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Motivatio
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Quarkonium production has the potential to clarify (non- Color Singlet production

perturbative) hadron formation and other QCD features.

However, after decades of theoretical and experimental
research, quarkonium production remains a mystery.

Best theory candidate — NRQCD: effective field theory, treats
guakonia as non-relativistic systems (heavy mass).
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Detector Perfo

Muon coverage: emass resolutions (in MeV/c?):
— ATLAS/CMS: |n| < 2.4

— LHCh:2.0<n <45 - Jhy2pp %2 Jyy

High p; only accessible at ATLAS/CMS. | Hcb 12 ~15 (y — e€)
Precise tracking allows separation of 18.3 (non-converted)
decays displaced from the production CMS 20-71 9.6 (1 — ee)
vertex:

— Separation between prompt and non-  ATLAS 46-111 ~10 (y — ee)

prompt (b hadron decays) production.

- ATLAS/CMS LHCD

Triggers Challenging Not a problem

Resolution Better for y — ee (best in CMS) Better for dimuons/vertices

p1 -y coverage ly| < 2.4, access to very high p- Forward rapidity, low p;



Data taking and

e Collected data:

~ Similar integrated luminosity in 2010 [N ICIVIE MV BRI

— In 2011 LHCb already reached design

_ dy re 2010, 7 TeV 40 pbt 37 pbt
instantaneous luminosity (2x1032 cm-
25-1) 2011, 7 TeV ~5 fb?! ~1 fb?
— No luminosity leveling in CMS/ATLAS. 2012, 8 TeV ~20 fbt ~2 fbt

trigger paths
Jhy |
Wy
B, - pfwr
my
i low p_double muon
high P, double muon

—
=
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2011 Run, L= 1.1 fb"
CMS \s=7TeV

* Low p;dimuon triggers:
— “High-priority” in LHCb

— Must be kept at reasonable rates in
ATLAS/CMS. 10°

— In ATLAS/CMS, special triggers are
developed for different analysis.

Events per 10 MeV
—
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Analysis Str

The differential cross section:
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fg : the fraction of B decays,

from simultaneous fits to mass and
quarkonium lifetime (using vertex
information)
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Analysis S

Acceptance = from
simulation using
unpolarized production
as a default.

Maximum possible
variations are given
based on “extreme”
polarization scenarios.

Polarisation hypothesis FL;f-"aT1
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I(cosf) =

Jy direction

Jiy rest frame

(1+a-cos” )

2(a+3)

a=0: upolarized
a=+1: fully transverse polarization
a=-1: fully longitudinal polarization

Efficiency: ATLAS/CMS use
data-driven measurements of
the muon efficiency (“tag-and-
probe” method) on independent

trigger streams

LHCb determined the total
efficiency from simulation of

unpolarized sample.
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Prompt J/y cros

';I'[]s'_""lrl""l""l""l§
 The differential cross-section of = VT mmeooas ]
. 10 I Prompt NL D20y <455
prompt JAy in LHCb, CMS and S ., OIS
ATLAS(next slide) S 3
B[F U E
* Good agreement between of JLHCb
experiments and theory: - E
. 1 =
— the NLO NRQCD calculation here
. 1) TR I T TR TN T AN TR TN N N N N N N N |
refers to: | 107, 5 10 15 20
Yan-Qing Ma, Kai Wang, Kuang-Ta Chao, __ promptJ Aad corrected for acceptance _
Phys. Rev. D84 (2011) 114001 3%103;— “E'*% oM 13- EEELIIIEPEE:__
— LDMEs from CDF data, no global S | kg & wm —i2<m<102y
. o 102 E- '%’.bi wo —-—2_1<:;:<2.4Ex1: =
fit. E - é?-# %E'ué; T 1511 prompt NLO NRGCD
-D B . ad N
o 10¢ E
. . k=] F =
 In general largest uncertainties = ]
. ; = 1; _ECMS
from unknown polarizations R ;
(affecting detector acceptances) m10"; -
— The measurements of polarization o[ N
onf o 10 E Luminosity and polarization 3
at LHC will improve the F uncertainties not shown ]
uncertainty. 6 78910 20 30 4050
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Prompt J/y cro
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*Prompt J/y production cross-section as a function of J/y transverse
momentum in the four rapidity bins.

Comparison with NLO and NNLO* Color Singlet calculations, and the
Color Evaporation Model.
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Prompt y(2S) cr

The differential cross-section of

et L ' ' .ch
. > y, N1 O NRQCD
prompt y(2S) in LHCb and CMS & T ks }
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b-_.- - - i —+ Prompt y(28) 1
. 8l 10 i 1
Good agreement with NLO NRQCD 5 :
calculations. In LHCb plot: F
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Yan-Qing Ma, Kai Wang, Kuang-Ta Chao, F Vs =7TeV
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Non-prompt J/y ¢
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The differential cross-section of non-prompt J/y
in LHCb, CMS and ATLAS(next slide).

