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© Hidden flavour production at ATLAS
@ physics motivation
@ experimental environment and techniques

© T (nS) production cross-sections at 7 TeV

© Search for a X, — 77~ T signal
@ summary of the analysis
@ results as a function of mass
@ interpretation and plans

Q v(2S) - ntn—J/4 at TTeV
e Xc1 and x¢2 production at 7 TeV
© Summary

@ lots in the backup: ask me a question!
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Hidden flavour production

from CHARM 2013 / Manchester:
"
Overview: Three J/y Production Works

ete-yleld: vp yield: pp yleld: CDF polariz.:

Butenschdn, Kniehl:

00497 Gev?

00451 = 00022 Gev®

Chao, Ma, Shao, K. Wang,
Y.~J. Zhang:

00

0003 Gev?*
OJ"(R) =00126 GoV®
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Hidden flavour production

from CHARM 2013 / Manchester:
" JEE
Summary

m 40 years after J/y discovery:
Still no successful description of charmonium production!
= Traditional color singlet model:
Can successfully describe only e*e~ data
Theoretically incomplete due to uncancelled IR divergences
»  NRQCD factorization based on solid effective field theory approach, but
Factorization theorem not yet proven (IR safe to all orders?)

Current NLO analyses in combination with recent polarization measurements
cast doubt on LDME universality.

m  Possible ways out:
NRQCD factorization may not hold in all kinematic regions / for all observables
Resummation of large logrithms p,2/m? (large p;resummation)
Apply krdependent PDFs.

M. Butenschon Theory of Charmonium Production 21/21
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Hidden flavour at ATLAS: experimental environment

high production rates for signal and background, in a detector
optimized for high-pt discovery physics at /s = 14 TeV

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets ~ Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker
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Hidden flavour at ATLAS: experimental techniques

o rate limited by trigger bandwidth, especially at Level 1 (hardware)
@ B-physics & onia: high-pr 1, M(up)-restricted-dimuon, ... triggers
@ increasing £L — higher-pr triggers, prescaling, ...
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Hidden flavour at ATLAS: experimental techniques

o rate limited by trigger bandwidth, especially at Level 1 (hardware)
@ B-physics & onia: high-pr 1, M(up)-restricted-dimuon, ... triggers
@ increasing £L — higher-pr triggers, prescaling, ...
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1
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[ ATLAS 1.2<ly" <225 1

@ resolution differs at high |y|
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1

. . . 3

@ resolution differs at high |y| - S
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. 8 I P Background 7
@ weighted event-by-event for ¢; = [T Jra=18m M 1
fits in pr bins: e.g. [20.0,21.0] % 2- D v(es) 4
w F Iy"1<1.20 4

L 20.0= p:“ <21.0GeV |

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 6 /32



T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1

@ resolution differs at high |y|
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; largely un-prescaled, 1.8 b1

@ resolution differs at high |y| S ‘ 3
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T (nS) production cross-sections

dimuon trigger: pr > 4GeV, |n#| < 2.3; Iargely un-prescaled, 1.8fb~!
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Search for a X, — wt7~ T signal

@ hidden-beauty analogue of X(3872) — n ™ J/%

e 16.2fh 1!

of /s =8TeV data; 2 x (pr > 4 GeV muon) trigger

e fit in 2 x 2 x 2 bins of (|y|, pr, cos8*) to discriminate vs bkgd

kinematiCS' ATLAS/CMS
T(nS) 4 Tydpy Validated on
34300 + 800 'T'(2S) signal

T(3S): model for X}, search

significance z = 8.7,
most sensitive bin z = 6.5 —

X2/ ndor = 1.0 for simultaneous fit

NIt = 11600 + 1300

N’“d (6B)ss-L-A-€
= 11400 4+ 1500

Bruce Yabsley (ATLAS / Sydney)

Candidates / 8 MeV

Charmonium production at ATLAS
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Search for a X, — wt7~ T signal

o pr > 20GeV, cosf* > 0 (most sensitive bin):
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Search for a X, — wt7~ T signal

@ pr >20GeV, cosf* < 0 (top-left bin):

BARREL ENDCAP
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Search for a X, — wt7~ T signal

o pr <20GeV, cosf* > 0 (bottom-right bin):
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Search for a X, — wt7~ T signal

o pr <20GeV, cosf* < 0 (least sentitive bin):

BARREL ENDCAP
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Xp — 7wT7~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s
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Xy, — wtw~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV

@ simultaneous fit to the

8 (lyl, pr, cos6*) bins, for R = oB/(cB)2s

10° 10"
> e > e > pane R > T Bnan R T
2 1600E ATLAS 2 500C ATLAS 2 ATLAS 2 8000f ATLAS
R 2 e I A 2 o G-8Tev, 16‘2‘lb‘2
H £ oo H H i<
5 1200E iz k] Iyi<12 g <12 5 6000f po20GeV
3 p,<20 GeV 3 p<20GeV. 3 p 520 GV 3 N
£ P - s0000f- P cost0
R & 3005 coarso 5 o< & o000
800F 4000
600 200 20000 3000
400 oo 10000) 2000
200 1000
580070000 10200 10400 10600 1080011000 11200 380010000 10200 10400 10600 10800 11000 11200 300 10000 10200 10400 10600 10800 11000 11200 3800 10000 10200 10400 10600 10800 11000 11200
i x Y(1S)) MoV] mx & X(1S) MeV] me % T(1S) Mev] mi & Y(1S)) MeV]
() Barrel, low pr. low cos 6" (b) Barrel, low pr high cos " (¢) Barrel, high pr. low cos 6" (d) Barrel, high pr. high cos 6"
107 10°
3 e A s 3 T > e e 3
2 o ATas s ATLAS g ATLAS ]
H Ba8Tev, 1620" © 180E fogTev. 162 220005 Gogrev,1621" H
§ eooc £ 169 H H
g 12dyic24 5 jab 12y 20000F 1.24)yi<24 k|
S soof p20Gev T oo 3 p,520 GV 3
3 ok o 3 e rsooof. comr<o b
300 & 10000
200 %
40 5000f
100] 2
300" 76000 10200 10400 1 o

