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TOM TAT

Trong bai bdo nay, cdc dai lrong vat |i quan trong dic trung cho qud trinh ion héa nhw toc
¢ ion hda va phan bé dgng lwong ngang cua electron cho trang thai 2po cua ion phan ti hydro
gt khao sat chi tiét khi xoay phan tiz quanh tam cua phan tiz. Pong thei, chang toi gis nguyén
chiéu cia vector cuong d@é dién trieong tir dé thay doi dwoc géc dinh phuong phan tir. Trong
nghién cizu nay, ching toi siz dung phirong phép trang thdi Siegert dé tinh s6 chinh xdc, sau dé so
sanh véi két qua tir phirong phép gan ding Ii thuyét truong yéu dé khang dinh tinh ding dan cua
nghién cizu. Két qua cho thdy, toc dé ion héa dat cuee dai tai géc dinh phwong B = 0°, sau dé giam
ddn va dat cuc tiéu khi B = 90°. Bén canh dé, phin bé déng lwong ngang cua electron ion hoa
phdn &nh rd cdu tric va tinh chdr doi xing ciia van dao phan tir 2po S0 Vi truc cia vector dién
trieong. Su két hop giita cdc kénh ion héa khdc nhau ciing dwoc quan sét théng qua biéu hién cua
phan bé déng lwong ngang.

Tir khoa: trang théi Siegert; H,*; tbe d6 ion hoa; phan bé dong lugng ngang

1.  Médau

Trong vat li trudng manh, qué trinh ion héa cua nguyén tir/phén tur dudi tac dung cua
truong laser dong vai tro quan trong bai diy 13 qua trinh khai ngudn cho tit ca moi hiéu
ng phi tuyén thu hat sy quan tdm cua nhiéu nha khoa hoc trong va ngoai nuéc (Itatani et
al., 2004; Gontier et al., 1980; Bergues et al., 2012). Do d96, viéc tinh toan chinh xac cac
dai luong vat 1i lién quan dén qua trinh ion héa nhu toc do ion héa, sy thay ddi mic ning
luong caa trang thai xem xét 1a vo cing can thiét. Hién nay, sy xuit hién cia nhitng xung
laser co budc song rat dai sdu trong viing hong ngoai (Tochitsky et al., 2019) da gitip cho
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quéa trinh ion hoa cta nguyén tir/phan tir trong truong laser 6 tinh chét twong duong véi
qua trinh ndy trong dién trudng tinh véi cudng do dién truong tinh bing ding cudng do
dién truong tic thoi cua xung laser. Do do, trong nhitng ndm gan day, bai toan ion hoa cua
nguyén tir/phan tir dudi tac dung cua dién truong tinh da va dang nhan dugc sy quan tam
cua gioi khoa hoc vt li trrong manh.

Sau khi dugc ion hoa ra khoi nguyén tu/phén ti, electron dudi tac dong cua dién
truong tinh s& duoc gia toc, do d6 dong lwong cua electron theo phuong cua vector dién
truong s& tang bat dinh. Tuy nhién, trong mat phiang vudng goc véi vector dién truong
ngoai, do khong con luc tac dung nén dong luong caa electron s& dan 6n dinh khi electron
bay ra xa ion me. Pong luong trén mat phang nay dugc goi 1a phan b dong lwong ngang
(Transverse Momentum Distribution — TMD). Céac nghién ctru trudc day cho thdy rang,
TMD m0 ta rat tét ciu tric cling nhu cac tinh chat ddi xang ciia van dao nguyén ti/phan tir
ma tai d6 electron bi ion hoa (Pham, 2015; Petersen et al., 2015).