— Good agreement with prediction of bb
production cross-section in FONLL approach:

M.Cacciari et al. JHEP 0103 (2001) 006

Fraction of non-prompt as a function of p; in
CDF, CMS and ATLAS.

— Seems to be energy independent. | 10°
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Non-prompt J/y
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*Non-prompt J/y production cross-section as a function of J/y p-.
sComparison with bb production cross-section in FONLL approach.
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Non-prompt y(2S)

 The differential cross-section of 3 . :
non-prompt y(2S) in LHCb and § FONLL E
CMS “E_ 10 k- '-‘-"_._. —— y(28) from b
ola"
« Good agreement with prediction 1
of bb production cross-section in 101 LHCb
FONLL approach. Ns=17TeV
' 1u-2ﬂ....é....1lﬂllll1lﬁ
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v(2S)-2>Jyr*m production

Entries / 4 MeV
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o(y(23))/ of

The y(2S) to Jhy differential B T R e ] B ST e A e

cross-section ratio for prompt = =% S E o et

: 0.07F e 4 Toorf i<24 3

and non-prompt production. : CMS, . :

— No significant dependence of ™% 3 :

R on rapidity is observed. 005 005 e

— NRQCD prediction for prompt. % H boaf E

— FONLL approach for non- "R E I *non-promt
prompt. 0028-95-15" T R N TS R

sprompt P, (GeVic)

Measurement of inclusive B>y (2S)+X
branching ratio : T "
CMS: 002 _:;-l-“l-‘[‘
B(B — ¥(29)X) = (3.08 £ 0.12 (stat.+syst.) & 0.13 (theor.) = 0.42 (Bppg)) x 1073, = -
0.42(Bppg): sum of the B(b-2>J/yX), B(J/ly>p*u7) and B(y(2S)> pru’) unggﬂainties. (b)
LHCDb: 0.04f —I—'++'+'++'_'_
. R
B(b— 1(29)X) = (2.73 + 0.06 (stat) + 0.16 (syst) +0.24 (BF)) x 1072,  o0.02f4

0.24(BF): sum of the B(b>J/yX), B(J/y>p*u-) and B(y(2S)>e*e”) uncertairkties., . . LI._ICb .
0 2 4 6 g8 10 1(2G w1}4 17
p, (GeVic




P-wave st

X{‘1
CMS Experiment at LHC, CERN L —
%’3‘;&‘3‘2%??2;%2; Ts0sa6TE oot : § 400_ CMS
OtbiyCrossing: 8045444 / 2047 et :IEJ 350 C | PP, Ns =7 TeV
- _ -1
% 3002_ L=4.6fb
§ 250; 11 GeV/e < p_(J/y)
u ~ 13 GeV/c >p_(I/y)
200 - Xc2
150
100 * Xco
50F HA
C ]
0 ¥ | \ I h
| 3.2 3.4 3.6 3.8
My = My + My, [GeV/c?]
x10°
2'05 ATLAS | 10 < p <30 Gev
. 1.8 - 1s=7TeV |ny“’| <075
« Excellent resolution (~10 MeV/c?) for 16F Lt a5’ ¢ oaa
. 1.4 — Fit
converted photons in CMS and ATLAS o - s

TLAS

— ., and y., peaks resolved. 10 —
0.8 - Prompt Signal Xea

0.6 == Non-prompt Signal Xy

0.4
0.2
0.0

— Small bump for %4, but not measured.
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X1 c2 Producti

CcMs

So0.9F c
r pp,\Ns =7 TeV
O.Bfm L=46fb"
o7 e
0.6/

0.5F *

0.41 e
0.3F
Eoe o

0.2( oly,,) B, =y 1) Iy(hp) <1.0
o VBly —=dJin ) pT(y) >0.5 GeVlc
Unpolarized

CMS
pp,Ns =7 TeV

L=4.6fb"

—k; factorization

\

Extreme
polarization

EPJC 72 (2012) 2251

0.1 = Olx,) Ble, — JApy)

ey |

1520 25

—— NRQCD cMS

----------- NRQCD uncertainty  pp,\Vs =7 TeV
- (mX ’mx ) = (030) L=46 fb-1

F (m;',m

cl

) = (x1,£2)

2
XCZ

ly(Ap)l <1.0, p_(y) >0

Unpolarized
PRI T T T T R R R N R B R B
10 15 20 25
pT(Jhp)[GeV/c]

0.2 Iy(Ap)l <1.0, p (1) > 0.5 GeV
0.1F (m m, )=(00)
E T B Lo {51 | 22 T B R TR |
0.0 10 15 20 25
p-(Ap)[GeVic]

Compatible with NRQCD, not

with k; factorization.

