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Why study forward qqgbar?

e LK e

e e

Rhorry Gauld, Implications Workshop, 15/10/2014



Why study forward ttbar?
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Why is the LHCb phase space important
for an asymmetry measurement?

Rhorry Gauld, Implications Workshop, 15/10/2014 5



Angular asymmetry in ff — f'f

Known for a long time in QCD and QED......

EENN

t t

favoured disfavoured

Nucl. Phys. B57 (1973) 381, F. A. Berends, K. Gaemer, and R. Gastmans,

Acta Phys. Polon. B14 (1983) 413, F. A. Berends, R. Kleiss, S. Jadach, and Z. Was,
Phys. Lett. B195(1987) 74 F. Halzen, P. Hoyer, and C. Kim

Nucl. Phys. B327 (1989) 49 P. Nason, S. Dawson, and R. K. Ellis
arXiv:hep-ph/9802268, arXiv:hep-ph/9807420 J.H.Kuhn, G. Rodrigo.... many more
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TeVatron

Tevatron results N
pp — Ut
App=(NT —=N7)/N
Ay =yt — Yz

nnlo QCD + nlo ewk y
Czakon,Fielder,Mitov

TeVatron, \/— =1.96 TeV

anti-top top

Inclusive results with all data

CDF Collaboration, arXiv:1211.1003. o .« ATyCDF
DO Collaboration, arXiv:1405.0421. | Al DO
DO Collaboration, 1308.6690. | | - . . AlyDo

CDF Collaboration, arXiv:1308.1120. - + Aly CDF
DO Collaboration, arXiv:1403.1294. — v Alg DO

X2/Nd.o.f. ~7.1/5~1.30 "(ET'"é""fo""l's'"'2'0'---2-5----3-0----3-5

Asymmetry (%)
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Differentially”?

_Parton level _Lepton level
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LHC results N

pp % tt anti—tt(())II))
A.= (Nt - N7)/N
Ay = |ys| — |ygl
CT10wnlo, ocs(m;) =0.118, 1o CL

Cb 1 | Q®= (173 GeVy’ _
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LHC results (R. Hawkings @top 2014)

ATLAS+CMS,\§ = 7 TeV Ppreliminary

tt asymmetry
ATLAS Il+jets | ® |

[JHEP 1402 (2014) 107]

CMS l+jets

[PLB 717 (2012) 129]

ATLAS+CMS l+jets

Preliminary

ATLAS dilepton

[ATLAS Preliminary]

CMS dilepton I e |

[JHEP 1404 (2014) 191]

Theory (NLO+EW)

[PRD 86, 034026 (2012)

TOPLHCWG, September 2014

=== stat. uncertainty
— w— e total uncertainty

(stat) (syst)

0.006 = 0.010 = 0.005
0.004 + 0.010 = 0.011
0.005 + 0.007 = 0.006
0.021+ 0.025 = 0.017
-0.010 £ 0.017 = 0.008
0.0123 = 0.0005

lepton asymmetry

ATLAS dilepton I e |
[ATLAS Preliminary]
CMS dilepton I e |

[JHEP 1404 (2014) 191]

Theory (NLO+EW)

[PRD 86, 034026 (2012)

0.024 = 0.015 = 0.009
0.009 + 0.010 = 0.006
0.0070 = 0.0003

|

-0.1 0

0.1
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What can LHCDb provide?

1) Asymmetric cross section less diluted by symmetric gluon-fusion
2) PDF asymmetry fq(x,QQ) — fq(m,Qz) iIncreases at high-x

Proposal of A. Kagan, J. Kamenik, G. Perez, S. Stone 1103.3747

LHC
N

anti-top

A= (N'— NY/N
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Asymmetry prediction for LHCb - the 1,2,3s

Main contribution - interference of NLO amplitudes!

u g t
u t
u g t
A(ptapf) B(ptapf)
dagégftm — (A(ptapf) T B(ptapf) o A(pfapt) o B(pfapt))

1) Include relevant contributions for real+virt. (QCD,QED, weak, ...)

2) At LHCDb, one must also include top decay in the prediction!
(the tops are never fully reconstructed, use lepton direction)

3) Apply relevant analysis cuts
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Asymmetry prediction for LHCb - the 1,2,3s

Main contribution - interference of NLO amplitudes!

