W
l1zmeg
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FHE81 5128188 156:36:54@ 1613148 16:
Tl = Thu Aug 14 156:3@:@8@ 2003

F2i38 16233120
T2 = Thu Aug 14 15623584

1683411

dN_pbar on ramp
approx 8%

approx 2% no p's

including 5-6% above

500 GeV where

separators reach max

voltage

> Need 2!/2 stronger

separators (Run IT
project)

Larger for larger dp/p

and emittances

Nex helix (Sep'03)
helped a bit (1-2%)

DoE Review 02/25/04, Tevatron breakout session

- Shiltsev 73



Beam-Beam Effects in Protons - 2002

220 Fri 18-0CT-2002 19153118 = See lOSSCS in

e i squeeze in store
e ‘ | i #1868

>
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Proton Losses While Cogging Pbars

FTF ¥3.48 Wed 23-0CT-82 17:53 Fri=a

/ Pbars pass p-bunches

3 times while cogging

Second=s FREFEAT OH EWEHT &2 enginesering units

Rad level at A11

128
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16 house Quench Dec, 5, 2003

Dean Still
Fermilab Tevatron Department
12/12/2003

Acknowledgments

The data, analysis and conclusions presented come from
many people and departments in order to carefully and
accurately describe the events of the 16 house quench on
December 5, 2003. I would like to thank and acknowledge
all those who contributed. The list is of personnel is long
but these are the main contributors: J. Annala, B. Hanna, T.
Johnson, D. Wolff, B. Flora, N. Mohkov, S. Drozhdin, B.
Hendricks and Mechanical support, CDF pot personnel.
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Addition of A48 Collimator to Protect against AO abort kicker

DO antiprotons
CDF ~ =
> < R 7=
Protons Pbars AN
100000 [ L 1] }—- RN
N \\ EO
Pots 0 W
\
. : target \\\ \\
A48 location . | Vo
A11V collimator | = collimator Ve
Already in place R
| |
AOQ proton abort ,' I/
N )
kickers i
IR // //
B0 ) Fo
947
/ 7 \/\/
Add .5m rotons //// /’/
Collimator ~<__ - g
at A48 to shield _ ,{-3’ -
against prefires A0
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CDF Pot 3 Position

Pots have been found in additional failure test to move at __

1200muils/sec.

C:TPOTEH MILS

Reproduced after quench Similar incident on
On Dec 5, 2003 ~ 3/17/03
DoE Review 02/25/04, Tevatron breakout session - Shiltsev

/8



Pot 3 Pictures

Pots did NOT sustain any damage: Can conclude that they
did not hit primary beam.

a

|

1l

These are pictures before Dec 5,2003

(Courtesy CDF Pot Personnel)
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A48 Location

Collimator

Pot 3
Pbar beam
I B ’

> Proton Beam
In to beam

Y
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T44 loss of Quench

TiLMA4S TiLMD1Z? fLMD1 TiLMF4s
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QPM Over Sample Buffer

QFM CELL VOLTAGES FOR MASSIVE BEAM-INDUCED QUENCH ON 12/5/03

50 Displayed are the earliest abrupt (>1ms) quenches that occurred in the ring Development Of
| Quench
10 HOQUOAGRADG S Abort Fired- | A48T 16msec

D48L 13.5msec
F17L 13msec
E11U 12.5 msec

Before abort
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ad adf: Magnet Voltage #5 (#31)  [Valts]
dd adf: Magnet_Voltage #4 (#30)_ [Wolts]

Pl Magner Votage ) #26) TVots] (Courtesy D. Wolff
Quenched 5 dipoles at A48; DI/Dt = .5A/msec & EE Support)
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A48 Bus Drawing

Protons
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Displacement at D49 Target due to A48 Dipole Quench

phase from

location betaX phase advance col radians Displacement at collimator in mm
A47-4 61 20.3 10.933 68.69406 -0.026792767
A47-5 95 20.313 10.92 68.61238 -0.039417491
A48-3 215 20.324 10.909 68.54327 -0.066606399
A48-4 335 20.327 10.906 68.52442 -0.085562357
A48-5 480 20.33 10.903 68.50557 -0.105280213
D49 col 87 10.651 20.582 129.3205 -0.038580551

Using Dan Wolff's estimate that the current was coming out of A48U at a rate of

1/2 amp/msec.

A Dipole give 8 mrad of bend at 4350 amps, so we get 1.8 mrad of bend per amp.

The dipoles in the half cell are losing .9 mrad of kick per msec. -0.362239778

The displacement at the collimator is given by the sum of

Dx = q sqrt(f1b2)sin(Y2-Y1)

Where location 2 is the collimator, and location 1 is each of the dipoles in cell

A48U
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Dx @ D49(mm) Ume
-0.36 1 msec
-0.72 2 msec
-1.09 3 msec
-1.45 4 msec
-1.81 5 msec
=217 6 msec
-2.54 7 msec
-2.90 8 msec
-3.26 9 msec
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Damage to D49 Target
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Damage to
D49 estimated

Took 20-30 turns
To create hole.

Once the hole

was open allowed
Beam to travel to
next limiting
horizontal aperture
which 1s E03
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Simulation of losses on collimators
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Figure 14: Particle hits at the collimators D49, EOZ, EO3, F172 and at Roman Pot No.3 at dynamic
simulations of quench of 5 main dipoles at A48 region. Time histogram of hits is shown on bottom-
right of figure. Field degradation rate is &#/8 = 2.386 > 10— > Horizontal collimator F17(2) is

retracted from working positions by 3 mm back, all others are retracted by 1 mm. The collimator
D49 is assumed is melting with a rate of 0.04 mm per tum.
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(Courtesy S. Drohzdin)
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Damage to EO3 1.5m Collimator

Protons
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2 Stage Collimator System

2 Stage Collimator System
15 15 \ \ [
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N. Mokhov et.al, “Tevatron Run-II Beam Collimation System” ,
Proc. PAC 1999, or Fermilab-Conf -99/059.

1.5 m collimator
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Tevatron Collimator Laxouf

DO antiprotons

12 collimators total: <=
4 Targets B AN NG
8 Secondary collimators

C0
Arranged in 4 sets: |

2 pI’OtOn SetS —  collimator
2 pbar sets

target

Proton Set 1
D49 Tar, E03 & F172 2nd

IR

D171Tar, D173 & A0 50

Pbar Set 1
F49 Tar, F48 & D172 _

Pbar Set 2 1'== g
F173 Tar, F171 & E02 A0
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Tevatron Ring Wide Loss Plot

GxPC1: Tevatron BLM Snapshot Ent 10 Main Inj BLKM Supply Voltages
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Conning tower
correction
clement damage
requiring C1

to be warmed to
room temp

for repair.
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Conclusion:

1)  The current Quench Protection System would NOT be able to
%gcg;rhis type of event because it processes data at 60Hz
.67 msec.

2) It might have been possible to stop damage to collimators with
different loss monifor protection system other than SVX. This
needs discussion and possible loss monitor hardware system
upgrade.

3) Even though 2 collimator devices were damaged, these devices
defined the limiting aperture and are easy to change and
provided protection o other components.
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