Compatible with ATLAS (next
slide).
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Xc1 c2 Productio
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X1 c2 Productio

e LHCb measured yx. production b L o
. (o] C — | HCh 36 pb
using the x.~> J/y y channel e
with both converted and non- %’0_43

converted photons: 3N\ ,
e  o(y.)o(J) clearly favors NRQCD 02f ,'};::'-'.,,A';?r""f-”f’-""‘- 7
(Xc)/o(Iy) y Q / l:f'-’??%zf// Z

(%,
y
A\
A\
§
L
3

over simple LO Color Singlet Model 01F LHCDb
(ChiCGen in the plots) F
 The o(y.,)/o(y.,) also agrees with the p¥¥ [GeVic]
. - T
predicted behaviour \ ~ 2
Kal C LHCb Preliminary = LHCD (2011)
E 1.8 _ —i— LHCD (2010)
. . ‘;;s- :_ws=?TeV L= 370 pb" gEtieen
g ﬁ_ﬂu:_l__HCb Wlth i LHCh F'reliminar:.r B 1'55 ] NLO NRQCD
2 “ronverted y — ef NS=7TeV L=370pb" E LHCDb
11 = 12
M~ - 1+ ]
1| = = ;-
W = 0.8 . fo E
2 300 0.6F- b wnriﬂnn N
:lc.'r znnf— ------- 0'42_ )% 7
= 0.2~ ’
100 — -
— 07 | ‘ | | | | 1 1 1 | 1 1 1 | | | | ‘ 1 1 1 | 1
2 4 6 8 10 12 14
p(Jhy) [GeVic]

2 o : T 45 05 08 0s om0
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Charmonium pol

» Polarization is measured through the average angular decay distribution:

W (cos 1, p|5:] = 3’){(4?0 (14 Ay cos® 1 + A, sin? 9 cos 2 + Ay, sin 20 cos )

(3+ Ag)
O: pOIar angle Quarkonium A ZF Quantization axis z
¢: azimuthal angle restframe | 0 T
+ PX ! / HX
o> Ay» Ao, @re the polarization  production W
plane 5
parameters. / \
x~’//¢< :
particle
/ fr;::e

« CMS measured A, A, Aq, and
the frame invariant parameter 1

_ Ao+ 3A,
1=
1-2,

*Center-of-mass helicity axis (HX): Z,x =
direction of quarkonium momentum.

Collins-Soper axis (CS) : Z-g = direction of
relative velocity of colliding particles.

Perpendicular helicity (PX) : Zpy L Zcs 22



Prompt J/y and w(2S) pol

CMS pp (5=7TeV L=d9fb’ o Zﬁi IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e
5L - oPX L CMS HX frame ;
t | JF } b -
R S S N TR TR S -
| _Tot. ulncert. alt 68.3% (.:L IJhp Iy!<0.6 . }p(zs) |¥|<o.s .- -0.5}. IIIIIIIIIIIIIIIIIIIIIIIIIIIII i
20 30 40 50 60 b 7'[(()3 oV] 20 30 40 50 D.E__' ' P|; I’E =I?Te1.i'l |_=4Ig th -----------
Good agreement between the 4 et _#*ﬁﬁft(?ﬁﬂ‘gﬁ’
parameters in the three reference O wncert. ot €8.3% CL w | o2 |
frames shows that the results are e ottt
consistent. I % |
y(2S) is not affected by feed-down Aoy ﬂ—f’f“ﬁ##fﬁqdﬁqﬁﬁ}
decays from higher states. 0ol e | 1
No sign of strong polarization. e
pt [GeV pt [GeV]

PLB 727 (2013) 381
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Comparison to NRQC

. . L HCB-PAPER-2013-067
« Calculations use a global fit of color octet B o
. i ) 0.8 s ==
matrix elements to photo- as well as hadro 0.6 B0 NROCD() \\\\Xx E
4 E_BNLO NRQCD(3) e
production data, excluding polarization 04EDu 0 ol ® L
results. 02F = I £
0F | 000 50 s _‘:'
* NLO NRQCD calculations fail to describe 02f t ——
CMS results. ol = E
o _ _ 06 25<y<40 T E
« Theory predictions didn’t consider feed-down o8¢ E
decays in J/y, while y(2S) result can be o 5 10 15
. p.(Jy) [GeV/c]
directly compared to theory. T
1 ppNs=7Tev | 1 ppVs=7Tev
1.55 HX frame JAp 1-55 HX frame v(2S)
1 Iyl -:0_.6_" R — 1] lyl<0.6 S
n.s—: ’ | _ -
] +-
Ag oln ++++++ -------------------- $
-D.E—E -
A A PLB 727 (2013) 381
]l —e— CMS,L=491" total uncert. 68.3% CL 1 —s— CMS, L=49fb", total uncert. 68.3% CL
_1_5_: - NI__D NRQCD, B. Kniehl et al, MPLA2S (2013), 1350027 and 1_5__ - I"ll__CJI NRQCD, B. Kniehl et al, MPLA2S (2013), 1350027 and
. private comm. 1 private comm. 24
40 20 30 40 50 60 70 "0 15 20 25 30 @5 40 45 50