1 1 0
A o O'a,( ) + Oé O‘e/w e/wil) T Oze/w /w( ) T
Qg + « Us + -
— o O-g( ) - o e/w( | | e/w O-S/w( ) |
p— S | e/w | !
5500 gi“)) a2 5500

O'::(O) = symmetric LO cross section (coupling stripped)
02(1) = asymmetric NLO cross section (coupling stripped)

arXiv:hep-ph/9802268, arXiv:hep-ph/9807420, arXiv:1109.6830, J.H.Kuhn, G. Rodrigo
arXiv:1107.2606, W. Hollik and D. Pagani,

arXiv:1205.6580, W. Bernreuther and Z.-G. Si

arXiv:1302.6995, B. Grinstein, C. W. Murphy

arXiv:1409.8631, RG
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http://arxiv.org/abs/1409.8631

Asymmetry prediction for LHCb - the 1,2,3s

Main contribution - interference of NLO amplitudes!

o O.a(l) —|—Oé &e/w e/w(1) _I_Oée/w e/w(O) NI

A =

2) Apply rescaling of couplings and colour factors
36Q; Q7

3) Its just LO...
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dA' / dn (%)

Single-lepton asymmetry
L . . 2.0 <n(l,b) <4.5
Al — / dn; do” "/dm —do” °/dm; pr(l/b) > 20/60 GeV
j AR(I*,jet) > 0.5

0 dol™ /dn, + dot™? /dn,
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Backgrounds

2.0 <n(l,b) <4.5

4.5 dO_l+b dn _dglThb dn
e /2 " (da“b;dnieralb;dni pr(1/b) > 20/60 GeV
AR(I*,jet) > 0.5

Denomlnator of AI I's = 14 TeV
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da'b/dn (fo)

Backgrounds
2.0 <n(l,b) <4.5

4.5 dO_l+b dn _dglThb dn
e /2 " (da”b;dnieralb;dni pr(1/b) > 20/60 GeV
AR(I*,jet) > 0.5

Numerator of AI W 14 TeV
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Statistical feasibility
2.0 <n(l,b) <4.5

4.5 + —
Al / i (§Ui+z/2"l—§“§ Z/Z"l pr(1/b) > 20/60 GeV
o
%0 7 i do R AR(IE jet) > 0.5

If backgrounds can be controlled!

o9 ~ 4.7 pb /Ldt — 50 b~

Apply b-tagging efficiency 0.7
Apply lepton efficiency 0.75 Nevents = 1.2€0

A= (1.4—-2.0)+0.3%
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Final Remarks

e Systematics (exp. and theory) are a big task

Top Quark LHC WG - next meeting 12-13th Jan’ 2015
https://indico.cern.ch/event/340357/

Important to initiate exp. <-> theory dialogue for tops!

® Also, please submit data to the HepData project!

http://hepdata.cedar.ac.uk

Rhorry Gauld, Implications Workshop, 15/10/2014 19


https://indico.cern.ch/event/340357/
http://hepdata.cedar.ac.uk

Thank you for your attention!
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Why study forward ttbar?

X el

CT10wnlo, a(m) = 0.118, 1o CL_
T T T T b

|||F'

Q% = (173 GeVY? §

1) PDF constraints

See arXiv 1311.1810
(or Victors talk)
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Why study forward ttbar?

e LK e

MCFM66 pp —>tt \F_14Tev
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Sin?le-lepton backups
N (fb)

w=m/2\pn=m|p=2my
u | 55.62 | 40.84 | 31.56
O(a?)| dd | 23.15 | 16.99 | 13.05
ug 1.79 1.02 0.65
dg 0.72 0.45 | 0.26
O(aae)| 9.37 7.65 | 6.47
~ O(aZow)|  0.35 0.25 0.19
O(aZ,,)| 0.81 0.78 | 0.77
Total 91.80 | 67.96 | 52.95
D' (fb), 14 TeV :
PDF | =m:/2|pn =m¢|p = 2my A’ ((V)ﬂ}
NLO 119| 4626 3512 | 2742 [1.95 (
LO 119| 6225 | 4663 | 3586 |1.47 (
LO 130| 6761 4961 | 3752 [1.38 (3
-
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Single-lepton asymmetry
L . . 2.0 <n(l,b) <4.5
Al:/ | dn; (dg /dm — do /dm\ pr(l/b) > 20/60 GeV
2

gluon PDF ratio, g = NNPDF2.3 nlo ag(m?) = 0.119

— 2q — ——
O - Q% = (173 GeV)? .
< 1.8 -
= - NNPDF2.3 lo ay(m) = 0.119 .
o 16 ~
— - T NNPDF2.3 lo o, (m’) = 0.130 -
S 14 -
C I :
X 12k ~
o -
1 __.--"'--_____ """""""""" )
0.8 —
0.61 ! - ! -