Hién nay, c6 ba phuong phap thong dung dé xem xét bai toan ion héa cua nguyén
ta/phan tir dudi tac dung cua dién truong tinh. Phuong phap thir nhat 13 phuong phap giai
tich gan dang c6 thé mo ta tét tc d6 ion hoa va TMD cho dién trudng c6 cuong do yéu
(Ammosov et al., 1986; Pham, 2014; Tong et al., 2002) twong ung Véi co ché ion hoa
Xuyén ngam, va cudng do tuong ddi cao dén ngudng bién gitta co ché ion hda xuyén ngam
va vuot rao. Phuong phap nay cung cap cho cac nha vat li nhitng cong thic gan dang co
thé md ta nhanh céc két qua thuc nghiém, tuy nhién hoan toan khong thé ap dung cho dién
truong co cuong do cao trong vung ion hoa vuot rao. Phuong phap thir hai 1a phuong phap
giai s6 co thé cung cip két qua mo ta chinh xac cac dai lugng lién quan dén quéa trinh ion
hoa cho dién truong c6 do 16n bat ki (Pham, 2014; Pham, 2015; Plummer, & McCann,
1996). Phuwong phap nay lai co6 nhuge diém 1a doi hoi tai nguyén may tinh 16n, thoi gian
tinh twong d6i lau. Phuong phép thir ba 1a phuong phap ban thyc nghiém, cha yéu dua vao
két qua giai s6 nhu 1a cac sb liéu “gia thuc nghiém” va tim ra mot dang ham pho hop dén
khép véi dir liéu “gia thuc nghiém” nay nham tim ra cac tham sé tu do trong ham giai tich
(Tong, & Lin, 2005; Zhang et al., 2014; Pham, & Nguyen, 2017). Tuy nhirng ham giai tich
nay van duoc str dung rong rai boi cac nha thuc nghiém, nhung phuong phap nay lai khong
chat ché vé& mat toan hoc.

Trong nghién ciru nay, chung toi quan tim dén céch tiép can giai s6 va cu thé 1a sir
dung phuong phép trang thai Siegert, 13 phuong phap da dwoc st dung rat nhiéu trong cac
bai toan khao sat qué trinh ion hdéa cua nguyén tir (Pham, 2014; Pham, 2015) va phan tir
(Pham, 2018). Trong phuong phap nay, tbc d6 ion hda va TMD lan luot dugc trich xuét
tryc tiép tir két qua giai s6 cho tri riéng (phan 40 cia ning lwong) va ham riéng caa b6 song
electron khi ching bay ra xa ion me. Ngoai ra, phwong phap trang thai Siegert c6 thé cho
két qua chinh x4c cho dién trudng c6 budc song lon bat ki, tir d6 giup ching ta khao sat
duoc qua trinh nay cho ca co ché ion hda xuyén ngdm va vuot rao. Bén canh do, két qua
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giai sb cua trang thai Siegert 1 dit liéu dau vao chinh xac dé tinh phan bé dong luong ba
chiéu cua electron ion héa dudi tAc dung cua trudng laser cd dang phan cuc bét ki theo
phuong phap “doan thoi gian” (Pham, 2018). Hién nay, phuong phap trang thai Siegert da
duoc sir dung cho cac hé nguyén tur (Pham, 2014), va ion phan tu hydro ¢ trang thai co ban
1so va trang thai kich thich 2pz+ (Pham, 2018). Do d6, dé cung cip mot bic tranh toan
dién vé qua trinh ion hda cua ion phan ti hydro, cac trang thai khac ciing can dugc khao
sat. Tir @0, trong bai bao nay chung ti da tién hanh khao sat qua trinh nay cho trang thai
2pc khi thay doi goc dinh phuong phan tir, 1a goc hop boi truc phan tir va truc cua vector
dién truong ngoai. Két qua khao sat cho thay ca toc do ion hoa va TMD déu phan anh rd
c4u trdc cia van dao phan tir 2po.
2. Cosé i thuyét

Co s Ii thuyét lién quan dén phuong phap trang théi Siegert da dugc ching tdi trinh
bay chi tiét trong cac cong trinh trude ddy cia nhém (Pham, 2014; Pham, 2015; Pham,
2018). Trong bai bao nay, ching téi chi gidi thiéu nhitng phuong trinh quan trong. Phuong
trinh Schrédinger dirng mo ta twong tac gitra electron véi thé hat nhan trong gan ding mot
dién tir hoat dong V (r) = —Z/r két hop véi dién trudng tinh F = Fe, (F = 0) c6 dang

{—%A+V(r)+Fz—E}//(r):0, 1)

Véi Z = 2 teong tng Vaéi ion phan tir hydro. Chang t6i giai hé phuong trinh nay trong hé
toa d¢ parabolic (Landau, & Lifshitz, 1981)
E=r+z (0<& <),
n=r-z(0<n<wx),
@ =arctan J (0<p<2r). 2
X