P; [GeV] P; [GeV]



Comparison between L

All LHC results are compatible with each other.

1 ppNs=7TeV
0.8 1 HXframe
0.64 JA l
0.4 | T
0.2—
hg - g;
Ot 1"1 1t
-0.2— —e— CMS, lyl <0.6
7 —=— CMS,06<lyl<1.2
-0.4— —e— LHCbh,2.0<y<25
] —+— LHCb,25<y<3.0
-0.6— —~— LHCb, 3.0<y<35
] —+— LHCb,35<y<4.0
-0.8— EPJC 73 (2013), 11 —~— LHCb,4.0<y<45
1 PRL 108 (2012), 082001 —=— ALICE,25<y<4.0
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T |
0 10 20 30 40 50 60 70

p, [GeVI
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Double Parton

Double parton scattering (double chain
process)

e X-section for two processes:

_ Oy
Opps =0y -
Geff

* In terms of probabilities:
P(XAY)=P(X)xP(Y | X)

 No correlation: O = Oy
e Previous measurement of o~ 15mb.

Special J/y+muon HLT trigger was developed
for this study in CMS.

* Pile-up and non-prompt events have to be
considered as background.

- Single chain

NG T process

double chain
process

26




Double J/hy produ

3 LHCb
- 25 V5=TTeV
LE
15

=]
_h [a—
IIII|II‘II|IIII|IIII|IIII|IIII

TN,

LHCb-CONF-2011- 009

C\O

M Jpp [GeV /e

o 4-D likelihood fit: My Mapg2> Tangts Tang2

« LHCb measurement of double J/y
production:

oV/VIV —514+10+1.1nb

« The difference between two J/y's rapidity
has more discrimination power.

ANy [GeV')

BRZ (1 y—u' 1) - & [pb]

300 -z
(preliminary) LHCL data ——+—
DPS+5PS oo
250 | DP§ — -
R showertintrinsic SPS —-——--
L"'""E shower only SPS ---—-
200 - i parton level SPS -—-------
TTeVLHChH, 2.0 = yiJiy) =43
10 MSTW 2008 NLO. p2=m), 57|
TIL=352pb"
100 |r
30 | |
0 1 1 |Ln- 1 _!"_-:“" --'"! L S
T 8 9 10 11 12 13 14 15
10 ¢ arxiv:1110.1
DPS —— |
shower+intrinsic SPS  ==s===-=- ]
shower only SPS ~ -~ |
10? parton level SPS -
e,
107
107 ¢
b TTeVLHCh, 20 -=:1-|{_ui}.:;4_j "‘H
[ MSTW 2008 NLO, pf=mi,,+pr N
10-3 1 1 1 L ‘L'l:'._ |
0 0.5 1 1.3 2

AV )i

|74
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Double J/y prod

10°

Events / 0.005 cm
2

10

10

CMS Preliminary Vs=7 TeV,J‘L =4.7 "

—+— Data

—— All components

i T Signal

[, === Non-prompt

Fa NG e Any combinatorial
----- Pure combinatorial

504500002 0.0 .06 "”'01.53'%'( 'o;.1
v ctxy cm
mL
f“/'/ M-
* I
m
T, =—— fxv
| Py |

J200
- F CMS Preliminary
g180- - ; CMS-PAS-BPH-
2160_— \'s =7TeV,J‘L =4.7fb
w - -
c —+— Data 11 021
140—
r —— All components
120:— ----- Signal
E === Non-prompt
100:_ = Any combinatorial
80 :_. ----- Pure combinatorial
604
40HF
; + 4
20— ey b gaan anli -t '_f_
D:t‘;‘h'."'—‘l'.'.-,- |Fi-|..|"|'-:|."1"|"|"-|-'uhuu--l-~|---J-l-z-L-u-u-u1"|'J‘J‘-'J:'-1"-
0 1 2 3 4 5 6 7 8

JIy Distance Significance

: | vied
u [

\Q' A Signal 446 + 23
I/ o U Non-prompt 182+ 18
*- Total Combinatorial 415 + 32

d’" =N /o,

Distance significance cut on <8. Remove most of the pile-up events.
 4-D likelihood fit: my,,;, My 5, 54,1, distance significance.