10 102 10z1) = 0.3
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Di-lepton asymmetry

2.0 < e, 11, b) < 4.5
pr(e, 1, b) > 20 GeV

AR(IF, jet) > 0.5

i /dA (do#eb (A, > 0) — dotb(A, < 0)) /dA,
o g dored JdA,

pp— (tt— I'TX), /s = 14 TeV

’-o\ 10 - T [ T T [ [T T T T [ T 1 11 ]
o~ - p,(I1,b)>20 GeV -
;;T 9 - 20<n(I,b)<4.5 —
S 8F m=173.25GeV =
~ = Numerator = NNPDF2.3 NLO 119 =
o) il 3
<< 7 . Denominator = NNPDF2.3 NLO 119 -
© 6E Denominator = NNPDF2.3 LO 119 =
- Denominator = NNPDF2.3 LO 130 =
5 b Scale envelope =
4 =
3 — =
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0F i
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y
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Di-lepton asymmetry

Ny, (fb) |p=me/2|p = ms|p = 2my
w | 0.977 | 0.709 | 0.536
O(a?)| dd | 0.344 | 0.239 | 0.181
uwg | 0.095 | 0.070 | 0.045
dg | 0.031 | 0.021 | 0.013
O(azZae)| 0.179 | 0.146 | 0.120
~ O(aZow)| 0.009 | 0.007 | 0.006
O(aZ,,)| 0.006 | 0.005 | 0.005
Total 1.642 | 1.198 | 0.907
D%, (fb), 14 TeV B
PDF | =m¢/2|p = m|p = 2my A?b (%W
NLO 119| 1104 | 85.0 | 67.4 |1.41 (8)
LO 119 160.7 | 120.7 | 93.3 ]0.99 (3)
LO 130 176.6 | 130.0 | 98.8 [0.92 (1JH
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Di-lepton asymmetry

Denominator of Ai, Vs = 14 TeV

3 103 1 1 1 1 I 1 1 1 1 I I 1 1 1 1 I 1 1 1 I_E
= ZTéM;ev,]b():eztS) ii\; —— ttbar LO+scale s
5 10° o .
o= ==== (Z—711)*0.05 =
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10 = : IE
g - 3
- b s . - .
1 E TR —=
S ! 7 E
e L i )
w'g T -—— 3
102 - | | L | |
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A% = (0.9 —1.4) £ 1.6%

stat. 50 fb-1
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At the Tevatron

1 1 do.pp—>th do_pp—>ftX
= — d cos 6
7(a)s = 5 /0 o ( d cos 0 (J_r) d cos 0 >

1 ! d c d Il 9
0'8(1) — 5 / d cos b < (Cleft Dleft (p37 p4) -+ Cright " right (p3 p4) )
0

“ d cos d cos 0
A0 eft (p4 ; Ps) do right (p4> pg)
(Cleft dcost F Cright d cos 6
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Single-lepton

® generate samples (POWHEG) and match to parton shower (Pythia8176)
e apply realistic cuts: | pT > 20 GeV and b pT > 60 GeV

e apply b-tagging efficiencies: 70% efficiency and 1% mis-tag (non b-jet)

e apply muon efficiencies: 75% (trigger, identification, reconstruction)

_ -1
e apply muon isolation: dR (mu, j/b) >0.5 —~ .\,@71.4.Te.vl(5fb.). T

0

N events expected o
2017 - 5ifb 400
2030 - 50 ifb 200

1=>1400 |- —

o - u, b P, = 20, 60 GeV —— ttbar, 5/50fb™ g

- — ) _

© 1200 |- Wijets —

14 TeV i: I Py -~ Whjets :
n ooE " MMST tch E
l“ b 200 :_ T e Zbjets _:

IPEPEILET o taledatl il S oY o TR T

50 100 150 200 250
m(1, ) [GeV]

i
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Single-lepton 14 TeV (Ibj)

