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Introduction 

• S. Fartoukh in LMC 2014.04.30: ATS optics under study for 

possible use in 2015 

• From collimation side, need to quantify influence on 

– Cleaning 

– Machine protection (TCT impacts during dump failures) 

• Detailed talks on the topic in Collimation working group 

2014.06.13 

• Today: summary of the CWG meeting with some news since then 
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Cleaning 

• Simulations performed by D. Mirarchi 

• Using SixTrack with collimation to simulate the leakage out of the 

collimation system. 

• Simulation setup:  

– pencil beam on primary collimator,  

– 6.5 TeV,  

– mm kept collimator settings 

– 2015 ATS optics or nominal optics, β*=55cm in IR1/5, 3m in IR8, 10m in IR2 

• Results: loss distributions around the ring 
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Loss map nominal optics, B1H 
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Loss map ATS optics, B1H 

Losses in IR1 and IR8 

(local dispersion  

from IR8 crossing) 
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Zoom IR8, ATS optics 

 

New significant peaks of height  

comparable to IR7 DS! 



R. Bruce, 2014.08.22 

Zoom in IR7, nominal 
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Zoom in IR7, ATS 
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Conclusions on cleaning  

with ATS optics 

• With ATS optics: 

– 10% higher integrated losses in the first IR7 DS cluster: not worrisome 

– New loss spike in IR8, comparable height to IR7 DS: possibly worrisome. 

We don’t want new losses in addition to other doubts for the 2015 config 

– Higher losses in IR1: possibly worrisome 

• Vertical plane shows similar features in B1 

• B2 loss maps similar with ATS and nominal 

• New losses in IR1/8 could possibly be mitigated by re-matching 

the optics (S. Fartoukh). Preferred solution 

• No immediate showstopper, but if new loss spikes persist: Need 

FLUKA study of energy deposition in superconducting magnets 

before final conclusions can be drawn and giving green light 
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Machine protection –  

dump failures 
• Dump failures (single module pre-fire, asynchronous dump) 

imposes limit on retraction TCDQ – TCT, as TCTs are not robust 

• TCTs must also protect triplet at all times and cannot be too open 

• Major difference ATS/nominal optics: changing B2 phase advance 

from MKDs to IR5 TCT 

– Nominal optics: ~180 deg. => TCT5 out of phase, impossible to hit with 

primary beam during dump failures 

– ATS: ~80 deg at β*=55cm, closer to 90 deg at smaller β* => TCT5 in phase 

with dump kick. Possible risk of being hit during dump failures 

• Need to quantify the influence of this change on machine 

protection 

– In addition: 25 ns => potentially double the TCT impacts. 6.5 TeV => lower 

damage limit in number of protons 
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Calculation of collimation margins 

• In Run 1, used simplified model for calculating margins and resulting β*.  

• Using “direct shadowing” to quantify protection, i.e. if a TCT is outside the cut 

of the TCDQ, it is considered protected. Underlying simplifying assumptions: 

1. Implies 90 deg phase advance – in Run 1, we knew that real phase advance 

was better (hidden margin). Pessimistic! 

2. Most exposed TCT in Run 1 was in IR1 B1, after passing IR7. But protection of 

these collimators not included (hidden margin). Pessimistic! 

3. No out-scattering included. Optimistic! 

• We used a simplified model, but knew that it rested mainly on pessimistic 

assumptions 

• With ATS: assumptions 1-2 no longer pessimistic but reflects reality - we now 

have this case! 3 remains optimistic. => Need better quantitative 

assessment if margins are sufficient 
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SixTrack simulations of ATS optics 

• Can do improved assessment of TCT damage risk using new 

simulation tools: New SixTrack version available (L. Lari et al, 

IPAC2013,IPAC2014) 

– SixTrack simulates dump failures with full collimation system in place, 

including scattering, and realistic bunch distribution 

• Could conclude on suitable margins based on damage onset 

• Simulation setup: 

– 6.5 TeV, Single module pre-fire, 2 σ retraction settings (more pessimistic 

than mm kept), Nominal 55cm and ATS 2015 55cm optics, B1 and B2, 

Gaussian beam with 3.5 um emittance, energy spread 1.1e-4 

– Separate simulation for each bunch with 25 ns spacing, different kicks. 