Efficiency from data-driven method.
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Double J/wy Prod

L HCb and CMS have very
different acceptance

region.

Single J/w Acceptance Regime

5.1 %104y £ 1.5 ND

Theory - Ggpg: ~ 4 nb
Gpps:~2nb

Theory - Ggps ™ 1 nb

10 15 20 25 30

pr [GeV/cl

S L cuspreiminay | 8 250 S ST  iminary ]
% \|§=TT<?V,JL=4.be'1 ; i domlnated \E=TTe:V,.[L=4‘be'1 ]
S + wrmcr g | 2 o / o reeepance Regon:
B N pT>B-5 GeVlc for lyl<1.2 7 B : pT>E.5 GeVc for |y|<1.2 :
S T escaem ez 1 O | s oo r 1y
3 I CMS-PAS-BPH} E
© L i
s | 11-021 | : + 1
. T DPS ?2?
102 = ]
L T _ 0_5; ]
i ! ) L+ l 1
L i I
L ol b b P b Py d 0|||||H\||—|—|—f_|—|—|—v—v—v—‘—¢—v—v—v—l—|||||||||}\\\lllll_
0 10 20 30 40 50 60 70 80 0 05 1 156 2 25 3 35 4
M,, (GeV/c?) | Ay | between J/y
e CMS measured the differential cross-section of
prompt double J/y as functions of two J/y invariant
mass and absolute rapidity difference.
« The total cross section assuming unpolarized

prompt double production:

0=1.49%0.07,, +0.014, nb

Evidence of excess at |Ay|>2.6 which is predicted to
have large Double Parton Scattering contribution.29



W + prompt J/\y associated product

50 CATLAS\s-7TeV,[Ldt-45f'
[ - Data ] I

= JHEP 04 (2014) 172 W + prompt J/y candidate
40:_ " w : gro?'lr-npl::':)fr?;: gg‘r?lfi;:gtsorics ~

Muons from-JAp

Events / 0.04 GeV

20}

SUATLAS

A EXPERIMENT

10F

-
-
>
o T e LI L
(o] L L st AR

] Imnﬁ i
2.6 2.8 3 3.2 3.4

T

p ' Invariant Mass [GeV]

First observation with 4.5 fb-1 at 7 TeV.

Yield of 27.4°(; events. Significance>5c.

Important test to distinguish between Color
Singlet and Color Octet QCD predictions
for quarkonium production.

The production rate as a ratio to the
iInclusive W rate is measured, and the DPS
contribution to the cross section is
estimated.
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W + prompt J/\y associated

w 20— 3x10'5
o B i > i
. " ATLASAs=7 TeV,IL dt = 4.5 fio’ 5 - Pp— prompt J/w + W : pp— W
= L oW + prompt Jiy data é— %2 50 ATLAS, \5 =7 TeV, jL ft = 4.5 fiy' B
o 15— | Estimated DPS contribution — = - O<ly, |<21,85<p ,, <30GeV
L ~ [Z1DPS uncertainty '8 - —# Data
= [ wE Spin-ali t rtainty n
JHEP 04 (2014) 172 ] AE 2 Sy
1 U = | le] r Hl MNLO CO prediction
i i . - A Dd H
K = 1.5- NN ]
= - y
- . - ’T‘ L 33 3
5 - > 1 - —
- | 3 |
D oc B
I o o 5—f— 3

0
0 05 1 - 5 2 25 3 O Fiducial  Inclusive DPS subtracted
AQ(W,J/y) E pp— prompt .J.-’tprJ +W: ppf w i
« Both DPS and SPS in data. =R o E
Sl ¢ S Coirad DrS combun ]
« Ratio to the inclusive W production rate: ils & 777/ 5P ncertainty .
T[T E
Reg(W) = (Slilgstat.i‘q'syst.)xlo-g o s §
Rina(P) = (126439, 9, , " ,5)x108 e Sl |
Rops o) = (78432, £22,,, "1 1 )x10° : |
. . . : > ] G
e Third error is due to the J/y spin alignment. > 1O %{4////{,5/%’///,%
o

. . 10 15 30
« Data suggest that SPS is the dominant at iy Transverse Momentum [GeV3 7

low J/y pr.



lp f/

w\‘;\\

Pixel
. Luminosity
Telescope

N
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PLT Over

Pixel luminosity Telescope
« Dedicated stand-alone luminosity monitor for CMS

« High precision bunch-by-bunch luminosity
— ~1% uncertainty on relative bunch luminosity for 1034/cm?/s

» Array of 3-plane telescopes each end of CMS
« Single-crystal diamond pixel sensors
« Measure bunch-by-bunch 3-fold coincidence rate

» Pixel readout for tracking and diagnostics..
— Will allow online beamspot measurement.