Trong hé toa d6 ndy, phuong trinh (1) dugc viét lai duéi dang

0 0 En Fp (0,0 &+nd E¢_FE -0.
aq"an+ 5 + . +[6§§6§+ 4en 507 v (r)+ ) . ﬂy/(r) 0 (3)

Sy xuat hién caa cua dién truong ngoai di pha v& tinh chat Hermite cua toan tu
Hamilton, do d6 trang thai Siegert chi ton tai cho cac gia tri phuc roi rac caa E ma phan
thuc va phan 4o ctia n6 tuong tmg chinh 1a nang lugng & va téc do ion héa r

i
E:g_EF . (4)

Nghiém cta phuong trinh (3) dugc phan tich dudi dang

W)::f“ivl f, (n)@, (& en), (5)
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Véi v = (n§,|m|) 1a kénh ion héa, trong d6 n, vam la cac sb luong tir twong tng Véi truc &
va ¢ . Biéu kién bién cua phuong trinh (3) trong ving tiém can rat xa ion me d6i voi F >0
(Pham, 2014)
2]]2 f iFll2773/2 iE?]l/Z
f = ex + . 6

Trong d6 f, 1a nhiing hé sb tiém can. Theo |i thuyét gan dung truong yéu thi tong

module binh phuong cua tat ca cac hé sb f, s& tiém can véi toc do ion hda cua hé trong kénh
thir v. Trong viing khéng gian rat xa ion me, dang tiém can caa ham soéng (5) ¢6 dang

_ ik ko_
VO, = A k) ™
trong do r, =(x,y) = (r,cos¢,rsing) , k, =(k,,k,)=(k, cosg, .k sing,), va
g(z’ kJ_) — efiﬂ/lz 272_1/2(2F)71/6 Ai(g) , (8)
Ze—iﬁls k2
=———|E-Fz——=|. 9
¢ (2F)2’3{ . } ©

O day Ai(x) 1a ham Airy va A(k,) la bién d6 phuc cia TMD. Tir phuong trinh (7),

TMD cua electron ion hoa cé thé dugc rat ra dudi dang
2

Pk,)= |A(kL)|2 = 8% Z fo, ("Fi,(pkj . (10)

3. Kétquava thao luan
Chung tdi tién hanh nhiing tinh toan cho ion phan tir hydro véi ham thé niang twong
tac hat nhan — electron c6 dang

V(r)z‘J ;zbJ .

r—— r+—
2
trong d6 phan tir duoc bd tri nam trong mat phiang Oxz voi R = (Rsin,B, 0, RCOSﬂ) vaR la

2+b (11)

khoang cach lién hat nhan. Vector dién truong ngoai duoc bé tri ¢b dinh doc theo truc Oz,
g6c toa dd duoc chon tring véi tam cua phan tir, truc phan tir ¢ thé xoay quanh géc toa do
trong mat mat phang Ozx. Trong Hinh 1, chiing t6i mé ta hinh hoc cua hé khi truc phan tir
duogc dat doc theo phuong Oz.
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Y

™0

Hinh 1. Hinh hoc cua hé H, dat trong dién truong ngoai cé vector dién truong hudng doc
theo truc Oz khi truc phan tir firong 1:ng Véi hai proton (chdm tron) dwoc dat trén truc Oz

Chung t6i tién hanh khao st téc do ion hda cua phan tor H, & trang thai 2po khi
xoay phan tir quanh gbc toa do va giit nguyén cudng do dién truong F = 0,03a.u. Do tinh
chat ddi xang cia hé nén chdng t6i chi khao sat cho goc dinh phuong S thay doi tir 0°
dén 90" va thé hién két qua su phu thudc cua toc do ion hoa vao goc dinh phuong trong
Hinh 2. Dé xac nhan d6 tin cay caa phuong phap giai s6, chlng toi so sanh két qua giai s6
véi két qua gan ding thu duoc tir Ii thuyét gan dung tiém can truong yéu (Weak-Field
Asymptotic Theory - WFAT) (Pham, 2014). Theo WFAT, téc d6 ion hoa duoc tinh theo
cong thuc

Fas=(2—5mo)|9mo|2Wmo(F)’ (11)
trong d6 g,, va W_, lan Iuot 13 hé sb lién quan dén ban chat cua hé luong tir dang xem xét
va dién truong duoc sir dung. Dang twdng minh cia hai hé sb nay duoc cho trong cong
trinh (Pham, 2014). O day m la sé luong tir tir ddc trung cho kénh ion héa chinh. Theo
WFAT, dbi véi truong hop H. & trang thai 2po thi chi ton tai mot kénh ion hoa chiém uu

thé twong tng véi m = 0.
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B(°)