Post-processing: sum all bunches, normalize to 1.3e11 p/bunch 
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Losses at TCTs vs retraction 

• Summing all bunches in MKD sweep, TCTs in IR1/5, both beams, 

ATS + nominal optics, β*=55cm. Scan over TCT settings 

• Compare with damage limits (A. Bertarelli, MPP workshop 2013) 

– Plastic deformation: 5e9, Fragment ejection 2e10, 5th axis unusable 1e11. 

Under study by MME 
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Remarks on results 

• With proposed settings and 2012 error probabilities, TCT could 

be as deep as the TCDQ level.  

– Main contribution: orbit uncertainty, followed by β-beat 

• Constant “background” on IR5 TCT also at larger openings –  

out-scattering 

• Significantly higher losses on TCTs with ATS optics than nominal 

• Reaching plastic deformation at 7.5σ for worst TCT in nominal 

optics and at 8.5σ with ATS. Fragment ejection reached at 7.0σ 

and 8.0 σ respectively  

 => Same damage reached with TCTs 1 σ further out in ATS 
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Variations in simulation 

• The simulation result could be sensitive to several parameters – 

investigating through simulations of worst case (ATS B2) 

– Decreased transverse emittance 3.5 um -> 1.7 um 

– Increased energy spread 1e-4 -> 3e-4 

– Error on TCSG-TCDQ retraction (increasing 0.5 σ -> 1.5 σ) 

– Non-Gaussian tails from measured profile (see S. Redaelli, IPAC 13 or F. 

Burkart’s master thesis) 

– Phase errors – one “good” and one “bad” case from random variations in 

MADX 
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Simulated variations 

• ATS 2015 optics, B2 with above variations 

 
Phase very important! 

Better phase advance could  

help mitigating the losses! 

Regardless of optics, watch  

out with TCDQ alignment  

and tilt!  
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Additional cross-check:  

simulating random variations 
• Simulating single module pre-fire in 1000 random machine configurations.  

• All collimators kept at ideal settings, but imperfect orbit offsets, β-beat, 

collimator tilts 

• Spread introduced around curve for ideal machine 

• Imperfection seeds contained below curves on previous slide. 
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Conclusions on dump failures  

with ATS optics 
• ATS optics more challenging in terms of load on TCTs, due to 

different phase advance IR6 -> IR5 in B2 

– Run 1 assumptions for margin calculation no longer valid – better 

assessment needed 

• 1 σ difference ATS-nominal in setting where damage limit is 

crossed 

• With 99% confidence on drifts, simulations suggest we are still 

safe, but on the limit of plastic deformation.  

– However, significant uncertainties on damage limit and simulation 

– Very sensitive to phase advance. Can we change it? 

• Nominal optics: Run 1 assumptions on margins can safely be used  

• More margin needed for ATS 
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Backup 

 



Summary H plane Beam1 
Config. Average losses Integrated losses 

Q8-9 Q10-11 Q8-9 Q10-11 

mm+ ATS 1.91e-05 1.29e-5 6.05e-4 3.47e-4 

mm+ NOM 1.78e-5 1.43e-5 5.51e-4 3.86e-4 

MQ First pass Multiturn 

ATS Opt. Nom Opt. ATS Opt. Nom Opt. 