PLT Desi

« From simulation expect
— 0.005 tracks per pp collision per telescope

e For 1034 cm-—2st
— 1.6 tracks in PLT per bunch crossing
— or >18000 tracks for each of 2835 filled bunches

=) 1% Statistical precision on relative bunch luminosity in
< 1 second.

« Additionally, pixel tracking will allow online beamspot
measurement.
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Why Diam

Band gap [eV] 1.12 545 <— Low lleakage, shot noise
Electron mobility [cm?/Vs] 1450 2200
Hole mobility [cm?/Vs] 500 1600 % Faster signal
Saturation velocity [cm/s] 0.8*107 2*107
Breakdown field [V/m] 3*105 2.2*107
Resistivity [Q2cm] 2*105 >1013 / Low capacitance, noise
Dielectric constant 11.9 5.7
_ e High radiation hardness
Displacement energy [eV] 13-20 43
e-h creation energy [eV] 3.6 13 - Small signal
Ave e-h pairs per MIP per um 89 366 <
: : / Full in sCVD, no
Charge collection distance [um] Full ~250 < |pcalized hot spots
Thermal conductivity [W/cm*K] 1.5 22 35

<— No need for cooling



Poly vs. Single crystal Di

Suitable for large scale production 1 cm2 largest so far
Less expensive than single crystal Full charge collection
Stable flux measurement Charge distribution narrower than poly
Might be less radiation hard Excellent signal seperation
Poly crystal ST Single crystal

140 |

120 | C
100 |
g |- Si peak 2

80 |

40 [

D _I 11 1 I 1 11 I I 11 I Dol I | I I | I A1 I 1 : alrle I | I - I—l- |-l-l“--'1_r|J. 1 I 11 1 | I 11 1 | I 11

0 0 1000 15000 23000 25000 30020 350 h 200 1000C 15000 23000 25040 300G0 3350400

Pedestal events Pulse height distribution




PLT Har

» Telescope

— Made from 3 Hybrid boards (diamond
detectors)

PLT Hybrid board

« (Cassette
— Self-contained quarter-detector

 Opto-board
— Control and readout of full cassette

PLT Cassette

DOH Pixel AOH  FastOr AOH

37




Readout

CMS Pixel chip (PSI46) bump-bonded to biamond 52 x 80 pixels

sensor
sCVD 150 uwm x 100 um

Has fast cluster counting in double-columns
built in

Individual pixel thresholds adjustable 8 mm

Individual pixels can be masked

active area

Self-triggered by Fast Or readout -
Full analog readout of

* Hit address

®* Charge deposit
Standard pixel readout (FEC, FED [ADC])

FED has custom firmware for Fast Or

Bump bonded at Princeton micro-fab lab



Clock Synchronized 'h'

Gata

Sintillator 1 Test Board
Logic
Triggs = Telescope
E— ‘H brid
L Fast-Or HDI | :'E::
VME Analog Fast-Ur é [—]
é% Hyhbrid
, = Y ROC
Analog Fast-Oh "j"‘;‘ﬂ‘
o} ———pp{|Eridge| FED cmi‘: — 4
Hybrid
Analpg Fast-Urn _ﬂ‘ "‘L BOC
h 4 TTC Gi _ @‘ r_
Pixal Data
ﬁﬂh FEC q Clock + Trigger « Command Data h 1

eSimilar to CMS pixel DAQ
system:
*FED: pixel Front End Drivers
*FEC: Front End Controller

«TTCci: Timing Trigger and Control
Interface




e

TrackingEfficiencyMap_Ch23_ROCH

Several successful testbeams in 2009-
2013:

— CERN PS, SPS and Zurich PSI.

Measure charge collection, study
tracking, test DAQ.

Uniform hit efficiencies.

1
Occupancy Ch23,ROC2

75

: o |

T0 i :

- [ Pulse Height:

65 g 8000 - One pixel clusters
2 oob s Two pixel clusters
g F 5 6000 .
® z - >= 3 pixel clusters

S 150 2 w000 | All pixel clusters (sum)

50 [

C 2000 -

45—

4u_l L1 1 1 L1 1 1 L1 1 1 L1 1 1 11 0-

nmnlmzm]mmu:m:lgoomm 40




PLT pilot In

2012 pilot installation:

— In January 2012, we installed 4 diamond telescopes
and one with silicon on the +Z castor table in CMS

(14.5m from collision point).
— Check out of full PLT system.