Hinh 2. Sir phu thugc cia toc dg ion hoa tir trang thai 2po cia H; vao géc dinh phirong

phan tir khi cuong dé dién trwong 1a F = 0,03 a.u. Puong lién nét mau den va dwong dit
nét mau do lan lwot 1a két qud thu dwoc tir phwong phdp giai sé va li thuyét gan ding
WFAT

Két qua tir Hinh 2 cho thay tdc d6 ion hoa dat cuc dai tai vi tri goc dinh phuong
B = 0°, sau d6 giam dan va dat cuc tiéu tai vi tri ung véi goc dinh phuong 8 = 90°. Tur
90° dén 180°, toc do ion hoa s& tang dan 1én va dat cuc dai tai 180°. Hinh dang caa duong
cong phu thudc nay &ng voi 90° < B < 180° hoan toan ddi xing véi duong cong trong
khoang tir 0° < B < 90°. Chu ki thay ddi nay tiép tuc lap lai khi khao sat cho goc dinh
phuong 180° < f < 360°. Két qua nay c6 thé duoc giai thich nhu sau: khi 8 = 0° hoic
B = 180°, truc cua phan tir trung véi phuong cua vector dién truong ngoai. Do do, su
chdng chap giira vector dién truong va van dao phan tir 12 16n nhat, tir d6 xac suat dé ion
hoa electron ciing 16n nhat. Khi B = 90°, vector dién truong ngoai huéng doc theo mit
phang nit cua van dao phan tir (12 mat phang ma xac suat ton tai electron 1a nho nhat). Vi
vay, su chong chap giita vector dién truong ngoai va van dao phan tir 12 it nhat dan dén xac
suat ion hoa electron 1a thap nhét.

Mot Tuu ¥ khac dugc rdt ra tir Hinh 2, 1a sy sai biét 1on gitra két qua giai s6 va li
thuyét WFAT khi B = 90°. Két qua giai s6 cho thdy téc do ion hoa trong trudng hop nay
rat bé va I # 0, trong khi theo WFAT thi toc do ion hoa bang 0. Nguyén nhan Ia do
WFAT chi xem xét mot kénh ion hoa duy nhat chiém wu thé tng véi m = 0 trong khi tng
VGi B = 90° thi s6 luong tir tir da chuyén tir m = 0 sang m = 1. Diéu nay cho thiy nhugc
diém cua WFAT, dong thoi khang dinh sy can thiét ciia phuong phap giai s trong viéc
cung cap két qua chinh xac lién quan dén qué trinh ion hoa caa nguyén ta/phan tir dudi tac
dung cua dién trudng ngoai. Ngoai ra, khi goc dinh phuong thay ddi tir g = 0° dén g =
90°, kénh ion hoa s& cd su chuyén tiép tir m = 0 sang m = 1. Do d6, s& ton tai nhitng géc
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dinh phuong ma tai d6 ca hai kénh nay déu c6 déng gop nhu nhau. Hién twong nay da
dugc quan sat cho trang théi 2pz+ caa H, , khi nay duong cong biéu dién méi lién h¢ giira
tdc d6 ion hoa va goc dinh phuong xuit hién mot cuc dai tai mot goc dinh phuong trung
gian. Tuy nhién, trong trudng hop cua trang thai 2po; cuc dai trung gian nay lai khong xuat
hién. Pay van la mot vin dé md ma ching t6i s& tiép tuc tim hiéu trong nhitng nghién ctu
tiép theo.