8-9 2.64e-4 2.79e-4 3.41e-4 2.72e-4 

10-11 1.69e-4 1.84e-4 1.77e-4 2.02e-4 

Source of integrated losses in IR7-DS: 

Conclusions:  
• with ATS we lose 7% on avr. losses and 10% on int. losses on Q8-9 due to multiturn losses, 

but we gain ~10% both avr.&int. losses on Q10-11 because now we lose more in the two 
following clusters of losses (see zoom IR7) 

• Peaks at IP1/8 are given by a mismatch in the non-periodic dispersion due to the crossing 
scheme 



Dispersion IP8 peaks 

63 0.0000000000E+00    0.6522330023E+03    0.1251206821E+04    0.1722130746E-01 CU   0.10000E+01   0.57404E-03   0.79507E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        64 0.0000000000E+00    0.2314333129E+03    0.6968547394E+03    0.1025835376E-01 CU   0.10000E+01   0.34195E-03   0.59336E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        65 0.0000000000E+00    0.2433747802E+02    0.2751511065E+03    0.3326614849E-02 W    0.10000E+01   0.11089E-03   0.37285E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        57 0.0000000000E+00    0.8446127012E+02    0.1033495615E+03    0.3098585926E-02 W    0.10000E+01   0.20657E-03   0.22851E-03   0.00000E+00   0.00000E+00   0.15000E+02 
        75 0.1571000000E+01    0.1438495336E+03    0.9623056807E+02    0.2202751463E+00 CU   0.40000E+01   0.26959E-03   0.22050E-03   0.00000E+00   0.00000E+00   0.99900E+03 
        69 0.1571000000E+01    0.9819015134E+02    0.1598185500E+03    0.2838720007E+00 C    0.10000E+01   0.22273E-03   0.28416E-03   0.00000E+00   0.00000E+00   0.99900E+03 
        70 0.1571000000E+01    0.2230188304E+03    0.3036923467E+02    0.1237445128E+00 C    0.10000E+01   0.33567E-03   0.12387E-03   0.00000E+00   0.00000E+00   0.99900E+03 
         1 0.0000000000E+00    0.1315206321E+03    0.1446940412E+03    0.3866621697E-02 C    0.60000E+00   0.25777E-03   0.27038E-03   0.00000E+00   0.00000E+00   0.15000E+02 
         2 0.0000000000E+00    0.5460459960E+02    0.2986240091E+03    0.2989720569E-02 C    0.10000E+01   0.16610E-03   0.38842E-03   0.00000E+00   0.00000E+00   0.18000E+02 
         4 0.0000000000E+00    0.2620972268E+02    0.3951963722E+03    0.2071320001E-02 C    0.10000E+01   0.11507E-03   0.44684E-03   0.00000E+00   0.00000E+00   0.18000E+02 
         6 0.2981020000E+01    0.3586769724E+02    0.3441113779E+03    0.2676032394E-02 C    0.10000E+01   0.13462E-03   0.41696E-03   0.00000E+00   0.00000E+00   0.18000E+02 
         8 0.1989675347E+00    0.4553782236E+02    0.3126775752E+03    0.3026992169E-02 C    0.10000E+01   0.15168E-03   0.39746E-03   0.00000E+00   0.00000E+00   0.18000E+02 
        46 0.1571000000E+01    0.1425293104E+03    0.1760130738E+03    0.5964114033E-02 W    0.10000E+01   0.26835E-03   0.29821E-03   0.00000E+00   0.00000E+00   0.20000E+02 
        47 0.0000000000E+00    0.1516147466E+03    0.1686870412E+03    0.5535338685E-02 W    0.10000E+01   0.27677E-03   0.29193E-03   0.00000E+00   0.00000E+00   0.20000E+02 
        48 0.0000000000E+00    0.1294357029E+03    0.1687063232E+03    0.5114468637E-02 W    0.10000E+01   0.25572E-03   0.29195E-03   0.00000E+00   0.00000E+00   0.20000E+02 
        49 0.0000000000E+00    0.6739997205E+02    0.8933360132E+02    0.3690654025E-02 W    0.10000E+01   0.18453E-03   0.21245E-03   0.00000E+00   0.00000E+00   0.20000E+02 