0600 10800 11000 11200
m(x' & (1)) [MeV]

(e) Endeap, low pr. low cos 6"

Bruce Yabsley (ATL

/ Sydney)

800 10000 10200 10400 1

10600 10800 11000 11200
mia & T(1S)) [MeV]

(f) Endeap, low pr, high cos 0"

800 10000 10200 10400 1

0600 10800 11000 11201

(g) Endeap, high pr. low cos 8*

Charmonium production at ATLAS

0
mix* & (1) MeV]

8800 10000 10200 10400 10600 10800 11000 11200

i = T(15)) MeV]
(h) Endeap, high pr, high cos 0"

CHARM 2015/




Xy, — wtw~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

@ local signif. z < 3 by

————
_ ATLAS
asymptotic formulae fs=8TeV, 162 fb"

ly|<1.2
pT>20 GeV

c0s6*>0

8000
7000
6000
5000
4000
3000

Candidates / 8 MeV

2000
1000

9800 10000 10200 10400 10600 10800 11000 11200
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Xp — 7wT7~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)

o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV

@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

o local signif. z < 3 by E"v;/\‘/\‘r\)w“w”w”w é
asymptotic formulae : ~——— V 3§

e cf. R =3%, 6.56% — Observed Significance ~~— __ @

— — Expected Significance for R = 3%
- Expected Significance for R = 6.56%

.
.
———————————————————————————————————————— 7
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101 0000 10200 10400 10600 10800 11000
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Xy, — wtw~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

o L e e
@ local signif. z < 3 by s ATLAS — Observed
ic | ‘é N Median Expected
asymptotic formulae 10" s-8Tev, 1621 B 10 Band =
e cf. R =3%, 6.56% g [ [)#20 Band 1
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Yol
L g 1
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102 -
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Xy, — wtw~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

i N e
c —
@ local S|gn.|f. fz < 3I by g atLas ;::ie;:e:xpmm
asymptotic tormulae 5107 Vs-8Tev, 16210 [ 1o Band E
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Xy, — wtw~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
o fit range m £ 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

o L e e
c —_—
o local S|gn.|f. z <3 by 5 atLas ;::ie;:e:xpmm
asymptotic formulae §1o-‘; S=8TeV, 162 fo" I +10 Band =
e cf. R =3%, 6.56% g [ [)#20 Band 1
s [ ]
@ set ULs using CLg & T ]
@ syst's first added: 2] mer |
— using G constraints T TTRPM ]
. a0
increases limits < 13% B Lone
— inflates +1¢ bands 9.5-25% 107 E
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Xp — 7wT7~T: results as a function of mass

@ hypothesis test every 10 MeV from 10-11 GeV, excluding T(2S, 3S)
fit range m & 80endcap: £72MeV at 10 GeV; £224 MeV at 10.9 GeV
@ simultaneous fit to the 8 (|y|, pr, cos*) bins, for R = oB/(0B)2s

° ignif. —FLAT
local S|gn.|f z <3 by I —FLAT ]

asymptotic formulae /S = 8TeV, 162 b _TRPO

—TRPM

e cf. R =3%, 6.56% —LONG

@ set ULs using CLg

@ syst's first added:
— using G constraints
— increases limits < 13%

— inflates £10 bands 9.5-25%  1¢2

95% CLg Upper Limit on R
o

@ recalculated for the other A T R
) . . 10000 10200 10400 10600 10800 11000
spin-align® working pts Parent Mass [MeV/]

@ reported in detail
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X, — 7wt~ T: interpretation and plans

@ this is the most senstitive X production search for m > 10.1 GeV

e excludes R = oB/(0B)y(2s) = 6.56% throughout search range
o cf. mmyp [CMS, JHEP 04 (2013) 154]: (0B)x3s72)/(0B)y(25) = 6.56%

o if X}, exists, relative production o /0,5 or branching B/Bss,
or both, are weaker than for X(3872)

@ an X, is not in general a carbon copy of the X(3872):
e X(3872) is within sub-MeV resolution of D°D*° threshold
o even a molecular X}, is bound by tens of MeV

o further, large DD* isospin breaking (my — mgo = +8.08 & 0.11 MeV)
is absent for BB* (m+ — mgy = —0.64 + 0.12 MeV)?
o stressed by theorists [Guo/MeiBner/Wang, 1204.2158; Karliner .. .|
X(3872): |my — moo| > Ep; =~ pure D°D*? state; B,y ~ By
Xp: |my — mog| < Ep; = pure | =0 state; B,y “strongly” suppressed

o /-allowed modes — {v, 77O} T, wmx, — have severe A- € problems;
further searches are under investigation
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¥(2S) — wtaw— J /4 at 7 TeV

little feed-down from higher states: test of direct charmonium production

also constrains feed-down to J/1 if measured in bins of J/v¢ (p7,y)

dimuon trigger: pr > 4GeV, [n#| < 2.3; un-prescaled, 2.1 b1

3

X
o full spectrum; a 1004""'*""“"'“'"“""""""L
— —. D -
note the X(3872) S 0 s F:ta ]
E 80} ----- Background {
a3 r w(2S) Signal 1
s 60— =
= [ ]
L L ]
40 el .
b ATLAS ]
20 . N
r Vs=7TeV, 2.1fb’ ]
ok L J

| I el o b b b
3.60 3.65 3.70 3.75 3.80 3.85 3.90
Myyyrere [GEV]
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¥(2S) — wtaw— J /4 at 7 TeV

little feed-down from higher states: test of direct charmonium production

also constrains feed-down to J/1 if measured in bins of J/v¢ (p7,y)

dimuon trigger: pr > 4GeV, [n#| < 2.3; un-prescaled, 2.1 b1

full spectrum; o

@ Tull spectrum; % F ATLAS ly] <0.75 ]