Tiép theo, ching tdi khao sat TMD cua electron ion hoa tir trang thai 2po cia H,
g véi cac goc dinh phuong phan tir khac nhau. Hinh 3 thé hién TMD cho bén géc dinh
phuong dai dién g = 0°,30°,60° va90°. O diy, TMD duoc xét trong mat phang Oxy
vubng goc voi vector dién truong trong khong gian dong luong (ky, k). Két qua cho thay,
khi B = 0°,30° va 60°, TMD c6 dang 1a cic vong tron dong tim, dat cuc dai ¢ tam va
giam dén khi d6 I6n cia vector k; = k, + k,, ting 1én theo quy luat ctia phan bé Gauss.
Diéu nay c6 thé duoc giai thich 1a do ddi vai cac goc dinh phuong nay, kénh ion hoa chiém
vu thé ang voi m = 0. Khi nay, TMD ciing thé hién rd ciu tric cta van dao phan tir khi
ngudi quan sat dang rat xa hé phan tir va nhin doc theo truc caa vector dién trudng. Do
Vi trudng hop B = 90° tic vector dién truong dang hudng doc theo mat phiang nit cua
van dao 2po, kénh ion héa chiém uu thé ung véi m = 1, va TMD ciing thé hién rat rd ciu
trdc cia van dao khi ngudi quan sat dung rat xa hé phan tir. Két qua nay, cing véi cac
nghién ctru trude day (Pham, 2015; Petersen et al., 2015), di tai khiang dinh rang cu trlc
ctia van dao phan tr ma tai d6 electron bi ion héa dugc luu trit vao théng tin 6n dinh caa
TMD va duoc electron ion héa mang theo dén dau do dong luong.

PP B =300 B =60° B = 90°
-~ 0.250
5
< 15
&
= 0.125
L3
~ -1.5
Q;:
0.000
-31501. 3-150 15 3 3 -150 15 3-15 0 1.5
ke/FY%(a.u.)

Hinh 3. TMD cua electron ion hoa tir trang thai 2po i#ng véi bon gia tri dai dién cia goc
dinh phirong tir tréi qua phdi lan heot 1a = 0°,30°,60° va 90° khi cwong dé dién truong 1a
F =0,03au

Dé trich xuét dit liéu vé tinh chat d6i xung caa van dao phan tir ddi véi vector dién
truong, chung téi tinh gia tri trung binh cia TMD theo toa d6 goc ¢, trong khdng gian
dong luong theo cong thic
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_ l 2z
P(kl):Z 0 P(ki)d(ka (11)

sau d6 trir pho TMD (ing véi ting goc ¢y cho gid tri phong trung binh P (K, ) va thu duoc
két qua nhu Hinh 4.

B=0° B = 30° B = 600 B = 90°

s B 1.5E-9 0.005 0.015 0.08
2 15
T 0 0.00 0.00 0.000 0.00
LT
45:

3 -1.5E-9 -0.005 0,015 0.08

315 0 15 3 §50 18 3 3 415 0 15 & B8 0 15 3
ke/F%(an.)

Hinh 4. TMD cua electron ion héa tur tragng thai 2po sau khi da trie phdng trung binh
P(k,) t#ng véi bon gia tri dai dién ciia géc dinh phiong tir trai qua phdi ldn heot 12 B =
0°,30°,60° va 90° khi cuong do dién truong la F = 0,03 a.u.

Khéc véi truong hop caa nguyén tir, van dao phén tir khi quan sét tir cac goc dinh
phuong phtt hop ¢ vé dang hudng nhu hinh dang nhitng vong tron dong tam trong Hinh 3
cho cac truong hop B = 0°,30° va 60°. Tuy nhién, van dao phan tir khong hoan toan dang
huéng nhu két qua duogc thé hién trong Hinh 4. Trong cac truong hop xem xét, ching toi
nhan thay chi co truong hop B = 0°, tinh dang huéng cuia phan tir 1a cao nhat bai do 16n
ciia TMD sau khi trir di gia tri phong la rat bé so voi d6 16n cua ban than TMD. Diéu nay
hoan toan phu hop vai hinh hoc cua hé va két qua thu nhan duoc cho trang thai 1so (Pham
et al., 2018). Khi g = 0° va 8 = 90°, truc cua phan tu va tryc cua vector dién truong trung
hoac vudng géc véi nhau, do d6 khi nhin van dao phan tir doc theo truc dién truong, van
dao phan tir phai d6i xing qua hai truc Ox va Oy. Ngoai ra, khi xoay phan tir mot goc 90°
thi tinh d6i xng cua van dao ciing thay d6i mot géc 90°. Trong khi d6, d6i véi trudng hop
B = 30°,60° thi van dao phan tir chi con ddi xing qua truc Ox. Nhitng nhan dinh truc
quan nay hoan toan phu hop voi két qua trich xuét tir TMD trong Hinh 4 va ciing hoan toan
phl hop véi kénh ion hda chiém wu thé da phan tich & phan trén. Két qua phan tich cua
chung t6i cho thdy, TMD cua electron ion héa khdng chi thé hién cau tric van dao phan tir
ma tir d6 electron duoc thoat ra khoi phan tir ma con phan anh tinh chat ddi xting caa van
dao nay ddi véi truc cua vector dién trudng ngoai.
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3 0.3 — 0.1
215 o
= £
> 0 015 . 0.0
I . -
&@

-3 0.0 - -0.1

-3-15 0 15 3 -3-15 0 15 3
k. /F1/%(a.u.)