        58 0.0000000000E+00    0.1264126556E+04    0.6975705325E+03    0.9190446231E-02 W    0.10000E+01   0.79917E-03   0.59366E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        59 0.1571000000E+01    0.1274008556E+04    0.7330527220E+03    0.6998563916E-02 W    0.10000E+01   0.80229E-03   0.60857E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        66 0.0000000000E+00    0.6522329989E+03    0.1251206815E+04    0.1722130742E-01 CU   0.10000E+01   0.57404E-03   0.79507E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        67 TCL.5R5.B1      0.0000000000E+00    0.2319105757E+03    0.6992898423E+03    0.1026892572E-01 CU   0.10000E+01   0.34230E-03   0.59439E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        68 TCL.6R5.B1      0.0000000000E+00    0.1860113460E+02    0.2644579445E+03    0.2908268191E-02 W    0.10000E+01   0.96942E-04   0.36553E-03   0.00000E+00   0.00000E+00   0.30000E+02 
        71 TCDQA.A4R6.B    0.0000000000E+00    0.4655103778E+03    0.1621724854E+03    0.4655640072E-02 C    0.30000E+01   0.48496E-03   0.28624E-03   0.00000E+00   0.00000E+00   0.96000E+01 
        72 TCDQA.B4R6.B    0.0000000000E+00    0.4754665885E+03    0.1665694027E+03    0.4705163463E-02 C    0.30000E+01   0.49012E-03   0.29010E-03   0.00000E+00   0.00000E+00   0.96000E+01 
        73 TCDQA.C4R6.B    0.0000000000E+00    0.4855817218E+03    0.1711785052E+03    0.4754949176E-02 C    0.30000E+01   0.49531E-03   0.29408E-03   0.00000E+00   0.00000E+00   0.96000E+01 
        74 TCSG.4R6.B1     0.0000000000E+00    0.4969065289E+03    0.1765005618E+03    0.4559552542E-02 C    0.10000E+01   0.50105E-03   0.29862E-03   0.00000E+00   0.00000E+00   0.91000E+01 
        10 TCP.D6L7.B1     0.1571000000E+01    0.1588661727E+03    0.7826268735E+02    0.1093663096E-02 C    0.60000E+00   0.28331E-03   0.19885E-03   0.00000E+00   0.00000E+00   0.55000E+01 
        11 TCP.C6L7.B1     0.0000000000E+00    0.1505239804E+03    0.8276244235E+02    0.1516732586E-02 C    0.60000E+00   0.27577E-03   0.20448E-03   0.00000E+00   0.00000E+00   0.55000E+01 
        12 TCP.B6L7.B1     0.2215000000E+01    0.1424584979E+03    0.8748738252E+02    0.1280661927E-02 C    0.60000E+00   0.26828E-03   0.21024E-03   0.00000E+00   0.00000E+00   0.55000E+01 
        16 TCSG.A6L7.B1    0.2462660000E+01    0.3987155549E+02    0.2269212681E+03    0.1916832657E-02 C    0.10000E+01   0.14193E-03   0.33860E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        18 TCSG.B5L7.B1    0.2504550000E+01    0.1600139566E+03    0.1665130773E+03    0.2290924013E-02 C    0.10000E+01   0.28433E-03   0.29005E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        20 TCSG.A5L7.B1    0.7103500000E+00    0.1859930898E+03    0.1459293576E+03    0.2337335853E-02 C    0.10000E+01   0.30654E-03   0.27153E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        22 TCSG.D4L7.B1    0.1570800000E+01    0.3329599969E+03    0.6886049698E+02    0.1492170825E-02 C    0.10000E+01   0.41015E-03   0.18652E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        26 TCSG.B4L7.B1    0.0000000000E+00    0.1397578885E+03    0.1309954799E+03    0.2125796233E-02 C    0.10000E+01   0.26572E-03   0.25726E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        28 TCSG.A4L7.B1    0.2349210000E+01    0.1286710854E+03    0.1412953831E+03    0.2089850299E-02 C    