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LHC T® diphoton () £ R

Low-mass Higgs boson search (D E

= 2273 background

[% R 1D study D A2+ background DEEZF EBL

MO>TWLRLELADHD

q9 — 7+ DEFEENIFE

[ZRELY

NLO fiEEMKEL\DIEXFEICZDELY

1jet ETEL yy £ /LD event generator HATLLY

NN EWNEFE LD efficiency D EREANH ALY

qg — yy+q (& initial state M QCD FK#xf=IF TL<,
final state ® QED #&t. 85
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Initial-state QCD FEXDrE

Initial-state LLL (Limited Leading-Log) subtraction
qg — 27 + q DIHE

DFEIE (LL term) = X 1:|_|_( WM““< )
Zly

radiation factor

non-rad. process

factorization
— A% fLL (Q Z)— @ (’UR) P@) 12” P(z): Altarelli-Parisi splitting function
Non-radiative process ® Parton shower (PS) @ leading term

hhb%%bgl( (E*ﬁ@ﬁ#,ﬁ) §(’) ‘i;ﬁﬁﬂ Z-boson production at Tevatron Run-I
PS [ Q? <uf — subtraction ¥ Q? < 42 IZPBRFE; i.e., limited ;

Non-rad. ® PS % Id. £ phase space % cover §5%
simulation M5ERk

( I.-'G)da-'dpl. ((jc\-"-"c)'l

Single/double weak-boson 4 k|23 F
—y> GR@PPA 2.8

http://atlas.kek.jp/physics/nlo-wg/grappa.html L I

P(Z) (GeVic)
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Final-state QED LLL subtraction
qg = 77+ 4

;;ww } , D FEEE (LL term)

2
= x fu( WM<) + x f( ‘< )

initial state final state
qq — 7y QCD ag — 7+q QED

/ (@ {e21+z JlGﬂZ
LL

Weak boson &£ &EL 1-z ) Q°

Z 5% exact 7L matrix element M5 ELB[L

ELEDHES non-rad. ® PS M PS (& QED radiation &
BOWBELNDHD
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qg — yy+ g(jet) at LHC; typical Higgs-search condition

pp collision @ +/s =14 TeV

n(n)|<2.5
P (7, lower) > 25 GeV/c
p; (7, higher) > 40 GeV/c

80<m <140 GeV/c®

Initial-state QCD LLL subtraction
(&8 A F

Numerical stability Z#{REES 5 &1
cut %1

AR(y~jet) > 0.01
i.e., EEMIZIE no cut

2011/3/27

o
L - no final-state subtraction;
o AR(pjet) > 0.2
g 0|~
B E R S
.l... e
E| e ™
F .-"A'\ e
. “}F
| LLL subtracted !
10 4 o
- %
C f_[L |
10’3; d "M
:.II.I‘II||..II|.III.IIII.III.II'.IIl.IIIl.IILI-I—-I-.:
0 0.5 1 1.5 2 D 3 3.5 4 4.5 5
AR(y-jet)
AR(jjet): y & final state q(jet) &M D opening angle
1 p+p
AR* =An* +Ag*  n=_In—=
g ¢ 2 p_ pz
yD 2 BHZIDT 2 DDENFELNDIM., INESNVAEERD
AAYEZFZ@HFEX



1jet FTED yy ERDTEZE simulation

HRID QED & final-state PS k52
#hiX£ T GR@PPA TEKTES

Non-rad. (y+ jet £ k) ® PS: fragmentation process I& PYTHIA T
Alli& simulate

PYTHIA PS [X QED £+ &A TL\%
Hard photon A\ radiate SN 4FETU =T bE M ZEHt(T5 (efficiency ~ 10)
"old" PS (PYSHOW) IZ[% yradiation % enhance 3% option &5 (10 &<{5LVET)

Matching ZE£#IZFA~ 3% A(Z(Z hard interaction EXBEDEFRA L E

Hard-photon radiation % tag L7= PYTHIA full simulation Q#5R M5
"yy+jet(qorg)" event *HERT S
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Fragmentation qg — yy+ ( event DB

a9 —>7+q

q :
=XP
P=% PYTHIA
prompt y simulation

q :
p=xP P=%P " |ongitudinal
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fragmentation y

remnant
hadron jet

prompt ¥

boost photons to
@ the CM frame

X

4
4 ,~ momentum from the
.
,/  final-state balance

/
U

remnant jet % on-shell quark T

BEMA-FICHS

hadron DI F 1T ETEHE
[ZBRSZELND T hadron D
momentum [X{E4>750N



yy+jet (q or g) BfE R D EFH

Parton shower %> hadronization D WL\TATLE
Sinitial = Stinal AYRY ILT=73 0

"Jet mass" DR

"old" PS "new" PS

PYTHIA simulation © momentum adjustment Momentum adjustment Z{T>TULVELY; i.e.,
Z1T2T  Sinitia =Sfina €L TLV%; i.e., CM RT  prompt photon ® momentum (& CM R TIEZFZE

prompt photon @ momentum (4> §:iiat < Stina
Remnant jet % on-shell quark ICEZ#i % Remnant jet & on-shell quark [CEZ#Z TH
=B RT Sinitial 2 Sfinal 1S%5% Sinitial < Sfinal

> Siitial = Sfina ELAERIZ CM R T final state

? overall momentum scale Z &%

"old" PS 4> GR@PPA @ PS T{ToTWLWADERIUEEAE



2T process DD HMIYEMLTE

Rl

Matching D7
RZEFFD

RS HFEABE. RA—RIZDBENBBENHD €— ZTEEATHRRSD
Py ooV A

LLL-subtracted qg — yy+ q & fragmentation M F0

do/dAR (pb)