Vs = 14 TeV (5fb™) s = 14 TeV (5fb™)
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EEEETY i 100 —
2000 77T temmmee . — Z i
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Theoretical systematics for ttbar at LHC

MCFM-6.6, pp — tf, Vs = 14 TeV
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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strong coupling ...
I0—————————

| as(m?y) € [0.1177,0.1191]
O-LHCb VS. OéS(Mz) | e
25 « CT10wnlo .
2 | ABM11 5flv
Current PDG value % 20| e
as(Mz) = 0.1184 4+ 0.0007 | 1|
0.110 0.115 0.120 0.125
as(m’z)
~ LIS .C.T1.O’, .S.E[.O'.11,7T'.O'.11.9,4]. I
O [ @*=(@0Gevy
\_>_</ 1.1:
gluon PDF uncertainty R
fOr 5&8 Qé}. 1E
X N
.95k
das — 60 MP = 1.3%
0.85———— -
X
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Order | PDF | o(pb) dscale (PD) ((5pr (pb)\ 6. (Pb) Sm, (pb) Stotal (Pb)
NNLO* (inc.) 832.0 | 37l (Gaw | Biliem || TonCoom | TS | Teer il
NLO(inc.) | ABM | 7719 | *34(tL 00 | (050 || 0000w || SSrettiie | T3t (hienn
NLO(LHCb) 1172 | e | e | o0t tooe || eiltiam | T8 (Lo
NNLO (inc.) 952.8 | Y53 (e || Tio0(Canw | T1a0(irn || ST Ca0w) | TR (taav)
NLO(inc.) | CT10 | 832.6 | 30905060 || 45655 | 8300 || ¥358 (Chom | T1366(Ciov
NLO(LHCb) 137.0 | S8i0 a0 | e | S5 || BRin | P
NNLO" (inc.) 970.5 | 535 (o | T3T (e | T3S0 E | T i | TR (C7a
NLO(inc.) | HERA | 8042 | 3oty | 3050500 | 135 (50me || 550 (Chow | 11273 (Ctreon
NLO(LHCb) 1207 | M5 | T80 || it Cowm | 85w | 1165 (Cio o
NNLO" (inc.) 053.6 | 220 (|| He 2T zs s | s | ey G
NLO(ine) | MSTW | 885.6 | 110870 o) | 165 Caae || D100 (ilasny | 25530 00m) | D172 (Ciimy
NLO(LHOD) 1444 | HggiEe | rast D | e | TS | s
NNLO*(inc.) 077.5 | 538 (e || Ti6a Came || T30 || Te0 (Caos | TR0 (Lese
NLO(inc.) [NNPDF| 894.5 | 307003000 || F13805 000 | 790 it | Do 8o | F1aes 1o e
NLO(LHCb) 142.5 || M35 | T30 I T30 | Teitiae )| TR een
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Summary of theory systematics (NLO)

MCFM, Vs = 14 TeV

180r 0 ABM11 '-

L« CTI10w T -

_ 160t , HERA1S5 " '_

2 N MSTWO08 ! :
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2 2 2 \1 © Y : ]
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Summary of eigenvector sensitivity

pp—tt, (s =14 TeV pp—tt, (s =14 TeV
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Effect of LHCb analysis cuts

POWHEG—>p8, pp — ff, Vs = 14 TeV CT10wnlo 1o, OLS(MZ) =0.118
,:\ 1.2 :I LI I LI I LI L I LI LI I LI I LI I LI L I LI L I LI I LI I: Q'IA B T I T T T T T T T I T ll.
l;QO . —— CTwnlo, member 13- ] O 1.1 Q%=(80 GeV)? I." —]
3 1.15 - ---- CTwnlo, member 13+ E 5 B ! i
= L 3 >~ F ]
- LI = O o u i
5 F ] = 1.05F 5
"B 105F R = o - o i
e} o : q . : :
: E X 1= e
- ] Q. b o ¢ e o, =
2 : “— - .
X . - gluon 13+ ]
09F g 095 — gluon 13- —
- . . i
0.85F 3 | ---- gluon 5+ ]
0.8tllIIIIIII|IIII|IIIllllll|||||||||||||||||||||||||: 0.9__ g|U0n5- _—
05 1 15 2 25 3 35 4 45 5 =
n 102