note the X(3872) S S0F —— Data E

L. < [ Vs=7TeV, 2.1fb™ — Fit ]

QT UMW flt, ?) 40F «==» Background ;
constraining Q (2S) Signal

pi — J /v mass; c 30

|y| c [0’0.75) 20 Lt E

o Signal ~ 96 k j

10: Peak 0 ~ 5.6 MeV

| S T TN [ S SO W W IS
3.60 3.65 3.70 3.75
Myyyrere [GEV]
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¥(2S) — wtaw— J /4 at 7 TeV

little feed-down from higher states: test of direct charmonium production

also constrains feed-down to J/1 if measured in bins of J/v¢ (p7,y)

dimuon trigger: pr > 4GeV, [n#| < 2.3; un-prescaled, 2.1 b1

full t ; %1(')3"""""""""
@ Tull spectrum; a 30:_ATLAS 0.75 <|ly| < 1.5 =
note the X(3872) = r —— pata 1
< F Vs=7TeV, 2.1fb™ — Fit E
+, -, +,,— ft 25% -
QT UMW IT, ?) E -=ex Background ]
constraining 2 20 ves) Signal 3
i — J /b mass; S 15 :
ly| €0,0.75) 10 =
g Signal ~ 66 k .
|_)/| € [075’ 15) 5; Peak ¢ ~ 7.9 MeV E
E Loy e ey L 3

3.60 3.65 3.70 3.75

Myyyrere [GEV]

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 11 /32



¥(2S) — wtaw— J /4 at 7 TeV

little feed-down from higher states: test of direct charmonium production

also constrains feed-down to J/1 if measured in bins of J/v¢ (p7,y)

dimuon trigger: pr > 4GeV, [n#| < 2.3; un-prescaled, 2.1 b1

full - 3 I e
© full spectrum; o 18FATLAS sspi<z ]
note the X(3872) > 16F —— Data =

< F (s=7TeV, 2.1fb™* —r E

+ -+, — f 14F Fit 3
QT UMW it, ?) -« Background 1
constraining Q 15 b@s)signal

. € 10 A3 =

pp — J/1p mass; I S S E
vl € [0,0.75) 6 :
v € [0.75,1.5) 4 Peak 010 MeV ]
ly| € [1.5,2.0) & ]

S [N N S WS IS
3.60 3.65 3.70 3.75
Myyyrere [GEV]
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wtw~ /v at 7 TeV: 2D fit to (m, 7)

mass: pseudo proper time:
prompt: fGi(m)+[1 = f1G2(m) (7)) ® Gres(T)
non-prompt: Gy (m) + [1 — f|Go(m) (E1 (1) = exp(—7/11)O(7)) ® Gres(T)
bkgds: P2(m) {5(7), 22 KiEi(T), Ea(|7])} © Gres(7)
> 0. FXlOS T T T T T 2 T T T Dlt
in bins Of % -i:la 2-:'7_1':\5/ 2.1 ﬁ o 2-:'7}:3 2.1fb™ iF:\ )
; 0A2_— Li<p <12Gev . % 10° 4 11sp <12GeV | “** Prompt Signal
the w(25) '% L Fromet sianal Iyl<075 h g 15 [ Non Prompt Signal
(P, y]); 5 1of [ vonponotsna E-

[ --- Background ] 10* - . Non Prompt Bkgd

representative
examples at

low y, pr

(fit-data)/c

likewise for
/% (pr. ly)
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wtw~ /v at 7 TeV: 2D fit to (m, 7)

mass: pseudo proper time:
prompt: FG1(m) +[1 = f]Ga(m)  0(7) ® Gres(T)
non-prompt: Gy(m) + [1 ~ f1Ga(m)  (Ex(7) = exp(—/m)0(r)) & Gre(r)
bkgds: Pz(ng {6(7), 32 kiEi(7), Es(|7])} @ Gres(T)
x1
nbinsof & LRI R TR
the 4(25) ‘é e el IR S R g:m:(i.gatslg
(prlyl); & oo £

representative
examples at

F --- Background

-+ =+ Non Prompt Bkgd

10: é 5 T
low y, pr £ & 3 ” T : -
mid y, pr Y- YW Bl — '
o 2 E L % E
Il 1 < 1
g o JH‘JIITI"I'II R LLI. ol I
likewise for Ei, 21 £ g 2 ﬁdr.TL‘ "Lllﬂll-*f v ;
E 3 E

J/ (pr,ly|) 3.65 T PGy 20 2 4 6 8
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wtw~ /v at 7 TeV: 2D fit to (m, 7)

mass: pseudo proper time:
prompt: FGi(m) +[1 = f]Ga(m)  6(7) ® Gres(T)
non-prompt: G (m) +[1— f|Go(m)  (Ei(7) =e ( 7/71)O(7)) @ Gres(T)
bkgds: Pz(m) {6(7) E ( ), E4(|T|)} ® gres(T)
> 600 T T T T T T T T T 0 1% E T T T
. . F— paa ATLAS 1 &  Eatias —— pata
in bins of % 5005—_ . Vs=7TeV, 2110 _- g L[ eV 20 — i
the y(25) g Fooweeww g mwme g b SENLITNL
. c o Non Prompt Signal = . A - -+ Prompt Bkgd E
(pT’ |y|)' . F -~ Backgroung S s - Non F:)rompgt Bkgd ]
representative S0 ok i -
examples at 200 i E
low y, pr 100 F gi
mid y, pr 1: g
high y, pr; N s iF
& 09 B o2
o : o ‘Hﬁh‘r |.'.J
likewise for g -0-_ £ 03 e
I/ (pr,lyl) e

- 8 0
mJ,wm[GeV] Ty g [PS,
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¥(2S) — wtw~ J /4 at 7 TeV: comparison w theory

prompt production:

NNLO* CS undershoots (esp. at high pr); NLO NRQCD ~

matches data;

colour evaporation predicts a harder spectrum than seen;
kt factorization significantly (and as a fn of p7) underestimates data

cf. spin-alignment uncertainty: (752)% at 10 GeV — (T,

8)% at high pr

T

# NLO NRQCD
- k, factorisation
%4 Colour Evaporation

} NNLO* Colour Singlet

<
g 10

Q
T T T T T T g B 1
ATLAS Prompt y(2S) data E g N

V5=7 TeV, 2.1fbt —e— |y|<0.75 (x10%) f—: 10
—a— 0.75< |y|<1.5 (x10°) 102
—— 155lyj<2.0