Hinh 5. TMD (hinh bén trdi) va TMD sau khi da trir phong trung binh P(k, ) (hinh bén

phai) cua electron ion hoa tir trang thai 2po wng voi goc dinh phuwong B = 84° khi cuong
do dién truong la F = 0,03 a.u.

Cubi cung, dé kiém chuang sy dong dong gop cua hai kénh ion hda ang véi m = 0 va
m = 1, chung t6i di tién hanh tinh toan cho TMD cua electron ion héa ung véi goc dinh
phuong B = 84° va thé hién két qua & Hinh 5 cho ban than TMD (hinh bén tr&i) va hinh
anh trich xuat khi trir TMD véi phong trung binh P(k,) (hinh bén phai). Két qua cho
thay, trong truong hop nay, TMD khong con hinh dang la nhimng vong tron ddng tam thé
hién kénh wu thé 1a m = 0 hay ton tai mét mat phang nat Gng véi kénh uvu thé 1A m = 1.
Thay vao d6, cdu trac TMD trong trudng hop nay la su két hop cua ca hai mau hinh nay.
Pay 1a mot bang chuang quan trong khang dinh su canh tranh cua hai kénh ion hda ma
ching t6i da dé cap. Ngoai ra, TMD trong trudng hop nay ciing tuong duong véi nhiing
truong hop khac khi g # 0°,90° 1 chi ton tai tinh d6i xting qua truc OX.
4. Kétluan

Trong bai bdo nay, chiing t6i da khao sat mot cach toan dién nhirng dai lugng vat Ii
quan trong dac trung cho qua trinh ion hoa cua ion phén tu hydro & trang thai 2po khi gite
nguyén cudng do dién trudng va thay d6i goc dinh phuong phan tir. Két qua vé su phu
thuoc cua téc do ion hoa vao goc dinh phuong B dat cuc dai tai g = 0°, giam dan khi 8
tang 1én, va dat cuc tiéu tai § = 90°. Két qua nay hoan toan phi hop su mé ta cuaa i thuyét
gan dung WFAT ciing nhu sy chong chap gitra dién truong ngoai va van dao phan tir. Tuy
nhién, ching t6i khéng nhan thdy dwoc mot cuc tri tai mot goc dinh phuong trung gian.
Vin dé nay sé& duoc tim hiéu trong nghién ctu tiép theo cua ching tdi. Ngoai ra, ching toi
cling da khao sét chi tiét hinh dang cia TMD wng véi nhing goc dinh phuong S khéc
nhau. Ching t6i nhan thay tinh chat caa TMD phan anh rat tét cau tric va sy ddi xting cua
van dao 2po trong dién truong ngodi. Bén canh do, su canh tranh gitra hai kénh ion hoa
tuong tng véi m = 0 va m = 1 ciing da duoc kiém ching khi xem xét TMD cho goc dinh
phuong f = 84°.
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ABSTRACT

In this article, the physical quantities characterizing the ionization process such as the
ionization rate and transverse momentum distribution for the 2po of hydrogen molecular ion are
thoroughly investigated as the molecule is rotated about the molecular center. We also fix the
direction of electric field, thus are able to vary the orientation angle of the molecule in the external
field. In this study, the Siegert state method for preciously numerical calculation was applied, then
the results were compared with those obtained from the weak-field asymptotic theory to validate
the approach. The results indicate that the ionization rate reached a maximum at the orientation
angle 8 = 0°, then gradually decreased to a minimum at f = 90°. Besides, the transverse
momentum distribution of the ionized electron well reflects the structural and symmetric properties
of 2po orbital with respect to the axis of the electric field. The combination of different ionization
rates is also imprinted in the transverse momentum distribution.

Keywords: Siegert state, H."; ionization rate, transverse momentum distribution
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