Central production, x < 0.1

Forward production, x > 0.1
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Effect of LHCb analysis cuts

POWHEG—p8, pp — tt, \s = 14 TeV POWHEG—p8, pp — i, Vs = 14 TeV

’:\ 1.2 :I T I LILILEL I LI I LI I rrri I LELELIL I LI I LILILEL I rrri I T I: ? 1,2: 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :

l;QO . —— CTwnlo, member 13- ] =2 - —— CTwnlo, member 13- ]

v 1.15F cT - ~ol.15F -

S - wnlo, member 13+ _8 - CTwnlo, member 13+ e ]

= 11F = ADD| = LIE I =

O n s ] =y C e .

"B 105F i 3 PPly R LOSETTTTT =

S po : LHCDb I :

. . > D N =]

analysis : ;

095 -

: cuts : :

0.9F g 09F W bp, >20,60 Gev E

- . - .

0.85F - 0.85F n(u, b) €E[2-4.5] =

C ] - ]

0.8'-|||||||||||||||||||||||||||||||||||||||||||||||||- 0-8'-| PR S AN TN T W SN AT TN T ST TR (NN TN NN SO SR AN SN S SN N
05 1 15 2 25 3 35 4 45 5 2 2.5 3 35 4 4.5

M, ()

.
Applying LHCb cuts selects harder events (higher x1 partons)
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A few more comments

POWHEG—p8, pp — tf, Vs = 14 TeV POWHEG—p8, pp — tt, Vs =14 TeV
/:\ 1,2 :I LI I LI I LI I LI I LI I LILELL I LI I LI I LILELL I LI I: ? 1,2 : T T T I T T T T I T T T T I T T T T I T T T T :
2 ~ —— CTwnlo, member 13- . DQ - —— CTwnlo, member 13- N
"51.15F - = ol.15F =
-8 =tk - CTwnlo, member 13+ . “_8 bl JEICITR CTwnlo, member 13+ SR 7
= 11F = ADD| = uE e =
O C ] = - S — : ]
B 1osF e 3 PPly R 105F ' =
= F 5 LHCD I :
- =] n > D N —
5 : analysis : 5
95F . 0.95F -
: 5 cuts : :
09F g 09F W bp, >20,60 Gev E
0.85F = 0.85F m(u, b) E[2 - 4.5] -
0 8 :I L1l I L1l I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1l I L1 11 I L1l I: O 8 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
0 05 1 15 2 25 3 35 4 45 5 2 2.5 3 35 4 4.5
. 'k , M, Gp)
Applying LHCDb cuts selects harder events (higher x1 partons)
, POWHEG—p8, Vs =14 TeV . , POWHEG—ps, Vs =14 TeV
~—~ 10 ~—~ 10
Al al .
u, b-jet p_> 20, 60 GeV
%J 107F 7 . % 107 T
fn €[2.0-5.0] o) u, b-jet n €[2.0-4.5]
g 6 _0'8 ~—" 6 _0.8
o 10 <x>=0.15 o 10 <x>=0.28
O <Xx,>=0.02 O <Xx,>=0.01
5 — . 5 - .
100 ~0.6 Apply 10 0.6

<Q®>=1.5e3 <Q®>=1.3e3

LHCb > 10*
0.4 analysis 10°

10°
10?2 CUtS 102
10 10
1 1
10° 10 10°
X X
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LHC 8TeV Asym Systematics

CMS-PAS-TOP 12 033

8TeV

Systematic uncertainty

shift in inclusive Ac

range of shifts in differential Ac

JES 0.001 0.001 — 0.005

JER 0.001 0.001 — 0.005

Pileup 0.001 0.000 — 0.003

b tagging 0.000 0.001 — 0.003

Lepton ID/sel. efficiency 0.002 0.001 — 0.003
C Generator 0.003 0.001 — 0.015
(' Hadronization 0.000 0.000 — 0.016
pr weighting 0.001 0.000 — 0.003

( Q- scale 0.003 0.000 — 0.009
W+jets 0.002 0.001 — 0.007

Multijet 0.001 0.002 — 0.009

PDF 0.001 0.001 — 0.003

Unfolding 0.002 0.001 — 0.004

Total 0.006 0.007 — 0.022
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