10°

Prompt $(2S) data: [y<0.75

NRQCD
I3 NNLO” Colour Singlet m Colour Evaporaton

'\, facorsaion ~

Theory/Data
-

Prompt Y(2S) data: 0.75<]y|<1.5 '

ATLAS
s=7 Tev, 2.1fb™

Theory/Data

B(W(2S) - J( - u'w) ) 2Pe¥@Sdp_/dy [nb/GeV]

20 30
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¥(2S) — wtxw— J /4 at 7T TeV: comparison w theory

non-prompt production: reasonable agreement with both
general-mass variable-flavour-number scheme (GM-VFNS) at NLO, and
fixed-order next-to-leading logarithm (FONLL) calculations,

but both predict production that's harder in pT;

FONLL reproduces B™ = 3 b-hadron composition & decay mismodelling?
[for same trigger & dataset]

ATLAS
Vs=7 TeV, 2.1fb™

T

10,5 3T NLO with FONLL fragmentation
FONLL
10° B2 NLO GM-VFNS

T T
Non-prompt y(2S) data
—e— [y[<0.75 (x10%)

—a— 0.75< |y|<1.5 (x107)
—— 155lyj<2.0

B(W(2S) - J( - u'w) ) 2Pe¥@Sdp_/dy [nb/GeV]

10 20 30

Bruce Yabsley (ATLAS / Sydney)

40 50 60 70 809010
w(2s) p, [GeV]
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Theory/Data Theory/Data

Theory/Data

10

g

(2S) data: [y|<0.75

Non:

LO with FONLL fragmentation
FONLL
NLO GM-VFNS

T T [

Non-prompt ((2S) data: 0.75sly|<1.5

ATLAS
Vs=7 TeV, 2.1fb™

10

T T
Non-prompt (25) data: 1.5<|y|<2.0

. Loy 1
20 30 40 50 60 70 809010
W(2S) p, [GeV]
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Xc1 and X2 production at 7 TeV

@ example of P-wave quarkonium production

e significant source of feed-down to J/1

e multiple states — Y2/ Xxc1 ratios provide precision tests

cf. ©(25): mm replaced by v — eTe™ in pixels, p3- > 1.5GeV, |7 < 2.0

again, 2D fit in mass and pseudo-proper time:

\6
X

=~ 2‘077]"0‘ T — T
> E ATLAS 10< pj’“‘ <30 GeV B
O 18- s=7Tev " <075 3
L= = |
S L6 ILdt =451" ¢ Daa E
= E — Fit =
> 14p ---- Background B
% 1_2? [ Signal x,, 7;
° E [ Prompt Signal X, E
e 1'0: B Non-prompt Signal x| J
8 0.8 [ Prompt Signal x_, 3
- E Non-prompt Signal x_, 1
Z osp = «
= C epet?® —
7 044: »»»»»»» E
£ 02 |
2 E 3
@ 0.0

2 0.2 0.3 0.4 0.5 0.6 0.7

Bruce Yabsley (ATLAS / Sydney)

mupy) - mu'p) [GeV]

Weighted p*p’y Candidates / (0.15 ps)

R B B R R
ATLAS

Vs=7Tev
ILdl =45f"

v <075

¢ Data
— Fit
-+ Background

L

P PRI VBB | )

e
10<p]" <30 Gev

Prompt Signal
[ Non-prompt Signal

Charmonium production at ATLAS

2 4 6 8

10 12

14

Pseudo-proper Decay Time T [ps]
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Xc1 and X2 production at 7 TeV

a series of absolute cross-section x By, , x B/, measurements in
@ Xc1,c2 P1 bins, for xc1.c2 production studies
e J/v pt bins, for constraint of feed-down to J/1); examples:

@ prompt y.1 and = ET v
P Pt X E F ATLAS Prompt |y”¥| < 0.75
% 1 é s =~7 TeV | Ldt=45fb X Isotropic Decay
- E S~
g
=, 10
o E
ke E
.8 |
X 102%E
m E
10_3 E —¢— Data
E --- k, Factorisation
104 | E== nLONRQCD
E B88 Locsm
10 20 30
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Xc1 and X2 production at 7 TeV

a series of absolute cross-section x By, , x B/, measurements in
@ Xc1,c2 P1 bins, for xc1.c2 production studies
e J/v pt bins, for constraint of feed-down to J/1); examples:

@ prompt and S ET v 3
Prompt Xei E E ATLAS prompt |y"<0.75 3
prompt xc2: % 1; vs=7Tev [Ldt=45m" X, Isotropic Decay é
good agreementw [ 3

o
NLO NRQCD, g, 10 E
not LO CSM, or § )t ]
. 10° g 3
kt (now constrained & g E
ts F . 1
by w(zs) & XcJ mMeas 5‘ 103§+ Data S 3
F - - - k, Factorisation \\‘~~\ 3
[ —— NLONRQCD \\‘\ ;
---LOCSM < ~§
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Xc1 and X2 production at 7 TeV

a series of absolute cross-section x By, , x B/, measurements in
@ Xc1,c2 P1 bins, for xc1.c2 production studies
e J/v pt bins, for constraint of feed-down to J/1); examples:

® prompt Xc1 and % IATLAS Nc;n-prompt v <075 '
prompt X co: % 15 s=77ev ILdt=4.5fb‘1 4 vatax,
good agreement w :»— Isotropic Decay —4— Data x,,
NLO NRQCD, g 107
not LO CSM, or g 102
kT (now constrained &
by ¥(2S) & x.; meas™ 103
@ non-prompt Xc1, Xe2: E==FONLLD - XX
FONLL does well; Lot mmrones - x.x |
overshoots at high pr 10 20 30

Py [GeV]
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Xc1 and X2 production at 7 TeV

Xc2/Xec1 ratios of production cross-section x By, , X By /y:

prompt production:

~ LOp T

. © g Iy 3

e LO colour smglet § 0.9E ATLAS 1 Prompt |y | <0.75 3

. X E = = . |

consistently low & ogh STTTV Jrazasm 4 paa =

kﬁ E Isotropic Decay —#— cmsy™ <10 3

e NLO NRQCD z 0.7 E

matches well X 06F =

. . 0.5F =

@ results, including o4k E

?NRQCD high-pr 03E E
over-prediction?, 0.2
consistent w CMS 0.