Small AR Tl& PS @ multiple
radiation 1R TH A 5& N
Sh, BEBNERETD

Fragmentation m% 4>
(20% R E) PELVELY
Hd
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Final-state matching MR

L GR@PPA without final-state

s LLL subtraction, AR > 0.2 15 B - b A M & - hard 1

kinematics [Z mismatch
BRID PS THEHT 5H7

—
=

T T xl._l

1y
TR
rl\
]
I
Ly
|

' GR@PPA with final-state | P

T I]II[][l

adiation @
b5
& HA 15

i - LLL subtraction iLL ..'!
Fragmentation by 7 L“| s .
| PYTHIA L. e
o ..
i ® ;ﬁ’fﬁﬁéfm‘: yy+ jet event MHEH -Lu " "
Ii|||||||||||||||||||||JJJ|||.'|||H Ll Eéli'. -ii'i
0 0.5 1 15 2 2.5 3 3.5 4 45
AR(y-jet)

BHAYMEFZ@HEX



Isolation cut

EERTD 71D IZIZ isolation cut HAHE

Hadron jet MBMfE KL 2° background DERE
Small AR(j-jet) M fragmentation event LEREINS

E — E- < 15GeV withR. =0.4 ID 9% y & neutrino USADET
T, cone 2 T 1S0 DR FIZDONTORMEED

AR<R;, wrt y
o . .
& no final - state subtraction 160 — Fragmentation events
% o AR(y - jet) > 0.2 140 — AR(y-jet) < 0.4 @ event @ p.(jet)
% 10 Fragmentation LIS EIE & o |F BHERINT= yy+ jet event D "jet"
R e ERBER L Wk

80 isolation cut Aif

Rlsq) _ 0 4 q(} Y+ g _.: . U. I Iml " .20 I .—JU .:'{.}. I—S{]_r L r‘.‘{; L 'ml i 3(:. L .‘)0 1 I[m
' - Pr jer (GEVIC)

0 I' l,
ST T L T 1 Parton (hard interaction) level @ cut H3A
0 0.5 1 L5 2 2.5 3 35 4 TYRBWELEUZRE-TLNS
AR(y-jiety  TEHEALIE reasonable IZ{ThHhh TLVS
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£TOF: yysystem D p; 2%

ResBos EMEY BLV—FFRT

ResBos: resummed NLO calculation
CORMICEALT, HIRTIERBIEFETES
FEEHZABHIETT

DIPHOX O ZD A flE R TIF G4y
ZITlEgg = yy [FARTULVAN

qq — yy [F&ED 1/3 LT
qq — yy- 4.1 pb (30%)
fragmentation: 5.1 pb (37%)
qg —> yy+q: 3.7 pb (27%)
qq — yy+g: 0.8 pb (11%)

CORNRIETMEMICERDHEHED TIEARLY
radiation Z£ T - =p,;of q0 >y or qg > 1

do/dp.. (pb/GeV)

f=1f=L. large AR(j-jet) D qg — yy + g DHFSNERTELIEWSIRFERD
qq — yy EBED fragmentation 72+ TIEERYZWNET

ZMDE. g9 — y +q (& event topology ME<LEL S

"jet tag" T Higgs enrich ELVSBHT D) AIERYILDD M ?
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I I i B Y
80 90 100

pr(vY) (GeV/e)
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PYTHIA "new" PS

ZZFETIX PYTHIA "old" PS (PYSHOW) T fragmentation % 54

BT "new" PS ZF1ZHELTHEMNZLY
ATLAS 4 default [Z "new" PS

"new" final-state PS (PYPTFS) I3 &< B4 2IRA2TB 2T 5
jet DEBER 7 HIEEIZ broad

PS D EEDEEMNELSLDT GR@QPPA
T LLL subtraction HFNIZEhHET-

large AR(j<jet) TIE matching AARLYAY, AR()-
jet) < 2 TIX subtraction BiJ®D spectrum
(lowest order MFHHT) L 2<E%5

IS DERBIZFHIE (higher order?)
MBEGLIERLA, RYICHELVEED
"new" PS DETILZDLDDFIRDHRIC Ha

"old" initial-state PS [Z§%L\T "new" final-state (? i T "!1;- y
N - S 5 2 2.5 3 35
PS HI & A7 AR(y-jet)

no isolation cut

b CoBRLLETER

do/dAR (pb)

fragmentation by
PYHTIA new PS

TTTT
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FEDH

LHC T® H — yBIFE D1=I1Z(F QED diphoton 4 s D IEfE
AN R
QED diphoton &£ kIZIE qg — v+ g DFEHAKELY
— INFEMABEqq oy D 3FBLUE
T q A collinear 2R A $E1E THEX — fragmentation process
— FJE%K simulate 9450 (XFFETIEZELY
— ZNFETEHRAMA event generator KN EM 7= (Sherpa THES ?)
— Efficiency DIE3ETE5 study HH KLY
GR@PPA T (—Ii&) simulate TEA4RIZH-T-
— Final-state QED LLL subtraction + initial-state QCD LLL subtraction
— Fragmentation process I& PYTHIA T simulate
— "old" PS TIXIZIZ reasonable % §E &
— "new" PS [I£<&7%% (PS model ZDHLDHAELN?)
— QCD/QED ;B# final-state PS B
— Hard-y constraint T efficiency &
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