— Determine if there is any aging of sensors or
electronics with radiation

15 “ i
L

|

Pilot run 'I_\Inminal
location location
14.5m 1.75m

n=64 n=4.23



PLT pilot inst

Si pixel telescope

4 diamond pixel telescopes

Temperature " i
measurement P — — " Wb g e




Pilot Run Radiation

Final region Castor region
10408 SR U L W Gl BCM2 inner, charged particles and neutrons
e+ T T T -
g 1e+08 T T T
BB%I\I:III11IL4-.§ gng:g:g — . BCM2i +Z charged + |
1e407 | BCM1L +Z Neutrons ] 1es07 | INNET L e
BCM1L -Z Neutrons RCM2i -Z Neutrons
1e+06 | .
: — 1e+06 | A
100000 | e ﬂﬁ%%ﬁﬁftﬁﬁﬁfﬁ%ﬁ :m rﬁi&ﬁ;ﬁg 1 "
gﬂm e ﬁ | F £ 100000 mﬁ R " f’iﬁ
10000 | g i Iff l "gl 10000 | 3 %E%I_'
tilig er'% e £ 7
1000 | EF] ﬁ;ﬁ | W 1000 | |
\_f‘ lbf I 1) ]
100 - 7 100 |
10 n 1?1 1 I 1 i 1 1 ] 10 T | 1 | 1 1
1e-08  1e-06  0.0001 0.0 1 100 €08  1e-06  0.0001  0.01 1 100
Energy [GeV] Energy [GeV]
e Order of magnitude more neutrons
peaked at about 200 keV

Radiation environment in pilot
location is more severe than in

® Large number of e*e” from showering in beam pipe

peaked at about 20 MeV

the final installation location.

® About 5 times fewer particles form IP




First tracks and measure

Elrst Tracks seen with the PLT from LHC Luminosity: PLT raw vs HF uncorrected
eam (within 1%)

Data_Histograms_20121205.053044 GraphsFilled.root
«10°

Silicon

—_
[p]
=]

lurmi [arbitrary units]
-
ey
=

120

100

BO
PLT data taken over 219 minutes
60 HF lurmi {uncorrectad)
Ch24 lumi, corrected by [HF fit / PLT fit)
4O|||||||||||||||||||||||||||||
0 2000 4000 6000 8OO0 10000 12000 14000

timestamp (s}




LHC Bunch structure a

“Histograms” of 3-fold
coincidences allow us to
measure the luminosity In
each 25ns LHC bucket.

Sum “total” used to
visualize instantaneous
luminosity.

Installed one silicon
telescope (without
cooling).

‘8086

rrEtit 4-.--- AR RRRREE .|I!illll

\_ HistByChannel_ChO

%I i

i

i ﬂlz

f%ﬂ L

o
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VdM Scan - Lu

= % * % 3 & B

nea
P y0 v :
— - - ) ' o T — . - Ey o
= Ly = - * A o an = L . - o
e Ek4 .-*.;x LS : . .y e -t hir — - Jiowen
— w . B : ER P ‘e ¥ ., P
. i ) + =3 <y -
----- : N ’ - * P ] .-
— 4w - .
= R £ R £ PN 2
— -+ i a " I . P [
— > % b K 2 b ~ E AR
— : - - 2 = . = v & A O
— F. % . T . f . = y
— P S PR A - Tt o F i N \ — LTS S N
T . T KAl

eBeams are “scanned” across each otherin X and in 'Y
*\We measure the rate as a function of beam separation
For us this is “counts” in our “fast-or” (3-fold coincidence) histograms

- 7 See detector effects
50000— /
40000 ; %é“ Ly
- ¢y - #
B - |
30000(— o E
- : &
20000 .
mmf_ oty o Fit of “counts” vs beam separation
- S give us the luminosity calibration.
0 14|.5 _1J§f ' :;? — 1|5 ' Ruml.s ' o
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Testing remove

« 3 diamonds were removed from pilot installation after 7.5 fb of LHC
collisions, and tested at PS test beam.

« Study the charge collection, study tracking and efficiency.

*Charge collection at 300V

Clusters after correction

5.49 X10°
L = all
4.39— -1 pixel
- -2 pixels
B -3 pixels
@ 3.3
& [
3 L
22—
11
0_ T T R IR T X103
0 10 20 30 40 50

electrons

2.4

- 1.92

Charge collection at 1020V

03

Clusters after correction

III\|IIII|\III|II\I|II\IX

10I 1 1

20 30

electrons

*Higher voltage dramatically increases charge collection.

—=all

-1 pixel
-2 pixels
-3 pixels
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Results from May P

Diamonds before exposure

Low flux
10 kHz

High flux
2 MHz

Diamond 5105 Diamond s106

00
—in
s F — 1 Pive r
o —2 Pixal L
C —:3 Pleel
2500 | i
2000 C
1500 |- -
1000 - B
500 L
o :| _,-II o 11:'}"‘“'-_ o _L _r'J_ — Y
1] 20000 40000 ] R0 40000
Electrons Electrons

Full charge collection at MHz rates

Diamond s80
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Results from Ma

Diamonds in CASTOR for 20 fb-!