B=8 Locsm

S T T S A S ST O R MO SO S

10 15 20 25 30
p* [GeV]
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Xc1 and X2 production at 7 TeV

Xc2/Xec1 ratios of production cross-section x By, , X By /y:

prompt production:

@ LO colour singlet
consistently low

e NLO NRQCD
matches well

@ results, including
?NRQCD high-pr
over-prediction?,
consistent w CMS

non-prompt:

1.0
E ATLAS Non-prompt |y"¥| <0.75

0.9F i
08 \(§:7TeVILdt:4.5fb —4— Data

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Isotropic Decay #— CDFpl'¥'> 10 Gev

BZXO(Xcz)/leo(xcl)

i

b bl b b b b B i

T T T[T T [T [T TIiT]7eT

7
%
%

LI e e B e AL A

20 25

=
o
=
[4)]

1,30
Py [GeV]

@ agrees with CDF /s = 1.96 TeV pp measurement
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ATLAS has an active programme measuring charmonium production,
featuring

o differential cross-section measurements in |y| and pr
careful treatment and reporting of spin-alignment uncertainties

°
@ both prompt and non-prompt production for hidden charm
@ a reasonably comprehensive set of states:

J/ (older results not shown here)

Xc1 and X2

(2S) = wtn=J/Y

T(1S), T(2S), T(3S)

Xbs(mMP) measurements (not shown here)

a sensitive Xp production test has also been performed

Further measurements, on 8 TeV and 13 TeV data,
will be released in the next year or so.
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BACKUP SLIDES
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) “a
N v
x ————— (1 + Agcos® ¥
Brag) LT
+ A sin? 1 cos2p + Ay Sin 210 cos ¢ i) f | Lizm) 2

rest frame

+ )\f; sin29sin2p + /\fg]p sin 29 sin )
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (1 + Aycos“ ¥ {
(3 + >\19) ( v production \19\
plane \
+ Ay sin? 1 cos2p + A9y sin 20 cos @
12 g I . X ‘K‘* y
+ Ay sin“dsin2p + Ag, sin 29 sin p) 2

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (1 + Aycos“ ¥ {
(3 + >\19) ( v production \19\
plane \
+ Ay sin? 1 cos2p + A9y sin 20 cos @
12 g I . X ‘K‘* y
+ Ay sin“dsin2p + Ag, sin 29 sin p) 2

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (L + Aycos“ ¥ 4
(3 + >\19) ( v production \19\

plane \

+ Ay sin? 1 cos2p + A9y sin 20 cos @
) X 4/(/)\_’% y

+

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (L + Aycos“ ¥ 4
(3 + >\19) ( v production \19\

plane \

+ Ay sin? 1 cos2p + A9y sin 20 cos @
) X 4/(/)\_’% y

+

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)

o full angular distributions (Ay, A,. A\y.) in general needed . ..
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BACKUP: polarization for V — pu*p~

transversely

@ L: polarized o
longitudinally
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BACKUP: polarization for V — pu*p~

transversely

o L: polarized o
longitudinally

@ R: meas' frame rotated by 90°
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BACKUP: polarization for V — pu*p~

a) V c) z
transversel
o L: polarized o Y
longitudinally
@ R: meas' frame rotated by 90° |

@ integration over azimuth ¢ —

b)

x
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BACKUP: polarization for V — pu*p~

a) z c) 4
. transversely I m==1
@ L: polarized o
longitudinally

e o
@ R: meas’ frame rotated by 90° . e &

@ integration over azimuth ¢ — y ‘ '
longitudinal dist” (d) looks like

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 20 / 32



BACKUP: polarization for V — pu*p~

a) z c) 4
. transversely I m==1
@ L: polarized o
longitudinally

e o
@ R: meas’ frame rotated by 90° . e &

@ integration over azimuth ¢ — | y ‘ '
longitudinal dist” (d) looks like

transverse dist" (a) b)

x

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 20 / 32



BACKUP: polarization for V — pu*p~

transversely

L: polarized o
longitudinally

R: meas! frame rotated by 90°

@ integration over azimuth ¢ —
longitudinal dist” (d) looks like
transverse dist" (a)

@ )\y-only measurements
(a la TeVatron Run 1)
can't be compared without
assumptions about pol” frame
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BACKUP: polarization for V — pu*p~

transversely

L: polarized o
longitudinally

R: meas’ frame rotated by 90° .

@ integration over azimuth ¢ —

longitudinal dist” (d) looks like
transverse dist" (a) b)

Ag-only measurements
(a la TeVatron Run 1)

V o c) ‘z

can’t be compared without - . =
assumptions about pol” frame ‘ 2 L
y
@ experimental acceptance is also l
H n
typically a f7 of (Mg, Ay, Ayy)
Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18
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BACKUP: polarization for V — pu*p~

@ limited range of (Ay, Ay, Ag,) values allowed

.
Lambda_phi ’
1 l 9 oLy
s /
&

i

4

y
. a
Lambda_thet:
S~ .0
- . - N B N
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BACKUP: polarization for V — pu*p~

o limited range of (Ag, Ay, Agy) values allowed
o LHC experiments quote results for each of a set of working points