0.10000E+01   0.25497E-03   0.26718E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        30 TCSG.A4R7.B1    0.8080900000E+00    0.1182810720E+03    0.1522203005E+03    0.2097180233E-02 C    0.10000E+01   0.24446E-03   0.27732E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        36 TCSG.B5R7.B1    0.2469640000E+01    0.1218533080E+03    0.2675805616E+03    0.2401271031E-02 C    0.10000E+01   0.24812E-03   0.36768E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        40 TCSG.D5R7.B1    0.8971000000E+00    0.2138851139E+03    0.1585529020E+03    0.2413113579E-02 C    0.10000E+01   0.32873E-03   0.28303E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        42 TCSG.E5R7.B1    0.2277650000E+01    0.2414086007E+03    0.1361173435E+03    0.2416041693E-02 C    0.10000E+01   0.34924E-03   0.26224E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        44 TCSG.6R7.B1     0.8730000000E-02    0.3357666960E+03    0.4735649826E+02    0.3294868308E-02 C    0.10000E+01   0.41187E-03   0.15468E-03   0.00000E+00   0.00000E+00   0.80000E+01 
        50 TCLA.A6R7.B1    0.1571000000E+01    0.2970758557E+03    0.4815513204E+02    0.1793753068E-02 W    0.10000E+01   0.38742E-03   0.15598E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        51 TCLA.B6R7.B1    0.0000000000E+00    0.1595043950E+03    0.7638770788E+02    0.3264582501E-02 W    0.10000E+01   0.28388E-03   0.19645E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        52 TCLA.C6R7.B1    0.1571000000E+01    0.6861723035E+02    0.1518870622E+03    0.3185676760E-02 W    0.10000E+01   0.18619E-03   0.27702E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        53 TCLA.D6R7.B1    0.0000000000E+00    0.6504935362E+02    0.1579157825E+03    0.2084792394E-02 W    0.10000E+01   0.18129E-03   0.28246E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        54 TCLA.A7R7.B1    0.0000000000E+00    0.6644045756E+02    0.1419058128E+03    0.2106966490E-02 W    0.10000E+01   0.18321E-03   0.26776E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        60 TCTH.4L8.B1     0.0000000000E+00    0.2331748021E+03    0.2842306572E+03    0.5148438725E-02 W    0.10000E+01   0.34323E-03   0.37895E-03   0.00000E+00   0.00000E+00   0.15000E+02 
        62 TCTVA.4L8.B1    0.1571000000E+01    0.2437331959E+03    0.2858216673E+03    0.5700097873E-02 W    0.10000E+01   0.35091E-03   0.38001E-03   0.00000E+00   0.00000E+00   0.15000E+02 
        55 TCTH.4L1.B1     0.0000000000E+00    0.1264126554E+04    0.6975705324E+03    0.9190446224E-02 W    0.10000E+01   0.79917E-03   0.59366E-03   0.00000E+00   0.00000E+00   0.11500E+02 
        56 TCTVA.4L1.B1    0.1571000000E+01    0.1274008554E+04    0.7330527219E+03    0.6998563915E-02 W    0.10000E+01   0.80229E-03   0.60857E-03   0.00000E+00   0.00000E+00   0.11500E+02 
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Phase advances  

• Fractional phase advances from MKD to TCTs in different optics: 

 

 

 

 

 

 

 

 

• Preferable: phase advance is >40 deg away from 90 or 270 deg 

• B2 IR5 most critical, since no cleaning insertion in between 

(deg) 7TeV nominal, 55 cm ATS 2015, 55cm 

Beam1 

TCTH.4L1.B1 56 124 

TCTH.4L2.B1 257 57 

TCTH.4L5.B1 47 40 

TCTH.4L8.B1 336 160 

Beam2 

TCTH.4R1.B2 198 106 

TCTH.4R2.B2 170 137 

TCTH.4R5.B2 176 77 

TCTH.4R8.B2 19 170 