Low flux: 10 kHz Med flux: 300 kHz High flux: 2 MHz
: — 3 Pixel —:3Pinel m:_ — 3 Pinel
4000 | -
mf Im:—
mf 1m;
munE 5000 -
’ R mmm ‘gln::mru.

sLow charge collection even at low flux.
*Decrease in charge collection with increasing flux.

«Consistent with what was observed during operation in pilot run.
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PLT Sum

Successfully built a full detector system.
Promising results from testbeams.

Installation of PLT for pilot run in CMS:
— monitor and investigate the degradation in charge collection.

Full installation in the long shutdown.

Thank youl!
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Backup
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Charmonium prod

e CMS

— Jhy — pp (0.3 pbt and update to 37 pbt) Eur. Phys. J. C71 (2011) 1575
JHEP 1202 (2012) 11
CMS DPS -2011/011

Y(2S) — pp (37 pb™?)
1.2 Jyy(1.1fb1)

e ATLAS

— Jy — pp (2.2 pb-1)

X2 Jyy 39pb™t)

e LHCDb
I — pp (5.2 pb) Eur. Phys. J. C71 (2011) 1645

y(2S) — pp and — JAy e (36 pb1)
X1 Cross-section ratio (36 pb)
Y. 10 J/y cross-section ratio (36 pb?)

— Y12 Cross-section ratio (370 pb)

Nucl. Phys. B850 (2011) 387
ATLAS-CONF-2011-136

arXiv:1204.1258
arxXiv:1202.1080v1
arxXiv:1204.1462
LHCb-CONF-2011-062
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Muon chambers Solenold magnet | Transifion radiation fracker
Semiconductor racker
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Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition

Radiation
Tracking Tracker

detector

Pixel/lSCT  ~

The dashed tracks
are invisible to
the detector

X

CoATI AC

BRI TR,

% EVDEDIMEMT

http://atlas.ch




TRACKER
CRYSTAL ECAL  ¢oea) weight . 12500 T
Overall diameter : 150 m
Overall length : 215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

FORWARD
CALORIMETER

HCAL
MUON CHAMBERS
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ATLAS Dimu

Entries / 50 MeV

10°

10°

10°

10°

Trigger
EF_2mud Dikiu
P EF_z2mudJpeimumu
- ElF-_Zmud_Lipainusmo
B EF_mudmud_Jps mum
YiZo)  EEE B _medmos_Bmumu
B EF_rudmod Lpsimumu
—— EF imu2d

T
=
=

Y{1S)

ATLAS Preliminary =
Y(38) -

Y (25}
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ATLAS 2

Di-muon Candidates / (0.01 GeV)

300

250

200

150

100

50

x10°

[ I ! | I 1 I ! | L I I | 1 I I ] I I | L] I I | ! 1 L]

-~ ATLAS Preliminary e Data 2011
\s=7TeV — Signal Fit ‘

J. Ldt=024f0 e e Background Fit
N,,, = (2.208 + 0.002) x 10
m,,,= 3.094 + 0.003 GeV
o, =60+1MeV

[[l[1II1|II11[IIIIIII]I]I

3.4

36

3.8 4
m,, [GeV]
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Motivatio

Long history cross-section/polarization
measurements and theoretical calculations,
still not so satisfactory:

— cross section results support NRQCD COM ?525{5@% J/
— disagreement in polarization measurement Dxcﬂ'———%

TOV—F

Color Singlet production

Heavy quarkonia are an excellent Iaboratory perturbative’” non-perturbative
for understanding QCD: >

— non-relativistic due to the high mass

— non-perturbative effects can be simplified Color Octet production

and constrained

harder g's
In the last decade, significant progress for £54 2 ¥

i Wi B0 o JAp
production mechanisms: . .‘

— new experimental results perturbative! non-perturbative
— Improved theoretical descriptions — 5



P-wave sta

Ratios of o(x.,)/c(x.,) and o(y.)/o(I/y) are important for
theoretical model builders.

x.2 J/y ychannel is a challenge to reconstruct low p+
photons.

Good mass resolution to resolve the small mass difference
between ., and y...

Photon reconstructed by
— CMS/ATLAS: converted e*e pair
— LHCb: converted e*e pair + ECAL
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CMS

4 Vander Meerscan __|UII}

; f—___"‘f-—f
* Assuming factorizable gaussian for the beam density function
(not too bad as approximation)
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* The resulting “effective area” is then just:
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