.
$Lambda_phi . . )\ 1 1
1
s

a
Lambda_thet:
! I--
x 1
-1 -0.5 0

o ATLAS cms )‘9
® - LHCb ALICE
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BACKUP: T(nS) production cross-sections

acceptance A(pT,y") = P(both muons pass pr > 4GeV, |n#| < 2.3)

function of T spin alignment: isotropic (default) +4 working points in
dco‘f% oc 1+ Agcos? 0% + Ay sin? 0% cos 26" + Mgy sin 20* cos ¢*

Lowest A, and largest variation, for pr ~ Zmy (consider “backward” 1)

FLAT ATLAS Spread ATLAS
;102 :18 ;‘102““\““““‘ 12 o
[0} 3 c [0} =
o, ] s O ®
| o
Q_»— i 8 8 Q_'_ 8
—~ o S
[@)) < 7)) %
= 10 E 0.6 = 10 §
i 0.4
1 102 e
: : 1 S )
0 . 1.5 2 0 0.5 1 1.5 2
Y(1S) Iyl Y(18) Iyl
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BACKUP: T(nS) production cross-sections

fiducial cross-sections (no theoretical predictions to compare to so far!):
little (pT,y) structure in the weight, wrig = (€reco - etrig)_l; dominated by

trigger efficiency ey = €rol(PT: G 1)1 - €Rol(PT> G - M) - Cup (AR, [y*H]);
see paper & http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2011-06/

7A1"LAS ‘— ‘Corre‘cled‘ — - Fiducial r

= 5 . - . 3 =
S [ATLAS v'<12 —- Fiducial  { 2 el
= i —_ 2orrecled _____ Muon Reco. | = E e Acceptance === Muon Reco.
----- cceptance = =i
10 (Flat polarization) Trigger _ r (Flat polarization) Trigger -]
. 1= | | | | | | | I o O T T
g T N e T N
g I o ne—— q e N —— ————
= e g kS [ 1 o
5 r et 1 & | @=7Tevadt=1.8fb‘ 1
0.5k e e _ ] 0.5/ I
1 " P Tmes e TR
¥ L] F e, 1
@=7Tevadt=1.8fb ] ]
0 . . . 0 . | | i
0 20 40 60 0 0.5 1 1.5 2
Y(18) p, [GeV] Y(1S) lyl

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 22 /32



BACKUP: T(nS) production cross-sections

corrected cross-sections:
weight Wiot = (A * €reco - c1riz) L dominated by acceptance at low pr
= spin-alignment dependence

= E : - : : : : 3 = s e e e iianannannay
> FATLAS v"i<12 — - Fiducial 4 2 10 7ATLAS — Corrected — - Fiducial
= —_ 2orrecled _____ Muon Reco. | = E e Acceptance === Muon Reco.
----- cceptance =
10 (Flat polarization) Trigger _ r (Flat polarization) Trigger
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g B g B
2 ,Fr’r..--'" - e 4 2 S — —L T et R
& e 1 S e N
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0.5k L = 050 p
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BACKUP: T(nS) production cross-sections

systematics dominated by trigger efficiency and fit modelling;
— falls below stat’ uncert” for pr > 30 (20) GeV for T(15) (T7(2S,35))

low acceptance correction uncertainties due to spread in interaction point
(subleading: statistical noise due to very fine binning)

—_
o
o
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t
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Fractional Uncertainty [%]
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T
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BACKUP: T(nS) production cross-sections

systematics dominated by trigger efficiency and fit modelling;
— falls below stat’ uncert” for pr > 30 (20) GeV for T(15) (T7(2S,35))

low acceptance correction uncertainties due to spread in interaction point
(subleading: statistical noise due to very fine binning)
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BACKUP: T(nS) production cross-sections

systematics dominated by trigger efficiency and fit modelling;
— falls below stat’ uncert” for pr > 30 (20) GeV for T(15) (T7(2S,35))

low acceptance correction uncertainties due to spread in interaction point
(subleading: statistical noise due to very fine binning)
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BACKUP: The X(3872) and the “X,”

The X(3872) is the first (2003) & best-studied (> 25 exp'? papers)
of the new hidden-charm states seen in the last decade.

Fl

o 7y [discovery] & other decays
@ narrow: [ < 1.2MeV, 90% C.L.

@ JPC = 1%+ (27 finally excluded)

2

&

Events/( 0.002 GeV )
8

8
Events/( 0.004 GeV )

Events/( 0.007 GeV )

@ direct pp & pp production seen

i
52 52 52 52

@ very poor match to c€ structure  * " ilewm ™ 7 i@ Mo
@ very close to D*°DO threshold: 70 S TN R e
__ o F 6
o D*°D° molecule, PR S B 5
very weak Ej ~ 7= E,(2H)? Sob o N
g 6005_ 400] 2
e I tetraquark, other models 2aof ™ R
ERE 0 500 T 50
200 LHCb ]
@ heavy-flavour symmetry: 2 4
. C L L 1
expect a hidden-beauty analogue e e 100 100 1400
M(TTEd/g) - M) [MeV]
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BACKUP: X, search: outline

The ¥ Y(1S) (c.f. ™ J/ ¥) channel provides an
experimentally feasible search option:

p > fﬁ?< P
Yas) \ -
T |
m

1. Reconstruct X, 2>n*nY(up) using large ATLAS Y(up) sample

2. Either observe X, at mass M with significance z, or
3. Set upper limits for X, 2> n*nY(up) production

4. Also look for Y(13D;), Y(10860), and Y(11020) decays
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BACKUP: X, — w*n~T(— p*p~) reconstruction

x10°
> 2200y
I. Find Y2 p*p candidates: 2 200~ ATLAS o | mpae o
©  180F Vs=8TeV, 6.2 ] Bgcakgrlound 3
g 1600 y'ict2 1B} Combonent |
. >4 GeV'Y trigger g 140- 138} Component 4
pr(w)>4 GeV Y trigg i ]
= two “combined” p tracks 8 ook E
= InWl<23 o :
= |m(up)-m;g| <350 MeV e § 3
20F- / E
C: i e |
9000 10000 10500

m(uw) [MeV]

o
. 4}:(19
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BACKUP: X, — w*n~T(— p*p~) reconstruction

I. Find Y2 pu*p candidates:  1I. Add two tracks (nn):

= pr(w>4 GeV Y trigger = pp(m)>400 MeV

= two “combined” p tracks = | n(n)|<2.5

= I n@l<2.3 = 4-track vertex fit

= |m(uu)-m;q| <350 MeV *  m(up) = m,q constraint
= X2<20

= masses < 11.2 GeV

X
w 4 j((/ls) \ m
n

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18



BACKUP: X,: discrimination in (|y|, pr, cos 68%)

e barrel (|y| < 1.2) resolut" better than endcap (1.2 < |y| < 2.4)
@ constraint T~ — T mitigates this, but not higher bkgd under peak
@ unknown X, mass: 7w effect on m(7wmT) resolution can't be removed

— perform the analysis in bins of rapidity

BARREL ENDCAP
3

%220:1‘0‘”_‘”HH_H“: Zo000E T T T T
S 200~ ATLAS - 2012data = £ ATLAS « 2012 data E
=} F {s= 1 — Total Fit E ©80000f (s - 1 — Total Fit E
hy 180F s=8TeV,16.21b Background B Ay E Vs=8TeV, 16215 Background E
2 160 y<t2 A Y(1S) Gomponent ©70000F 1.2<)y"|<2.5 ---- Y(1S) Component|
2 S A S { gg gompo:gm 3 £ E ---- T(2S) Component |
5 1400 omponent 560000 Y(3S) Component]
2 120 = 2 E E
§ g g 8500005— E
100 E 40000F E
(3 E 30000 3
60 3 E E
40— E 20000F 3
sl . E 10000F- p \ E
0= R B . e 0F il e ) T O k|
9000 9500 10000 10500 9000 9500 10000 10500
m(wu) [MeV] m(uu) [MeV]
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BACKUP: X,: discrimination in (|y|, pr, cos 68%)

e barrel (|y| < 1.2) resolut” better than endcap (1.2 < |y| < 2.4)
— perform the analysis in bins of rapidity

o different signal and background distributions in (pt, cos 8*):
o cosO*(n ™) flat in parent rest frame for unpolarized signal
e in background, 77~ unrelated to p*p~, and has low p7*
— background is lower in p1, more backward in cos 6*

Y

[classic discrimination by decay angle for (quasi-)2-body decays]
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BACKUP: X,: discrimination in (|y|, pr, cos 68%)

e barrel (|y| < 1.2) resolut” better than endcap (1.2 < |y| < 2.4)
— perform the analysis in bins of rapidity

o different signal and background distributions in (pt, cos 8*):
o cosO*(n ™) flat in parent rest frame for unpolarized signal
e in background, 77~ unrelated to p*p~, and has low p7*

— background is lower in p1, more backward in cos 6*
o trigger threshold effects

— distributions change but discrimination remains

ATLAS Simulation ATLAS

fs=7TeV, 461" x10° ATLAS Simulation

E

|70, , I T, sEt
0.8-06-04-02 0 02 04 06 08 1 >1-08 -06 -04-02 0 02 04 06 08 1
cos(6*) cos|

>1-0.8 -06 -04 -02 0 02 04 06 08 1
(©%) cos|

SIGNAL BACKGROUND S/VB
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BACKUP: X,: discrimination in (|y|, pr, cos 68%)

e barrel (|y| < 1.2) resolut” better than endcap (1.2 < |y| < 2.4)
— perform the analysis in bins of rapidity

o different signal and background distributions in (pt, cos 8*):
o cosO*(n ™) flat in parent rest frame for unpolarized signal
e in background, 77~ unrelated to p*p~, and has low p7*
— background is lower in p1, more backward in cos 6*
o trigger threshold effects
— distributions change but discrimination remains

ATLAS Vs =7 TeV. 4.6 b

we chose bin boundaries at BT
oy . (p7,c0s0%) = (20GeV,0) <y i E
7 — simult. fitto 2 x 2 x 2

bins in (|y|, pr, cos8*):

considered AR cut [CMS]:
less sensitive than binning

91708 -06 0402 0 02 04 06 08 1
cos(6*)

AR cut 3 la CMS S/VB
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BACKUP: X,: background and signal modelling

background:

mix of inclusive T(1S) and combinatorial gt~

preliminary studies performed on 2011 (7 TeV) data:

lower-sideband p+ i~ and same-sign pu® it samples

m(7t 7~ ) distributions featureless above 9800 MeV

e confirmed in T — u*u™ signal region for various m(7* 7~ T) ranges

— polynomial fit to m(7 "7~ T) region about each test mass

Bruce Yabsley (ATLAS / Sydney) Charmonium production at ATLAS CHARM 2015/05/18 28 / 32



BACKUP: X,: background and signal modelling

background:

mix of inclusive T(1S) and combinatorial gt~

preliminary studies performed on 2011 (7 TeV) data:

lower-sideband p+ i~ and same-sign pu® it samples

m(7t 7~ ) distributions featureless above 9800 MeV

e confirmed in T — u*u™ signal region for various m(7* 7~ T) ranges

— polynomial fit to m(7 "7~ T) region about each test mass
narrow state search: fit with f - G(m, o) + (1 — f) - G(m, ro)
f, r ~ indep® of mass; fixed to average over MC samples

o
(]
@ o then found to be linear in mass
o

remaining issues: division among analysis bins, acceptance, efficiency
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BACKUP: X,: background and signal modelling

background:

mix of inclusive T(1S) and combinatorial gt~

preliminary studies performed on 2011 (7 TeV) data:

lower-sideband p+ i~ and same-sign pu® it samples

m(7t 7~ ) distributions featureless above 9800 MeV

e confirmed in T — u*u™ signal region for various m(7* 7~ T) ranges

— polynomial fit to m(7 "7~ T) region about each test mass

@ narrow state search: fit with f - G(m, o) + (1 — f) - G(m, ro)
o f, r ~ indep’ of mass; fixed to average over MC samples
°
°

o then found to be linear in mass

remaining issues: division among analysis bins, acceptance, efficiency
— all depend on distribution of final-state particles in (1, pr, ¢)
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BACKUP: (2S) — ntn—J/4 at 7 TeV

spin-alignment uncertainty:

2.0
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14
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BACKUP: (2S) — ntn—J/4 at 7 TeV

spin-alignment uncertainty:

o 2.0r , , ——
'&5‘ C 0.75 <|y| <15 === [sOtropic ===« Longitudinal ]
14 1.8~ ]
8 L oo Transverse 0 =« Transverse + == Transverse - _|
S 16 =
a L 4
[eX C =« Off-plane + = = « Off-plane - Envelope ]
8 14 -
O bt 5 i
> M. =
< i

1.2 —

1.0 5
0.8 -
: ............... g ATLAS :
0.6 L L L L L L L N
10 20 30 40 50 60 70 100

W(2S) p, [GeV]
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BACKUP: v(2S) — ntn~J/4 at

spin-alignment uncertainty:

7 TeV

o 20p , , ——————]
T C 1.5 <|y| <2.0 === [sotropic == Longitudinal ]
@ 18- -
8 L e Transverse 0 = Transverse + ='=' Transverse - _|
S 1.6/ ]
a C: == Off-plane + = = = Off-plane - Envelope ]
8 14T =
Q L i
< [, -
1.2— . -
:”?”“ - ) v o |
1.0 n — 3
0.8:— e FIITERIER _:
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BACKUP: (2S) — ntn—J/4 at 7 TeV

spin-alignment uncertainty:

o) 2.0_"'|"'x"'x"'x"'x"'x"'x"'x"'w"_
IS C 10 <p_ <100 GeV — Isotropic ===+ Longitudinal ]
14 1.8~ ]
8 e Transverse 0 =« Transverse + ='=' Transverse - _|
% 1.6~ ]
o C =« Off-plane + = = « Off-plane - Envelope ]
8 14 —
Q L i
< T T A, r
12 T .
o :

OX: R rreeees s s e s s =

C ATLAS ’
0.6...I...I...I...I.........I.........

0.0 02 04 06 08 10 12 14 16 18 20
W(2s) lyl
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BACKUP: (2S) — ntn—J/4 at 7 TeV

prompt production uncertainty budget (excluding spin alignment):

C ' R ——— Total Uncertaint
60_ATLAS b y
L Prompt SETER Total Systematic Unc.

"Iyl <0.7 - .
40 yI<0.75 Statistical Uncertainty

------------- Muon Reconstruction
- --- Pion Reconstruction
Trigger

Fractional Uncertainty [%]

- Inner Detector Tracking

-40F . _
[ {s=7TeV, 2.1fb" x Fit Model

-60L - N e . .
10 20 30 40 50 100 Selection Criteria

¥(29) p, [GeV]
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BACKUP: (2S) — ntn—J/4 at 7 TeV

prompt production uncertainty budget (excluding spin alignment):

60: ATLAé R —— Total Uncertainty
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40F0.75<lyl<1.5 g

Statistical Uncertainty

N
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T T
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BACKUP: (2S) — ntn—J/4 at 7 TeV

prompt production uncertainty budget (excluding spin alignment):
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BACKUP: (2S) — ntn—J/4 at 7 TeV

non-prompt uncertainty budget (excluding spin alignment):

0FATLAS 1 Total Uncertainty
20 Non-prompt fraction E SRS Total Systematic Unc.
r lyl<0.75 ]

Statistical Uncertainty

............. Muon Reconstruction

- --- Pion Reconstruction
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BACKUP: (2S) — ntn—J/4 at 7 TeV

non-prompt uncertainty budget (excluding spin alignment):
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BACKUP: (2S) — ntn—J/4 at 7 TeV

non-prompt uncertainty budget (excluding spin alignment):
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BACKUP: x and x2 production at 7 TeV

acceptance A(p¥, yX) = P(both muons pass pr > 4GeV, |n#| < 2.3,
and photon passes p > 1.5GeV, |7| < 2.0)
The dcos@*dqs* o 1+ g cos? 0% + g sin? 0* cos 2¢* + Aog sin 20 cos ¢*

treatment relies on Faccioli/Lourenco/Seixas/Wohri PRD 83, 096001 (2011)
results, and neglect of

s 100 i 1 .
TN ATLAS 0.9 the (suppressed) higher
O} xcllsotroplc Decay | . | b .
<+ 80 0.8 multipole contributions

70 07 toxe—J/Y

60 0.6

50 0.5

40 : 0.4

30 0.3 Note the high effective
20 0.2 p1 threshold on the x
0.1
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BACKUP: x and x2 production at 7 TeV

uncertainty budget for the prompt measurement:

102

Prompt Yot 102

__________

10

10 - y

1 E )| —
PR I I I BRI R SRR ST R oo b Lo by by a b a byw o ban a1y
1214 16 18 20 22 24 26 28 30 12714 16 18 20 22 24 26 28 30

P, [GeV] P, [GeV]

Fractional Uncertainty [%]
Fractional Uncertainty [%]

—— Total Systematic - - - Acceptance —— Fit Model

----- Statistical —— Muon Reco. Efficiency - - - Spin. Env. Upper
—— Conv. Reco. Efficiency Trigger Efficiency - - - Spin. Env. Lower
----- Conv. Probability
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BACKUP: x and x2 production at 7 TeV

uncertainty budget for the non-prompt measurement:

LR BLELELE BLALELE BLELELE BLALELE LA BLELLE BLALELE B T LA BLELELE BLALELE BLELELE BLELELE BLELELE B
102k ATLAS Non-promptxc1_E 102k ATLAS Non-promptxcz_E
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I e
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1 o T e
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P, [GeV] P, [GeV]

Fractional Uncertainty [%]
Fractional Uncertainty [%]

%

—— Total Systematic - - - Acceptance —— Fit Model

----- Statistical —— Muon Reco. Efficiency - - - Spin. Env. Upper
—— Conv. Reco. Efficiency Trigger Efficiency - - - Spin. Env. Lower
----- Conv. Probability
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